BTy nap edilcatalogTo0R himl

We ship printed books within 1 business day; personal PDFs are available immediately.

Alternative Agriculture

Committee on the Role of Alternative Farming Methods
in Modern Production Agriculture, National Research
Council

ISBN: 0-309-56745-9, 464 pages, 7 x 10, (1989)
This PDF is available from the National Academies Press at:

falcinaVRgV il http/www nap edu/catalog/1208 html

Visit the National Academies Press online, the authoritative source for all books
from the National Academy of Sciences, the National Academy of Engineering,
the Institute of Medicine, and the National Research Council:

e Download hundreds of free books in PDF

Read thousands of books online for free

Explore our innovative research tools — try the “Research Dashboard” now!
Sign up to be notified when new books are published

Purchase printed books and selected PDF files

Thank you for downloading this PDF. If you have comments, questions or
just want more information about the books published by the National
Academies Press, you may contact our customer service department toll-
free at 888-624-8373, visit us online, or send an email to
feedback@nap.edu.

This book plus thousands more are available at http://www.nap.edu.

Copyright © National Academy of Sciences. All rights reserved.

Unless otherwise indicated, all materials in this PDF File are copyrighted by the National
Academy of Sciences. Distribution, posting, or copying is strictly prohibited without

written permission of the National Academies Press. Request reprint permission for this book.

THE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine



http://www.nap.edu/catalog/1208.html
http://www.nap.edu
http://www.nas.edu/nas
http://www.nae.edu
http://www.iom.edu
http://www.nationalacademies.org/nrc/
http://lab.nap.edu/nap-cgi/dashboard.cgi?isbn=0309039851&act=dashboard
http://www.nap.edu/agent.html
http://www.nap.edu
mailto:feedback@nap.edu
http://www.nap.edu
http://www.nap.edu/v3/makepage.phtml?val1=reprint
http://www.nap.edu/catalog/1208.html

National Academy Press

Board on Agriculture
National Research Council
Washington, D.C. 1989

Alternative Agriculture
Committee on the Role of Alternative Farming Methods in Modern Production Agriculture

Alternative Agriculture

"uonnguile Joj UOISISA aAllejIoyIne ay) se uoneolgnd sy} Jo uoisiaa juud sy} asn
asea|d ‘pauasul A|jejuaplooe uaaq aAey Aew siolis olydelbodAy swos pue ‘paulelal ag jouued ‘Janamoy ‘Bunewloy oyoads-buiasadAy Jayjo pue ‘sajAis Buipeay ‘syealq piom ‘syibus| aull ‘eulblo ay) 0y
anJ) ale syealq abed "so|ij BumesadAy [euibluio ay) wolj Jou ‘Yooq Jaded [euiblLo 8y} wolj payeslo saji X Wol pesodwosal usaqg sey yiom jeulblio sy} jo uonejuasaidal [e)ibip mau syl :8J 4ad Sl Inoqy

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1208.html

Alternative Agriculture

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles

and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

ii

National Academy Press 2101 Constitution Avenue, NW Washington, DC 20418

NOTICE: The project that is the subject of this report was approved by the Governing Board of the National Research Council, whose mem-
bers are drawn from the councils of the National Academy of Sciences, the National Academy of Engineering, and the Institute of Medicine.
The members of the committee responsible for the report were chosen for their special competences and with regard for appropriate balance.

This report has been reviewed by a group other than the authors according to procedures approved by a Report Review Committee con-
sisting of members of the National Academy of Sciences, the National Academy of Engineering, and the Institute of Medicine.

This project was supported by the W. K. Kellogg Foundation; the Rockefeller Brothers Fund; the Cooperative State Research Service of
the U.S. Department of Agriculture, under Agreement Number 59-3159-5-37; and the Wallace Genetic Foundation, Inc. Dissemination of the
report was assisted by the Joyce Foundation and the Jessie Smith Noyes Foundation. The project was additionally supported by the National
Research Council (NRC) Fund, a pool of private, discretionary, nonfederal funds that is used to support a program of Academy-initiated stud-
ies of national issues in which science and technology figure significantly. The NRC Fund consists of contributions from a consortium of
private foundations including the Carnegie Corporation of New York, the Charles E. Culpeper Foundation, the William and Flora Hewlett
Foundation, the John D. and Catherine T. MacArthur Foundation, the Andrew W. Mellon Foundation, the Rockefeller Foundation, and the
Alfred P. Sloan Foundation; the Academy Industry Program, which seeks annual contributions from companies that are concerned with the
health of U.S. science and technology and with public policy issues with technological content; and the National Academy of Sciences and
the National Academy of Engineering Endowments.

Library of Congress Cataloging-in-Publication Data
Alternative agriculture / Committee on the Role of Alternative Farming Methods in Modern Production Agriculture, Board on Agriculture,
National Research Council.
p. cm.
Bibliography: p.
Includes index.

ISBN 0-309-03987-8.—ISBN 0-309-03985-1 (pbk.)

1. Agricultural systems—United States. 2. Agricultural ecology—United States. 3. Agriculture—Economic aspects—United
States. 4. Agriculture and state—United States. 5. Agricultural systems—United States—Case studies. I. National Research Coun-
cil (U.S.). Committee on the Role of Alternative Farming Methods in Modern Production Agriculture.
S441.A46 1989 88-26997
6307°.973—dc19 CIP
Copyright © 1989 by the National Academy of Sciences

No part of this book may be reproduced by any mechanical, photographic, or electronic process, or in the form of a phonographic recording,
nor may it be stored in a retrieval system, transmitted, or otherwise copied for public or private use without written permission from the pub-
lisher, except for the purposes of official use by the U.S. government.

Cover photograph by Larry Lefever from Grant Heilman

Printed in the United States of America

First Printing, August 1989

Second Printing, May 1990

Third Printing, April 1991

Fourth Printing, October 1993

Fifth Printing, February 1995

Sixth Printing, December 1999

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1208.html

Alternative Agriculture

Committee on the Role of Alternative Farming Methods in Modern Production
Agriculture

JOHN PESEK, Chairman, lowa State University

SANDRA BROWN, University of Illinois

KATHERINE L. CLANCY, Syracuse University

DAVID C. COLEMAN, University of Georgia

RICHARD C. FLUCK, University of Florida

ROBERT M. GOODMAN, Calgene, Inc.

RICHARD HARWOOD, Winrock International

WILLIAM D. HEFFERNAN, University of Missouri

GLENN A. HELMERS, University of Nebraska

PETER E. HILDEBRAND, University of Florida

WILLIAM LOCKERETZ, Tufts University

ROBERT H. MILLER, North Carolina State University
DAVID PIMENTEL, Cornell University

CALVIN 0. QUALSET, University of California, Davis
NED S. RAUN, Winrock International

HAROLD T. REYNOLDS, University of California, Riverside (retired)
MILTON N. SCHROTH, University of California, Berkeley

Staff

RICHARD WILES, Project Director
SUSANNE E. MASON, Senior Project Assistant

and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles
use the print version of this publication as the authoritative version for attribution.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1208.html

Alternative Agriculture

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

to the original; line lengths, word breaks, heading styles

use the print version of this publication as the authoritative version for attribution.

Board on Agriculture

* WILLIAM L. BROWN, Chairman, Pioneer Hi-Bred International, Inc.

T THEODORE L. HULLAR, University of California, Davis

C. EUGENE ALLEN, University of Minnesota

EDWIN H. CLARK 11, The Conservation Foundation

ELLIS B. COWLING, North Carolina State University

JOSEPH P. FONTENOT, Virginia Polytechnic Institute and State University

ROBERT M. GOODMAN, Calgene, Inc.

TIMOTHY M. HAMMONDS, Food Marketing Institute

PAUL W. JOHNSON, lowa House of Representatives

CHARLES C. MUSCOPLAT, Molecular Genetics, Inc.

KARL H. NORRIS, U.S. Department of Agriculture, Beltsville, Maryland (retired)
CHAMP B. TANNER, University of Wisconsin

ROBERT L. THOMPSON, Purdue University

JAN VAN SCHILFGAARDE, U.S. Department of Agriculture, Fort Collins, Colorado
CONRAD J. WEISER, Oregon State University

CHARLES M. BENBROOK, Executive Director

JAMES E. TAVARES, Associate Executive Director

CARLA CARLSON, Director of Communications

GRACE JONES ROBBINS, Editor

* Through June 30, 1988
 Chairman as of July 1, 1988

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1208.html

Alternative Agriculture

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles

and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

PREFACE v

Preface

The 1980s have been a time of change in U.S. agriculture. The financial viability of many farms and rural
communities declined during the mid-1980s as crop prices and land values fell. More than 200,000 farms went
bankrupt. Since 1986, increasing market prices and exports of major farm commodities have improved the farm
economy, but this recovery would not have been possible without record levels of government support.

The environmental consequences of farming have also become increasingly important to policymakers,
farmers, and the public. The Environmental Protection Agency has identified agriculture as the largest nonpoint
source of water pollution. Pesticides and nitrates from fertilizers and manures have been found in the
groundwater of most states. The issue of pesticide and antibiotic residues in food remains unresolved. Soil
erosion, salinization, and depletion of aquifers for irrigation are significant problems in some regions.

In 1984, the Board on Agriculture appointed a committee to study the science and policies that have
influenced the adoption of alternative production systems designed to control these problems. The committee
found that many farmers have taken steps to reduce the costs and adverse environmental effects of their
operations. Some have improved conventional techniques, and others have adopted alternatives.

Farmers who have adopted alternatives try to take greater advantage of natural processes and beneficial on-
farm biological interactions, reduce off-farm input use, and improve the efficiency of their operations. Many
farmers have tried alternative systems. Some have succeeded; others have failed. It appears, however, that a
growing number of farmers and agricultural researchers are seeking innovative ways to reduce costs and protect
human health and the environment.

For the rest of this century, agricultural producers and policymakers will focus on three goals: (1) keeping
U.S. farm exports competitive; (2) cutting production costs; and (3) reducing the environmental consequences of
farming. The committee's report examines the scientific and economic viability
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PREFACE vi

of alternative systems that can help farmers and policymakers achieve these goals.

Chapter 1 describes the dimensions of U.S. agriculture in the domestic and world economies and its
evolution since World War II. The committee discusses changes in input use, including fertilizers, pesticides,
antibiotics, and irrigation water. Trade policy, federal commodity price and income support programs, and
regulatory and tax policy are discussed, as is their influence on farm practices.

Chapter 2 outlines some of the economic and environmental consequences of agricultural practices and
federal government policies. The committee describes problems in the farm economy, agricultural pollution of
surface water and groundwater, pest resistance to pesticides, aquifer depletion, soil erosion and salinization, and
pesticide and antibiotic residues in food.

Chapter 3 examines the basic science supporting farming practices widely used in alternative agriculture:
crop rotations, alternative crop nutrient sources and management strategies, integrated pest management,
biological pest control, and alternative animal management systems. Much of the evidence presented comes from
the agricultural research system. The results of most scientific research, however, have not been sufficiently
integrated into systems designed to solve on-farm problems. This chapter discusses the need for an
interdisciplinary problem-solving research system.

Chapter 4 analyzes the economic potential of alternative systems. The committee discusses methods of
economic analysis, regional differences in production costs, and the relationship between federal commodity
programs and production inefficiencies. Using midwestern corn and northwestern wheat production as examples,
the committee examines commodity program biases and their influence on the profitability of conventional and
alternative systems. Additionally, the economic benefits of integrated pest management, biological pest control,
and alternative livestock systems are discussed.

The report concludes with 11 case studies describing 14 farms managed with an efficient combination of
alternative and conventional practices. Detailed descriptions of the practices and financial performance of five
crop and livestock operations, seven fruit and vegetable farms, one western beef operation, and one rice farm are
presented. The case studies provide insights into the operation of alternative farms in different regions producing
different crops by the use of different methods. Each farm is tailored to the limitations and potential of its soil,
water, and climate and the local economy.

Farmers have a history of adopting new systems. While much work remains to be done, the committee
believes that farmers, researchers, and policymakers will perceive the benefits of the alternative systems
described in this report and will work to make them tomorrow's conventions.

JonN PESEK

Chairman
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Executive Summary

IN THE 1930s, CROP YIELDs in the United States, England, India, and Argentina were essentially the same. Since
that time, researchers, scientists, and a host of federal policies have helped U.S. farmers dramatically increase
yields of corn, wheat, soybeans, cotton, and most other major commodities. Today, fewer farmers feed more
people than ever before. This success, however, has not come without costs.

The U.S. Environmental Protection Agency (EPA) has identified agriculture as the largest nonpoint source
of surface water pollution. Pesticides and nitrate from fertilizers are detected in the groundwater in many
agricultural regions. Soil erosion remains a concern in many states. Pest resistance to pesticides continues to
grow, and the problem of pesticide residues in food has yet to be resolved. Purchased inputs have become a
significant part of total operating costs. Other nations have closed the productivity gap and are more competitive
in international markets. Federal farm program costs have risen dramatically in recent years.

Because of these concerns, many farmers have begun to adopt alternative practices with the goals of
reducing input costs, preserving the resource base, and protecting human health. The committee has reviewed the
dimensions and structure of U.S. agriculture, its problems, and some of the alternatives available to farmers to
resolve them.

Many components of alternative agriculture are derived from conventional agronomic practices and
livestock husbandry. The hallmark of an alternative farming approach is not the conventional practices it rejects
but the innovative practices it includes. In contrast to conventional farming, however, alternative systems more
deliberately integrate and take advantage of naturally occurring beneficial interactions. Alternative systems
emphasize management; biological relationships, such as those between the pest
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and predator; and natural processes, such as nitrogen fixation instead of chemically intensive methods. The
objective is to sustain and enhance rather than reduce and simplify the biological interactions on which
production agriculture depends, thereby reducing the harmful off-farm effects of production practices.

Alternative agriculture is any system of food or fiber production that systematically pursues the following
goals:

* More thorough incorporation of natural processes such as nutrient cycles, nitrogen fixation, and pest-
predator relationships into the agricultural production process;

* Reduction in the use of off-farm inputs with the greatest potential to harm the environment or the health
of farmers and consumers;

» Greater productive use of the biological and genetic potential of plant and animal species;

* Improvement of the match between cropping patterns and the productive potential and physical
limitations of agricultural lands to ensure long-term sustainability of current production level; and

» Profitable and efficient production with emphasis on improved farm management and conservation of
soil, water, energy, and biological resources.

Alternative agriculture is not a single system of farming practices. It includes a spectrum of farming
systems, ranging from organic systems that attempt to use no purchased synthetic chemical inputs, to those
involving the prudent use of pesticides or antibiotics to control specific pests or diseases. Alternative farming
encompasses, but is not limited to, farming systems known as biological, low-input, organic, regenerative, or
sustainable. It includes a range of practices such as integrated pest management (IPM); low-intensity animal
production systems; crop rotations designed to reduce pest damage, improve crop health, decrease soil erosion,
and, in the case of legumes, fix nitrogen in the soil; and tillage and planting practices that reduce soil erosion and
help control weeds. Alternative farmers incorporate these and other practices into their farming operations.
Successful alternative farmers do what all good managers do—they apply management skills and information to
reduce costs, improve efficiency, and maintain production levels.

Some examples of practices and principles emphasized in alternative systems include

* Crop rotations that mitigate weed, disease, insect, and other pest problems; increase available soil
nitrogen and reduce the need for purchased fertilizers; and, in conjunction with conservation tillage
practices, reduce soil erosion.

* IPM, which reduces the need for pesticides by crop rotations, scouting, weather monitoring, use of
resistant cultivars, timing of planting, and biological pest controls.
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* Management systems to control weeds and improve plant health and the abilities of crops to resist insect
pests and diseases.

* Soil-and water-conserving tillage.

* Animal production systems that emphasize disease prevention through health maintenance, thereby
reducing the need for antibiotics.

* Genetic improvement of crops to resist insect pests and diseases and to use nutrients more effectively.

Alternative systems are often diversified. Diversified systems, which tend to be more stable and resilient,
reduce financial risk and provide a hedge against drought, pest infestation, or other natural factors limiting
production. Diversification can also reduce economic pressures from price increases for pesticides, fertilizers,
and other inputs; drops in commodity prices; regulatory actions affecting the availability of certain products; and
pest resistance to pesticides.

Alternative farming practices can be compatible with small or large farms and many different types of
machinery. Differences in climate and soil types, however, affect the costs and viability of alternative systems.
Alternative practices must be carefully adapted to the biological and physical conditions of the farm and region.
For example, it is relatively easy for corn and soybean farmers in the Midwest to reduce or eliminate routine
insecticide use, a goal much harder for fruit and vegetable growers in regions with long production seasons, such
as the hot and humid Southeast. Crop rotation and mechanical tillage can control weeds in certain crops,
climates, and soils, but herbicides may be the only economical way to control weeds in others. Substituting
manure or legume forages for chemical fertilizers can significantly reduce fertilizer costs. However, a local
livestock industry is often necessary to make these practices economical.

Findings

In assessing current conventional and alternative farming practices in U.S. agriculture the committee

» Studied the potential influence of alternative farming practices on national economic, environmental,
and public health goals;

* Identified and evaluated the factors, including government programs and policies, that influence
adoption of alternative farming practices; and

» Reviewed the state of scientific and economic knowledge of alternative farming practices to determine
what further research is needed.

Based on its study, the committee arrived at four major findings.
1. A small number of farmers in most sectors of U.S. agriculture currently use alternative farming

systems, although components of alternative systems are used more widely. Farmers successfully
adopting these systems generally derive significant sustained economic and environmental benefits.
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Wider adoption of proven alternative systems would result in even greater economic benefits to
farmers and environmental gains for the nation.

2. A wide range of federal policies, including commodity programs, trade policy, research and
extension programs, food grading and cosmetic standards, pesticide regulation, water quality and
supply policies, and tax policy, significantly influence farmers' choices of agricultural practices. As
a whole, federal policies work against environmentally benign practices and the adoption of
alternative agricultural systems, particularly those involving crop rotations, certain soil conservation
practices, reductions in pesticide use, and increased use of biological and cultural means of pest
control. These policies have generally made a plentiful food supply a higher priority than protection
of the resource base.

3. A systems approach to research is essential to the progress of alternative agriculture. Agricultural
researchers have made important contributions to many components of alternative as well as
conventional agricultural systems. These contributions include the development of high-yielding
pest-resistant cultivars, soil testing methods, conservation tillage, other soil and water conservation
practices, and IPM programs. Little recent research, however, has been directed toward many on-
farm interactions integral to alternative agriculture, such as the relationship among crop rotations,
tillage methods, pest control, and nutrient cycling. Farmers must understand these interactions as
they move toward alternative systems. As a result, the scientific knowledge, technology, and
management skills necessary for widespread adoption of alternative agriculture are not widely
available or well defined. Because of differences among regions and crops, research needs vary.

4. Innovative farmers have developed many alternative farming methods and systems. These systems
consist of a wide variety of integrated practices and methods suited to the specific needs, limitations,
resource bases, and economic conditions of different farms. To make wider adoption possible,
however, farmers need to receive information and technical assistance in developing new
management skills.

Incentives for the Adoption of Alternatives

Major segments of U.S. agriculture entered a period of economic hardship and stress in the early and
mid-1980s. This period followed more than 30 years of growth in farm size and production following World War
II. Export sales after 1981 slumped well below the record levels of the late 1970s. This was caused by the rising
value of the dollar, a period of worldwide recession, high and rigid federal commodity program loan rates, and
increases in agricultural production and exports from developed and certain developing countries. As food
surpluses grew in some regions of the world, the industrialized nations promoted agricultural exports with a
variety of subsidies. Many U.S. farmers, particularly specialized producers of major
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export crops such as corn, soybeans, cotton, and wheat, suffered financial hardship.

Some farmers, caught by the abrupt downward turn in commodity prices and land values, were unable to
pay debts. Many were forced to leave farming. A substantial increase in federal price and income support
payments beginning in 1983, coupled with stronger export demand, has helped insulate row-crop and small-grain
producers from further economic losses. Nonetheless, tens of thousands of farms are still struggling, particularly
middle-sized family farms with little or no off-farm income.

Apart from economic hardship, other adverse effects of conventional agriculture are being felt in some
regions. Specialization and related production practices, such as extensive synthetic chemical fertilizer and
pesticide use, are contributing to environmental and occupational health problems as well as potential public
health problems. Insects, weeds, and pathogens continue to develop resistance to some commonly used
insecticides, herbicides, and fungicides. Insects and pathogens also continue to overcome inbred genetic
resistance of plants. Nitrate, predominantly from fertilizers and animal manures, and several widely used
pesticides have been found in surface water and groundwater, making agriculture the leading nonpoint source of
water pollution in many states. The decreasing genetic diversity of many major U.S. crops and livestock species
(most notably dairy cattle and poultry) increases the potential for sudden widespread economic losses from
disease.

Evaluating Alternative Farming Methods and Systems

A review of the literature led the committee to conduct a set of case studies to further explore and illustrate
the principles and practices of alternative agriculture. Some farmers who have adopted alternative practices have
been very successful, while others have tried and failed. Some who have successfully adopted alternatives
experienced setbacks during the transition. Experience and research have led to a detailed understanding of some
alternative methods. But many others are not well understood. Consequently, it is hard to predict where and how
specific alternative practices might be useful. Although science has accumulated a great base of knowledge of
potential benefit to alternative agriculture, research and extension have not focused on integrating this
knowledge into practical solutions to farmers' problems.

It is difficult to estimate the economic impact of many alternative farming practices, particularly those that
influence several facets of the farm, such as soil fertility and pest populations. The task of isolating the impact of
a new practice requires detailed knowledge of a farm's biological and agronomic characteristics. Even more
difficult is the task of predicting and measuring the economic effects of the transition to alternative methods.
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During the transition period, it is often unclear how well and how quickly alternative practices will become
effective.

The aggregate effects of alternative agriculture need to be evaluated in the context of market forces and
government policies that determine farm profitability. In spite of obstacles, however, innovative farmers will
continue to broaden and refine alternative farming practices, with increasingly significant benefits for
agriculture, the economy, and the environment. With appropriate changes in farm policy and expanded and
redirected research and extension efforts, the rate of progress in developing and adopting alternative systems
could be markedly accelerated.

Conclusions

Alternative Farming Practices and their Effectiveness

Farmers who adopt alternative farming systems often have productive and profitable operations, even though these
farms usually function with relatively little help from commodity income and price support programs or extension.

The committee's review of available literature and commissioned case studies illustrates that alternative
systems can be successful in regions with different climatic, ecological, and economic conditions and on farms
producing a variety of crops and livestock. Further, a small number of farms using alternative systems profitably
produce most major commodities, usually at competitive prices, and often without participating in federal
commodity price and income support programs. Some of these farms, however, depend on higher prices for their
products. Successful alternative farmers often produce high per acre yields with significant reductions in costs
per unit of crop harvested. A wide range of alternative systems and techniques deserves further support and
investigation by agricultural and economic researchers. With modest adjustments in a number of federal
agricultural policies many of these systems could become more widely adopted and successful.

Alternative farming practices are not a well-defined set of practices or management techniques. Rather, they are a
range of technological and management options used on farms striving to reduce costs, protect health and
environmental quality, and enhance beneficial biological interactions and natural processes.

Farmers adopting alternative practices strive for profitable and ecologically sound ways to use the particular
physical, chemical, and biological
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potentials of their farms' resources. To these ends, they make choices to diversify their operations, make the
fullest use of available on-farm resources, protect themselves and their communities from the potential hazards
of agricultural chemicals, and reduce off-farm input expenses. Instead of rejecting modern agricultural science,
farmers adopting alternative systems rely on increased knowledge of pest management and plant nutrition,
improved genetic and biological potential of cultivars and livestock, and better management techniques.

A fuller understanding of biological and ecological interactions, nutrient cycles, and management systems
geared toward sustaining and maximizing on-farm resources is often prerequisite for a successful transition to an
alternative system. The transition can occur rapidly in some cases; however, most farmers adopt alternative
practices gradually as they learn to integrate these practices into more profitable farm management systems.

Well-managed alternative farming systems nearly always use less synthetic chemical pesticides, fertilizers, and
antibiotics per unit of production than comparable conventional farms. Reduced use of these inputs lowers
production costs and lessens agriculture's potential for adverse environmental and health effects without necessarily
decreasing—and in some cases increasing—per acre crop yields and the productivity of livestock management
systems.

Farmers can reduce pesticide use on cash grains through rotations that disrupt the reproductive cycle,
habitat, and food supply of many crop insect pests and diseases. By altering the timing and placement of nitrogen
fertilizers, farmers can often reduce per acre application rates with little or no sacrifice in crop yields. Further
reductions are possible in regions where leguminous forages and cover crops can be profitably grown in rotation
with corn, soybeans, and small grains. This usually requires the presence of a local hay market. Fruit and
vegetable growers can often dramatically decrease pesticide use with an IPM program, particularly in dry or
northern regions. Subtherapeutic use of antibiotics can be reduced or eliminated without sacrificing profit in
most beef and swine production systems not reliant on extreme confinement rearing. Significant reduction of
antibiotic use in poultry production is possible, but will be more difficult without major changes in the
management and housing systems commonly used in intensive production.

Alternative farming practices typically require more information, trained labor, time, and management skills per
unit of production than conventional farming.

Alternative farming is not easy. Grain farmers who add livestock to their farms may find it more difficult to
balance demands on their time during certain peak work seasons. Labor needs, particularly for trained personnel,
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typically increase on farms using alternative systems. Marketing plans take more time to develop and implement.
Alternative farming practices also require more attention to unique farm conditions. Scouting for pests and
beneficial insects, using biological controls, adopting rotations, and spot spraying insecticides or herbicides
require more knowledge and management than simply treating entire fields on a programmed schedule.

The development of optimum rotations or planting schedules for specific climatic and soil conditions
demands careful observation of crop response and precise management. Preventive health care for livestock
requires greater knowledge of animal health and accurate diagnoses of health problems. Monitoring soil nutrient
levels through soil and crop tissue testing is a reliable way to estimate more precisely fertility needs and calibrate
fertilizer applications. Such testing and analysis, however, require time, knowledge, money, and, in many cases,
specialized skills.

The Effect of Government Policy

Many federal policies discourage adoption of alternative practices and systems by economically penalizing those
who adopt rotations, apply certain soil conservation systems, or attempt to reduce pesticide applications. Federal
programs often tolerate and sometimes encourage unrealistically high yield goals, inefficient fertilizer and pesticide
use, and unsustainable use of land and water. Many farmers in these programs manage their farms to maximize
present and future program benefits, sometimes at the expense of environmental quality.

Commodity program rules have an enormous influence on agriculture. Through provisions governing
allowable uses of base acres, these programs promote specialization in one or two crops, rather than more varied
rotations. Between 80 and 95 percent of all acreage producing corn, other feed grains, wheat, cotton, and rice (or
about 70 percent of the nation's crop-land) are currently enrolled in federal commodity programs.

All acres enrolled in the federal commodity income and price support programs are subject to specific crop
program rules that determine eligibility. The most crucial and basic rule determines eligible base acres. A farm's
base acres are those eligible for program participation and benefits. They are calculated as an average of acreage
enrolled in a particular crop program each year during the past 5 years. Thus, any practice that reduces acreage
counted as planted to a program crop will reduce the acreage eligible for federal subsidies for the next 5 years.
For example, if a farmer rotates all of his or her base acreage one year to a legume that will fix and supply
nitrogen and conserve soil, fewer acres will be eligible for program payments in subsequent years. In general,
under this scenario, benefits would be reduced 20 percent per year for the next 5 years. Payment reductions could
be even greater in subsequent years.

Another rule, cross-compliance, passed in the Food Security Act of 1985,

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1208.html

Alternative Agriculture

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

EXECUTIVE SUMMARY 11

has had a great influence on a farmer's choice of crops. Cross-compliance stipulates that to receive any benefits
from an established crop acreage base, a farmer must not exceed his or her acreage base for any other program
crop. In general, cross-compliance discourages diversification into rotations involving other program crops. For
example, if a farm is enrolled in the corn program and has no other program crop base acreage, the farm would
lose all corn program benefits that year if any other program crop were planted on the farm. Farmers wishing to
diversify into rotations with other program crops must generally forfeit program payments from crops currently
in the program. If a farm had base acreage for two or more crops when cross-compliance went into effect in
1986, it must meet two criteria to retain eligibility for maximum program benefits: (1) the farm may not be
planted with any other program crops and (2) the farm must stay enrolled in both programs each year. Oats are
currently exempt from cross-compliance to encourage production. And in 1989, farmers have the option of
planting 10 to 25 percent of feedgrain base acres to soybeans with no reduction in feedgrain base acres in
subsequent years.

The government also sets per bushel target prices for program crops. Farmers enrolled in the programs are
paid the difference between the target price and the crop-specific loan rate or market price, whichever difference
is less, in the form of a per bushel (per hundredweight for rice, per pound for cotton) deficiency payment. This is
paid in addition to what a farmer receives on the market or for placing the crop under loan with the U.S.
Department of Agriculture's (USDA) Commodity Credit Corporation. Often these deficiency payments are a
substantial portion of gross farm income. For example, in 1986 and 1987, corn deficiency payments were $1.11
and $1.21 per bushel, while market prices averaged $1.92 and $1.82, respectively. Wheat deficiency payments in
1986 and 1987 were $1.98 and $1.78 per bushel, while market prices averaged $2.40 and $2.60, respectively.

Farmers in these programs manage their land to maximize future eligibility for farm program benefits. They
are often far more responsive to subtle economic effects of the farm programs than to the biological and physical
constraints of their land. Two principal objectives of farmers participating in the commodity programs are to
sustain or expand eligible base acres and to maximize yields on those acres, thus maximizing per acre payments.
These goals are usually achieved by growing the same crop or crops year after year and striving for the highest
possible yield on the greatest possible acreage.

Shifts in international market demand driven by economic policy changes in the United States, including
devaluation of the dollar and changes in the tax code and deficits, can also have significant, unintended effects
on the land. During the export boom of the 1970s and early 1980s, land previously considered unsuitable for
cultivation, primarily because of erosion, was brought into cultivation. About 25 million acres of this land has
been recently idled under the Conservation Reserve Program (CRP), but much remains in production.
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Fertilizers and pesticides are often applied at rates that cannot be justified economically without consideration of
present or future farm program payments.

The committee identified two major forms of input inefficiency encouraged by federal commodity
programs: (1) excess input use to achieve higher yields and maximize government program payments and (2) use
of inputs to expand crop production onto marginal lands or to support the production of crops in regions poorly
suited to a particular crop.

Efficiency of input use, total variable costs, and per unit production costs differ widely among growers and
regions. The committee's review of selected cost of production studies resulted in the following conclusions that
warrant further study to help improve farm profitability and reform farm policies:

* Within a given region for a specific crop, average production costs per unit of output on the most
efficient farms are typically 25 percent less, and often more than 50 percent less, than average costs on
less efficient farms. There is a great range in the economic performance of seemingly similar or
neighboring farms.

* Average production costs per unit of output also vary markedly among regions, although not as
dramatically as among individual farms.

* High-income and low-cost farms are often larger. The causes and effects of this, however, deserve study.

» Certain variable production expenses—machinery, pesticides, fertilizers, and interest (excluding land)—
account disproportionately for differences in per unit production costs.

Federal grading standards, or standards adopted under federal marketing orders, often discourage alternative pest
control practices for fruits and vegetables by imposing cosmetic and insect-part criteria that have little if any
relation to nutritional quality. Meat and dairy grading standards continue to provide economic incentives for high-
fat content, even though considerable evidence supports the relationship between high consumption of fats and
chronic diseases, particularly heart disease.

Most fruits and vegetables are marketed under orders that set specific criteria for cosmetic damage and
other quality criteria that rarely affect the safety or nutritional value of the food. Commodity producer
organizations generally support these standards as a way of reducing market supply and increasing price; food
processors favor them as a quality control mechanism and because they can offer a lower price for food that does
not meet the highest cosmetic standards. In many cases, pesticides are applied solely to meet grading criteria.
Although IPM methods permit successful maintenance or even enhancement of crop yields, in many cases they
are less
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effective than routine spraying for controlling cosmetic damage. Pesticides applied solely to meet cosmetic or
insect fragment standards increase pest control costs to producers and may increase residues of pesticides in food
and hazards to agricultural workers. Repercussions from pesticide use may become more serious as new pests
encroach on major fruit-and vegetable-producing regions, and as insects and plant diseases become resistant to
currently effective products.

Many animal feeding and management systems and technologies currently exist to reduce the fat content of
meat and dairy products. These practices also often help cut costs. Producers are unlikely to adopt them,
however, without changes in grading standards and higher prices for lower fat products. Some progress is under
way in this area, particularly in the beef and pork industries, but further reform of the rules is needed.

Current federal pesticide regulatory policy applies a stricter standard to new pesticides and pest control
technologies than to currently used older pesticides approved before 1972. This policy exists in spite of the fact that
a small number of currently used pesticides appears to present the vast majority of health and environmental risks
associated with pesticides. This policy inhibits the marketing of biologically based or genetically engineered
products and safer pesticides that may enhance opportunities for alternative agricultural production systems.

Federal pesticide regulatory procedures and standards are increasingly expensive and time-consuming.
Many scientific issues remain unresolved, complicating decisions to allow new pesticides onto the market and
remove older pesticides from the market. Pesticide benefits assessments, for example, are an extremely
challenging are for research. Neither the EPA nor the USDA has developed formal procedures to calculate the
economic benefits of pesticides under regulatory review. This often leads to uncertainty, controversy, and delay
in regulatory decisions on older pesticides. The benefits assessments that are typically developed tend to
overestimate the actual value of pesticides under review for health and environmental effects, by not fully
accounting for IPM and nonchemical alternatives. This policy helps to preserve market share for older
compounds known to pose health and environmental hazards. This in turn discourages the development and
adoption of biological, cultural, or other alternative pest control practices.

Current and pending regulations need to be improved to provide greater opportunity for the development of
naturally occurring pest control agents and those that rely in some way on genetic engineering. Uncertainty over
the definition of a genetically altered organism has resulted in some confusion in registration of nonpathogenic
microflora that can help control pests biologically. One possible outcome of this confusion is delay in efforts to
select and produce strains of naturally occurring bacteria for many purposes, including more efficient fixation of
atmospheric nitrogen by legumes and control of plant pests.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1208.html

Alternative Agriculture

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

EXECUTIVE SUMMARY 14

The State of Research and Extension

The results and design of basic, discipline-oriented research programs often are not sufficiently integrated into
practical interdisciplinary efforts to understand agricultural systems and solve some major agricultural problems.

Many would agree that the United States has been slow to marshal certain new scientific capabilities, such
as biotechnology, to develop agricultural products and technologies. This is largely due to declining support for
applied research and extension and difficulty in maintaining facilities and incentives for multidisciplinary
research. While the decline of the heavy industry and manufacturing sectors is perhaps the most dramatic
example of the erosion of U.S. technological leadership, many fear that agriculture will be added to the list in the
early 1990s.

U.S. agriculture has always taken pride in its ability to apply science and technology in overcoming the
everyday problems of farmers. Many states, however, are losing by retirement and attrition the multidisciplinary
agricultural research and education experts capable of bridging the gap between laboratory advances and
practical progress on the farm. These individuals, frequently cooperative extension system employees, have
traditionally played an important role in informing research scientists of the problems faced by farmers and in
integrating research advances into production programs on the farm.

Insufficient numbers of young scientists are pursuing careers in interdisciplinary or systems research. This
is in part because higher education, peer review, the agricultural research systems, and their funding sources tend
to encourage narrow intradisciplinary research over interdisciplinary work. As a result, agricultural scientists
often lack the skills and insights to understand fully on-farm problems or how farmers can most readily
overcome them. The lack of support for on-farm systems research is creating a serious problem for the
cooperative extension system. The cooperative extension system's ability to carry out its traditional role has
eroded substantially in the last decade. This trend is likely to continue unless there are changes in research and
development, educational policies, and increased financial support.

The committee is nonetheless encouraged by the growing interest in alternative farming practices among
research and extension personnel. Without additions to existing programs and new research and educational
initiatives, however, the current system will not be able to provide farmers the kind of information, managerial
assistance, and new technologies needed to support widespread adoption of alternative agricultural practices. An
effective alternative agricultural research program will require the participation of and improved communication
among problem-solving and systems-oriented researchers, innovative farmers, farm advisers, and a larger cadre
of extension specialists.
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Research and extension program funds to study, develop, and promote alternative farming practices are inadequate.
It is unrealistic to expect more rapid progress in developing and transferring alternative practices to farmers without
increased funding.

A shortage of public funds in support of agricultural research has discouraged work on alternative
agriculture. With shrinking funds, publicly supported research and extension services have not been able to
provide adequate regional or farm-specific information about alternative farming practices. Increasing
production efficiency through the use of off-farm inputs to achieve higher yields has been a dominant objective,
in part because private funds were available to support these efforts.

During the last two decades, research support has increased for biological research, especially in molecular
biology. This work has made possible advances in the understanding of plants and animals at the subcellular
level. During the same period, however, government support for field and applied research and extension in
farming systems has not kept pace with the need, or even with inflation. This applied research and extension is
vital to improving agricultural practices and dealing with agriculture's adverse environmental effects.

State support for research, which tends to emphasize applied research adapted to local crops and field
conditions, is stable, at best, in many states. Land-grant colleges, which receive much of their support from the
states, have had to find other sources of funds (including commodity organizations and agribusiness firms) to
support adaptive field research. Despite some success in securing private industry funding in support of some
applied research on specific products, private funds are rarely provided to support the multidisciplinary research
needed to advance alternative agriculture.

The committee believes that farming systems research promises significant short-and long-term returns.
Inadequate funding, however, has postponed work in several areas, including the development of monitoring
processes and analytical tools, biological control methods, cover crops, alternative animal care systems,
rotations, plant health and nutrition, and many others. Without increased funding and a change in the
intradisciplinary orientation in the tenure and promotion systems of major research universities, farming systems
research and extension will remain limited, and progress toward alternatives will be much slower than otherwise
possible.

There is inadequate scientific knowledge of economic, environmental, and social costs and thresholds for pest
damage, soil erosion, water contamination, and other environmental consequences of agricultural practices. Such
knowledge is needed to inform farm managers of the tradeoffs between on-farm practices and off-farm
consequences.
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Farmers are told too little about the ecological, biological, and economic relationships associated with the
use of agricultural chemicals. Farmers generally follow the guidelines offered by the input manufacturers, but
these typically do not explain alternatives or the many conditions that may reduce the need for a pesticide or a
fertilizer. Farmers receive little guidance in evaluating the economics of input use with respect to shifts in the
market price for a commodity or those inputs. Eradicating as many pests as possible, for example, is rarely the
most economical option and often ignores the long-range impact of pesticides on the environment. When
fertilizer costs are low, higher per acre nitrogen fertilizer applications may seem like a prudent investment.
Applications in excess of need, however, are not completely used by crops and can aggravate water quality
problems.

Many agricultural practices have an off-farm impact on society and the environment. Common agricultural
practices have degraded surface water quality, and, to a lesser degree, groundwater quality in most major
farming regions. In recent years, state and federal agencies have recognized that off-farm costs of certain
agricultural practices must be reduced, especially the costs associated with some pesticides, tillage methods, and
excessively high rates of manure and nitrogen fertilizer application. But methods and models for measuring the
costs and benefits of conventional and alternative farming practices are simplistic. Moreover, many policy goals,
such as conserving soil and increasing exports, are often at odds. Farmers need guidance and management tools
to balance stewardship and production objectives. To help farmers make these choices, reliable cost-benefit
comparisons between conventional and alternative systems are needed. Developing improved information and
techniques for calculating on-and off-farm costs, benefits, and tradeoffs inherent in different farming systems
and technologies must be a priority.

Research at private and public institutions should give higher priority to development and use of biological and
genetic resources to reduce the use of chemicals, particularly those that threaten human health and the environment.

Genetic research has greatly increased the productivity of plants and animals in agriculture. Conventional
plant breeding research such as hybridization has produced many crop cultivars that are naturally resistant to
various diseases and insects. Genetic engineering techniques such as gene transfer mediated by bacteria and
viruses and direct transfer methods promise further improvements.

Financial incentives exist for the development of crop cultivars that produce higher yields. But there is less
incentive and more risk for private industry to produce cultivars designed to reduce input use and make various
alternative farming practices more feasible and profitable. Thus, the federal government must increase its support
for this type of research.

Examples of genetically engineered products that could reduce the need
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for purchased inputs include legumes and bacteria that more effectively fix nitrogen, diagnostic tools and
preventative measures for major infectious animal diseases, crop cultivars with genetic resistance to insects and
other pests, and enhancement of the allelopathic capability of crops to suppress weeds. In these areas, genetic
research could greatly reduce pesticide use, increase the profitability of legumes and cover crops in crop
rotations, and lessen chemical levels in the food supply and the environment. While it is too early to tell how
biotechnology will influence agriculture, the committee believes that biotechnology has much to offer farmers
looking to adopt alternative production practices.

Greater support for research on biological controls and improved plant nutrition is also needed. Research on
and implementation of biological control lags far behind total support for other pest control methods, even
though several important pests remain difficult or costly to control by current methods. Better understanding of
the role of plant nutrition and health in resisting pests, utilizing available soil nutrients, and improving yields
could be of great benefit to farmers. Greater public support is needed, however, to support research designed
specifically to achieve these goals and reduce input costs and the environmental consequences of current
practices.

Recommendations

Farm and Environmental Policy

A variety of farm programs and policies have had a profound, continuing influence on U.S. agriculture.
Over the years, policies have had intended and unintended effects. One important unintended effect is the variety
of financial penalties that farmers must overcome when adopting alternative and resource-conserving production
practices. These include the potential loss of farm program subsidies, the inability of publicly supported research
institutions to provide information on alternative farming systems, and the way current policies tolerate external
environmental and public health costs associated with contemporary production practices. Many changes in
commodity and regulatory policies will be required to neutralize their bias against the adoption of alternative
farming systems.

Federal commodity programs must be restructured to help farmers realize the full benefits of the productivity gains
possible through many alternative practices. These practices include wider adoption of rotations with legumes and
nonleguminous crops, the continued use of improved cultivans, IPM and biological pest control, disease-resistant
livestock, improved farm machinery, lower-cost management strategies that use fewer off-farm and synthetic
chemical inputs, and a host of alternative technologies and management systems.

A number of government policies and programs have strongly encouraged
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farmers to specialize and deterred them from adopting diversified farming practices. This is particularly true for
farmers growing major commodities covered by price support programs. In many regions, the need to retain
eligibility for future government program payments has become more important than the inherent efficiency or
immediate profitability of a production system in the absence of government program payments.

The committee recommends that a primary goal of commodity program reform be the removal of the
existing disincentives to alternative farming practices. This step would ensure that farmers who employ crop
rotations and recommended resource conservation practices are not deprived of farm income support. For the
Congress, this means that

» Existing commodity programs, if retained, should be revised to eliminate penalties for farmers adopting
rotations. These revisions should allow more flexibility in substituting or adjusting base acreage
allotments to accommodate crop rotations, acceptance of forage crops in rotations as satisfying set-aside
requirements, and harvesting or grazing of forage crops grown during such rotations;

* Mandatory production controls, if enacted, should not require land retirement for participation because
this discourages crop rotations. Farmers should be free to decide how to produce the allotted level of
output over a 2- to 5-year period; and

* Decoupling of income support from crop production, if enacted, should ensure that all farming systems
and rotations are treated equitably.

Despite five decades of federally supported soil conservation programs, soil erosion and water quality
deterioration continue. Agricultural and conservation policies have not consistently supported the stewardship of
natural resources. This inconsistency among policies should be changed. The committee recommends that

Provisions in the Food Security Act of 1985 designed to protect erodible lands and wetlands must be fully and
fairly implemented.

Future farm programs should offer no new incentives to manage these and other fragile lands in a way that impairs
environmental quality.

Surface water and groundwater quality monitoring must be more systematic and coupled with educational and
regulatory policies that prevent future water contamination.

Cost-effective water quality protection provisions must be incorporated into existing conservation and commodity
programs.

Regulations that require farmers to maintain soil and water conservation
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practices and structures installed with government technical or financial assistance must be enforced.
Adjustments in regional cropping patterns must be facilitated when such changes are necessary in order to make
progress toward profitable and environmentally sustainable production systems.

Procedures for review and approval of the safety of existing and new agricultural chemicals and other
agents used in production agriculture must be implemented to achieve more rapid progress toward safer working
conditions, improved environmental quality, and reduced chemical residues in foods and water.

Existing policies permit pesticides with known risks to human health but approved years ago under less
stringent criteria to remain in use, while new effective and safer substitutes are sometimes kept off the market by
the regulatory approval process. Regulating Pesticides in Food: The Delaney Paradox, a report of the National
Research Council published in 1987, presents detailed recommendations for a consistent policy for regulating
dietary exposure to pesticides.

A set of guidelines for assessing the benefits of pesticides under regulatory review should be developed. This
procedure must include a definition of beneficiaries as well as an assessment of the costs and benefits of other
available pest control alternatives. Benefits of control methods must be assessed as they accrue to growers,
consumers, taxpayers, the public health, and the environment. As a basic rule, the benefits of any pest control
method should be characterized as the difference between its benefits and those of the next best alternative, which
may involve an alternative cropping system that requires little or no pesticide use. The dollar costs of the health and
environmental consequences of each pest control method should be weighed against its benefits.

Public information efforts should explain to consumers the relationship of appearance to food quality and safety.
Alternate means of controlling the supply and price of fruits and vegetables should be developed. Cosmetic and
grading standards should be revised to emphasize the safety of food deemphasize appearance and other secondary
criteria.

Federally approved grading standards and marketing orders for fruits and vegetables usually allow few
surface blemishes on fresh produce or extremely low levels of insect parts in processed food. Consequently,
farmers
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use more pesticides to meet these standards and guarantee receipt of a top price. This increases worker exposure
to pesticides and may result in increased food residues. Cosmetic standards, however, often have no relation to
nutritional quality, flavor, or food safety. Furthermore, these standards discourage alternative pest control
practices that may not be as effective in meeting their rigid criteria.

Research and Development

Exploring the interactions and integration of agricultural practices is vital to the understanding and
development of alternative farming systems. Investigation must begin with on-farm studies that address
relationships among practices that supply nutrients, conserve soil and water, control pests, and sustain livestock
health and productivity.

Long-term monitoring of commercial farms using alternative methods must be added to farm management
record studies to evaluate the environmental, agronomic, and economic effects and viability of specific
alternative farming of policies and management decisions on resource conservation, environmental integrity,
farm worker health, food safety, and economic sustainability.

The committee recommends the following strategy to encourage research and development in support of
alternative farming practices:

Develop a regional, multidisciplinary, long-term research, demonstration, and extension program such as that
initiated by the USDA's low-input sustainable agriculture (LISA) initiative. This program should focus on
alternative farming practices and systems tailored for each region's major types of crop and livestock operations.

The research program must include on-farm studies of farming systems, with participating farmers
cooperating with researchers and extension personnel in conducting field tests and demonstrations. The program
should establish at least six research and demonstration farm sites in each of the four Cooperative State Research
Service (CSRS) administrative regions. Within each region, grants from between $100,000 and $1 million would
support research at each site. State agricultural experiment stations would manage or coordinate farm site
research.

In addition, centers for sustainable or alternative agriculture should be instituted in these four CSRS
regions. These centers would establish a network of physical, chemical, biological, and social scientists from
government, academia, and foundations. In cooperation with participating farms, these centers would determine
and oversee the research agenda of the research and demonstration farms.
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Substantial annual funding—at least $40 million—should be allocated for alternative farming research. The USDA
should distribute the money through its competitive grants program to scientists from universities, private research
institutions, foundations, and industry.

A new competitive grants program is essential to accelerate work in support of alternative agriculture. New
funding should give priority to basic and applied multidisciplinary research involving scientists at public and
private universities and private research institutions and foundations. The specific research areas for an expanded
competitive grants program should include biological, genetic, and ecological research priorities and social
science research objectives focusing on the economic performance and consequences of alternative systems.
Priorities for the competitive grants programs are:

* Nutrient cycling research to assess plant nutrient availability and increase the efficiency of nutrient use;
establishment of economically and environmentally optimum levels and methods of fertilization with
emphasis on leguminous crops; identification of points in the nutrient cycle where nutrients are lost;
exploration of how the efficiency of nutrient uptake is affected by the source of nutrients, plant health,
and plant cultivars; and evaluation of the role of soil structure, tilth, and soil biota in plant nutrient use
and availability.

* Analysis of the effect of alternative tillage systems on weed and erosion control, nutrient availability,
fertilizer and pest control needs, cultivation costs, and compatibility with leguminous and
nonleguminous cover crops and specific soils.

* Development of new pest management strategies that take advantage of cultural practices; rotations;
allelopathy; beneficial insest, parasite, and pathogen species; and other biological and genetic pest
control mechanisms.

* Analysis of the effect of crop rotations, including leguminous forages, on plant vigor; disease, insect,
and weed damage; allelopathy; soil microorganisms; nutrient levels; and the effectiveness of strip
intercropping, overseeding, and relay cropping.

* Development of improved crop and livestock species' resistance to diseases and pests through genetic
engineering or classical breeding techniques.

* Development and modification of farm equipment to meet the needs of alternative farming practices and
development of better processing and handling systems for plant residues, animal wastes, and other
biomass to recycle plant nutrients into the soil.

* Research on the economics of alternative agricultural systems to determine their effect on net return to
the farm family; per unit production costs; the profitability of conventional versus alternative systems
with reduction or elimination of government support; the effect of alternative
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agricultural on labor demand, supply, and rural development; and the influence of widespread adoption
of alternative systems on U.S. agriculture's competitiveness in international markets.

* Development of computer software and systems to aid farmers in the management and decision making
needed to adopt alternative systems.

Economics and Markets

Data bases and economic research on the profitability of alternative farming systems are minimal.
Meaningful research on the effect of these systems on the international competitiveness of U.S. agriculture is not
available. The results of most studies to date are not relevant. They often compare the performance of
conventional production systems that differ primarily in the level of inputs applied per acre. They do not
compare conventional systems with successful alternative systems. An objective assessment of the macro-
economic impacts of widespread adoption of highly productive alternative farming practices has not been
undertaken.

Recent economic studies of IPM demonstrate its profitability. However, studies also highlight the fact that
IPM requires continuous refinement as new crop production methods are adopted or when new pests become
established. IPM systems can also change as old pests develop resistance to pesticides, regulations are imposed,
and prices paid and received by farmers fluctuate. Studies of the economics of whole-farm systems, once
common in farm management research and extension, are now rare, and the necessary data bases are seriously
neglected in all but a handful of states, crops, and enterprise types.

Compared with conventional systems, alternative farming systems usually require new management skills
along with greater reliance on skilled and unskilled labor. How these demands will affect net income and rural
economies, however, is not known and is difficult to predict. The committee's case studies and review of
available data illustrate that alternative farming is often profitable, but the sample is too small and
unrepresentative to justify conclusions about the precise economic effects of widespread adoption of specific
practices or systems. The goal of sustaining a viable operation during transition from conventional to alternative
farming also deserves more study.

The aggregate, health-related, and environmental costs and benefits to society of alternative farming
practices must be documented more fully. More reliable estimates are needed of the long-term costs of soil
erosion, water pollution, human exposure to pesticides, certain animal health care practices, and other off-farm
consequences.

The committee recommends that

More resources should be allocated to collect and disseminate data on yields, profits, labor requirements, human
health risks, threats to
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water quality, and other environmental hazards of conventional and alternative farming practices within a given
region. These data will help policymakers and farmers make more informed choices.

Research should be undertaken to predict the long-term impacts of various levels of adoption of alternative farming
practices on the total production and prices of various agricultural commodities; use and prices of various farm
inputs; international trade; employment, economic development, and incomes of various categories of farmers; and
the overall structure of agriculture and viability of rural communities.

Research should be expanded on consumer attitudes toward paying slightly higher prices for foods with lower or no
pesticide residues, even though such foods may not meet contemporary standards for appearance.

The Future of Alternative Farming

Current scientific, technological, economic, social, and environmental trends are causing farmers to
reconsider their practices and look for alternatives. Many farmers are turning to farming practices that reduce
purchased off-farm input costs and the potential for environmental damage through more intensive management
and efficient use of natural and biological resources.

The success of some of these farmers indicates that these alternative farming practices hold promise for
many other farmers and potentially significant benefits for the nation. How fast and how far this transformation
of U.S. agriculture will go depends on economic opportunities and incentives, which are shaped by farm policies,
market forces, research priorities, and the importance society places on achieving environmental goals.

Government policies that discourage the adoption of alternative practices must be reformed. Information
about alternative practices and new policies to encourage their wider adoption must be disseminated effectively
to farmers. Experimentation must provide the basic physical, biological, and economic understanding of
agroecosystems on which alternative practices and systems are built.

Ultimately, farmers will be the ones to decide. However, significant adoption of alternative practices will
not occur until economic incentives change. This change will require fundamental reforms in agricultural
programs and policies. Regulatory policy may play a role, particularly in raising the cost of conventional
practices to reflect more closely their full social and environmental costs. On-farm research will have to be
increased and directed toward systems that achieve the multiple goals of profitability, continued productivity,
and environmental safety. Farmers will also have to acquire the new knowledge and management skills
necessary to implement successful alternative practices. If these conditions are met, today's alternative farming
practices could become tomorrow's conventional practices, with significant benefits for farmers, the economy,
and the environment.
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1

Agriculture and the Economy

ONE OF THE STRENGTHS OF U.S. AGRICULTURE is the willingness of farmers to adopt proven alternatives. This
constant evolution and adoption of new practices has helped the United States become a global leader in
agricultural research, technology, and production. Many of today's common practices were the alternative
practices of the postwar era. One example is monocultural production, which synthetic chemical fertilizers and
pesticides made possible. The widespread adoption of these alternatives, referred to internationally as the "Green
Revolution," led to dramatic increases in per acre yield and overall agricultural production in the United States
and many other countries.

The historical pattern is clear: today's alternatives are tomorrow's conventions. The committee believes that
this is true for many of the agricultural alternatives described in this report. For example, some farming systems
—such as corn and soybean production using ridge tillage, rotations, and mechanical cultivation—include new
and old practices and satisfy this committee's definition of alternative agriculture (see the boxed article,
"Definition of Alternative Agriculture"). Nonetheless, much can be done to improve most production systems
and to accelerate the widespread adoption of farming methods specifically designed to achieve the goals listed.

This chapter describes the changes in agriculture that have taken place over the past 40 years in terms of
technology and input use, a range of federal government programs, the economy, and international trade.

Since the 1940s, agriculture has become more specialized and dependent on purchased off-farm inputs.
Technology has facilitated specialization and constantly increasing yields, with fewer larger farms producing
more food than ever before. Federal policy has responded to the farmer's needs in the context of conflicting
signals such as high per acre yield goals, surplus
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production capacity, environmental considerations, and increased foreign competition. Although there has been
some improvement in the farm economy since the recession of the mid-1980s, unprecedented levels of federal
government support have financed much of this recovery. Disparities remain in productive capacities, income,
and regional rural economies, even though total net farm income has reached record levels.

Farming is at the center of the food and fiber sector of the economy. Farmers are the sole consumers of
agricultural inputs and the principal producers of the crops that support the multibillion dollar food and fiber
industry. The production, processing, and sale of food and fiber currently represent about 17.5 percent of the
gross national product (GNP) or about $700 billion in economic activity (Figure 1-1), the second largest sector of

700 -
Total food and fiber sector
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Al other food-related services
500 Eating out
= 400
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g:‘} Transponation, trade and retailing
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Figure 1-1

Food and fiber sector of the U.S. GNP.
SOURCE: U.S. Department of Agriculture. 1987. Measuring the Size of the U.S. Food and Fiber System.
Agricultural Economic Report No. 566. Economic Research Service. Washington, D.C.
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GNP next to manufacturing (U.S. Department of Agriculture, 1987f) (Figure 1-2). Farming, however, accounts
for only about 2 percent of total GNP; inputs such as seed, equipment, and chemicals account for another 2
percent; and processing, marketing, and retail sales account for nearly 14 percent (U.S. Department of
Agriculture, 1986¢).

DEFINITION OF ALTERNATIVE AGRICULTURE

Alternative agriculture is any system of food or fiber production that systematically pursues the following goals:

. More thorough incorporation of natural processes such as nutrient cycles, nitrogen fixation, and pest-
predator relationships into the agricultural production process;

. Reduction in the use of off-farm inputs with the greatest potential to harm the environment or the health
of farmers and consumers;

3 Greater productive use of the biological and genetic potential of plant and animal species;

. Improvement of the match between cropping patterns and the productive potential and physical
limitations of agricultural lands to ensure long-term sustainability of current production levels; and

3 Profitable and efficient production with emphasis on improved farm management and conservation of
soil, water, energy, and biological resources.

TRADE

Exports of agricultural commodities exploded during the 1970s, from about $7.3 billion in 1970 to $43.3
billion in 1981. Five major crops led the way: corn, cotton, rice, soybeans, and wheat (Figure 1-3). By 1981 the
United States controlled 39 percent of total world agricultural trade and more than 70 percent of world trade in
coarse grains, greater than 10 times the share of its nearest competitor, Argentina. During the 1970s, harvested
wheat acreage increased by more than the total harvested wheat acreage of Canada (U.S. Department of
Agriculture, 1986a; U.S. Office of Technology Assessment, 1986a). Economic growth in developing nations, the
opening of Pacific Rim markets, grain trade with the Soviet Union, and a favorable exchange rate that fueled
increased demand made this growth possible. A deliberate domestic policy designed to remove production
controls helped the United States profit from these favorable conditions. The expansion of cultivated acres of
wheat and feed grains, favorable tax provisions and market prices, and readily available credit helped increase
the domestic supply of major commodities such as wheat, soybeans, corn, and other coarse grains. Agriculture
maintained a favorable annual trade balance,
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while almost all other sectors of the economy experienced growing deficits (Figure 1-4).

Manufacturing
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Figure 1-2

GNP by sector, 1985. Food and fiber sector includes farm sector; food processing; manufacturing; transportation,
trade, and retailing; food; and all other nonfarm sectors.

SOURCE: U.S. Department of Commerce. 1987. Survey of Current Business. Washington, D.C.

From 1981 to 1986, many factors contributed to a decline in agricultural exports. The loan rates in the
federal commodity programs (the price that the government guarantees farmers) were rigidly set well above
international market prices. This meant that most farmers sold their grain to the government at the loan rate (in
practice many turn over their grain for forgiveness of the loan), instead of on the domestic or international market,

(0]
(2]
©
o
o
5
(0]
2
=
(0]
(2]
£
>
T
8
C
[0
o
Q
[&]
[v]
C
[0}
[0
Ke)
[0
>
[0]
c
>
(0]
€
[2]
2
o
o
=
(0]
XS]
<
Q.
[0
©
()]
o
o
>
=
(0]
=
o
[2]
o
C
(]
=l
(0]
£
©
I
(0]
o
[0}
Ke)
-
[e]
c
C
(]
o
2
[0
>
[}
2
o
<
-
C
=
(]
€
£
Re]
ge)
=
[$]
[0}
Q.
P
[®)]
C
=
(0]
(%]
[0
o
>
=
-
(0]
L
<
(o]
ie)
C
]
@
2
>
=
2]
()]
£
©
[33]
[0
Ny
g
x
[43]
(0]
o
o
©
o
o
2
-
<
S
[®)]
c
K9]
[0
£
)
£
o
2
o
(0]
<
£
o
el

)
>
=
=
o
2
©
]
X
©
i}
ot
Ke)
)
o))
©
o
%)
Q
=
()]
£
=
[}
[}
O
o
>
2
©
£
R
c
e}
i}
<
=
£
o
o
=
=
e}
C
2
[}
o
a
C
o}
o
©
a
©
£
2
=
o
[}
e
=
€
o
2
=
e
o}
2
©
i}
ot
e}
[%2]
Q
=
|
=
X
IS
o
2
=
e
@
[}
o
Q.
€
e}
[&]
i}
ot
c .
c
=)
» B3
© =
< 8=
X ©
— [
€58
— c
© Ke]
g) )
2 o
B >
o
Qv >
£ =
- >8
5@3
c
K] £
E— >
© ©
C
g 22
w -—
o 7]
s ©
O c
g CR e
ITo%g
D o
Sty
2 o
4o
2 5E
2%
.s c
Q Ke]
= 2
o
g2
o cE
» =
2 S
56 g
5 =
3% 8
< >

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1208.html

()
>
2
=
]
)
©
]
X
®©
(0]
o
Q0
(0]
(o))
©
o
@
o
2
()]
£
=
(O]
(2]
(]
o
>
Z
w
£
=
g
(o]
(0]
<
£
£
[e]
S
£
=
o
C
<
o
o
Ke)
-
[0}
Q.
©
(o8
w
£
k=)
g
o
(0]
K
<
£
(@]
=
e
]
o
(3]
(0]
o
o
[%2]
Q
2
-
=
<
£
(@]
=
e
]
[72]
o
Q.
£
(o]
[&]
(]
o
C
]
(3]
Ke)
2]
©
<
-
=
o
2
a
£
>
g
(o]
(0]
E
=z
(@]
[
k)
2
©
o
[
(O]
(2]
0]
o
Q.
0]
]
=
=
=
©
2
(0]
[
@
o
'_
s
2
[T
[a)
o
@
e
<
=
>
o
Q
<

[0
(2]
©
o
o
°
O
€
[0}
(2]
£
>
©
Io!
C
(0]
°
Q
[&]
@®@
C
[0]
[0}
o]
(]
>
®
c
>
@®
IS
[2]
2
]
o
£
(0]
Q
<
Q
[
o
D
o
Qo
>
2
[0]
IS
[e]
[2]
©
C
@®©
5
(0]
£
©
&
[0
o
(0]
Ke)
-
o
c
C
®
o
=
(]
>
[]
3
o
<
&
C
£
@®
IS
£
e
L
=
[$]
(]
Q.
@
D
C
£
[0}
(%]
[0
(o}
>
2
o
(0]
L
£
o
©
C
@®©
o
k]
>
=
2]
D
£
©
@®
(0]
Ny
)
x
[
]
o
o
e
2
o
s
5
<
S
D
c
K9]
(0]
£
©
£
2
=
(]
(0]
<
S
[e]
Ie]

o
iel
=
=1
o
=
£
©
=
<}
Rel
c
kel
7]
&2
o
>
o
=
E=
©
I
i
e}
<
S
=1
®©
[0}
<
=
»
©
o
hel
=
T
Rl
s}
>
a
k2
<=
S
b
s}
c
kel
7]
&2
o
>
=
c
=
S
©
<
£
©
%}
S

AGRICULTURE AND THE ECONOMY

29

[ \
o / ~L
a\ / I\ /
6 \
-
E
0w
:
o T
o
3 =
;o
s L ’.r "'«.\ K \\‘
- N \
- W
COTTON =7 A Yoo
g s / v f
1 9 d P ﬁ-h"-u‘f . v
P, _‘f"“(' i RICE
-—lqg'n—h._‘_
S N S NN N I I N U NN G S (N N N R N |
1968 1970 1972 1974 1976 1978 1980 1882 1984 19861987
FISCAL YEAR
Figure 1-3

Value of selected agricultural exports.

SOURCES: U.S. Department of Agriculture. 1983. Foreign Agricultural Trade of the United States—Annual
Supplement—Fiscal Year 1982. Economic Research Service. Washington, D.C.; U.S. Department of Agriculture.
1987. Foreign Agricultural Trade of the United States—Annual Supplement—Fiscal Year 1986. Economic
Research Service. Washington, D.C.; U.S. Department of Agriculture. 1988. Foreign Agricultural Trade of the

United States: November/December 1987. Economic Research Service. Washington, D.C.
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where prices were lower. The U.S. government ended up buying and storing the largest domestic grain
surpluses in history. To compound this, the early 1980s brought global recession, increased production capacity
in developing countries, an overvalued dollar, restrictive import policies and export subsidies by major
competitors, foreign debt, and surpluses in major commodities. Agricultural exports fell from $43 billion in 1981
to about $26 billion in 1986 (Figure 1-5).
In 1987, the volume of agricultural exports increased for the first time in 7 years (Figure 1-6). The increase
was largely due to a decline in the value of the dollar, falling world market prices, reduction in federal program
loan rates, and implementation of the export programs of the Food Security Act of 1985 (U.S. Congress, 1985).
Export programs designed to counter foreign subsidies, guarantee credit, and promote products accounted for 60
to 70 percent of wheat exports, greater than half of the vegetable oil exports, and about 40 percent of all rice
exports in fiscal year (FY) 1987. Most feed grain and cotton exports were made outside these export programs
(U.S. Department of Agriculture, 1988b). The value of agricultural exports, however,

60 —

Agricultural exports
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Agricultural rade balance

-30 = Tolal trade balance

Nenagriculiural trade balance
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Figure 1-4

U.S. agricultural export trends and foreign trade balances.

SOURCES: U.S. Department of Agriculture. 1988. 1988 Agricultural Chartbook. Agriculture Handbook No. 673.
Washington, D.C.; U.S. Department of Agriculture. 1988. The U.S. Farm Sector: How Agricultural Exports are
Shaping Rural Economics in the 1980's. Agricultural Information Bulletin 541. Economic Research Service.
Washington, D.C.
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Figure 1-5

Value of U.S. agricultural exports by commodity.

SOURCE: U.S. Department of Agriculture. 1988. 1988 Agricultural Chartbook. Agriculture Handbook No. 673.
Washington, D.C.
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Figure 1-6

Volume of U.S. agricultural exports by commodity.

SOURCE: U.S. Department of Agriculture. 1988. 1988 Agricultural Chartbook. Agriculture Handbook No. 673.
Washington, D.C.
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increased only 7 percent, from $26 billion to about $28 billion in 1987. Exports are expected to continue to
increase to around $33 billion in 1988. Imports, which have increased steadily since 1972, are expected to
remain constant at about $20 billion, resulting in an increase in the agricultural trade surplus to about $13 billion
in 1988 (Figure 1-7).
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Figure 1-7

Agricultural exports, imports, and trade balance. figures of 1988 are forecast.

SOURCES: U.S. Department of Agriculture. 1987. National Food Review. The U.S. Food System—From
Production to Consumption. NFR-37. Economic Research Service. Washington, D.C.; U.S. Department of
Agriculture. 1988. 1988 Agricultural Chartbook. Agriculture Handbook No. 673. Washington, D.C.

AGRICULTURAL INDUSTRIES

Mechanization and specialization increases, declining use of labor, and closer links with the input and
output industries have characterized U.S. agriculture since World War II. Agricultural productivity measured as
output per unit of labor has surpassed that of the nonfarm business sector for more than a decade (Figure 1-8).
Adjusted for inflation, inputs purchased to produce farm output have increased from approximately $50 billion in
the early 1960s to over $80 billion in the early 1980s. At no other time in U.S. history have agricultural products
generated more income after they
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leave the farm. During the same period, economic activity in these industries rose from approximately $235
billion to about $450 billion (U.S. Department of Agriculture, 1986e).

Twenty-one million people were employed in the food and fiber economy in 1985, down from 24.5 million
people in 1947 (Figure 1-9). But as a percentage of the total work force, 41 percent in 1947 were employed in
the food and fiber industry compared to 18.5 percent in 1985. Increases in employment in other sectors of the
economy were largely responsible for this drop. The percentage of those in the food and fiber sectors working
off the farm increased from about 60 percent in 1947 to nearly 90 percent in 1985. During the same period, the
size of the work force involved in farming fell from about 17 percent, or 10 million workers, to about 2 percent,
or 2.5 million workers (U.S. Department of Agriculture, 1987g).

The number of farmers has declined while the total U.S. population has increased from 151.3 million in
1950 to 226.5 million in 1980. The population of employed workers increased from 56.2 million in 1950 to 97.6
million in
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Figure 1-8

Agricultural productivity measured by output per unit of labor.

SOURCE: U.S. Department of Agriculture. 1987. National Food Review. The U.S. Food System—From
Production to Consumption. NFR-37. Economic Research Service. Washington D.C.
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Figure 1-9

Distribution of food and fiber system employment in the national economy.

SOURCE: U.S. Department of Agriculture. 1987. National Food Review. The U.S. Food System—From
Production to Consumption. NFR-37. Economic Research Service. Washington, D.C.

1980. In contrast, farmers accounted for 6.9 million of all employed workers (or 12.2 percent) in 1950, and
only 2.3 million employed workers (or 2.8 percent) in 1986 (U.S. Department of Agriculture, 1987c). Using
about the same amount of cropland, fewer farmers are feeding an ever-growing population (Figure 1-10). This
has been made possible by great increases in per acre yields resulting from the development and widespread
adoption of fertilizers and synthetic chemical pesticides, improvements in machinery, and high-yielding varieties
of major grain crops. Average yields have increased 2 percent per acre annually since 1948 (U.S. Department of
Agriculture, 1986b). Average yields per acre of corn, soybeans, and wheat increased from 38.2, 21.7, and 16.5
bushels per acre in 1930 to 118, 34.1, and 37.5 bushels per acre in 1985, respectively. Cotton yields increased
from 269 pounds per acre in 1950 to 630 pounds per acre in 1985 (U.S. Department of Agriculture, 1972, 1986d,
1987g). Average annual milk production per cow increased from 5,314 pounds in 1950 to 13,786 pounds in 1987
(California Department of Food and Agriculture, 1958, 1972, 1987). Poultry production rose from about 5
million birds in 1960 to nearly 20 million birds in 1987 (U.S. Department of Agriculture, 1989).

These great increases in yield and production have helped keep the price of food in the United States low as
a percentage of per capita income. Americans spend only about 15 percent of their total personal disposable
income on food. This figure is down from about 16.5 percent 10 years ago, largely because of the relatively rapid
rise in personal income. The percentage of income spent on food varies greatly with income. Families with
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before-tax annual incomes of less than $5,000 spend 49.7 percent of those incomes on food; families with
incomes greater than $40,000 spend 8.7 percent (U.S. Department of Agriculture, 1986g, 1987g). Western
Europeans, in contrast, spent an average of 23.8 percent of household disposable income on food in 1983.
Families in many less-developed countries spend well over 50 percent (U.S. Department of Agriculture, 1986h).
Since 1980, the consumer price index (CPI) for food has risen more slowly than the CPI for all other items (U.S.
Department of Agriculture, 1986g) (Figure 1-11).

ACRES (in millions)

1945 1955 1965 1975 1985
YEAR

Figure 1-10

Cropland harvested since 1945.

SOURCE: U.S. Department of Agriculture. 1988. 1988 Agricultural Chartbook. Agriculture Handbook No. 673.
Washington, D.C.

A decreasing amount of the total spent on food reaches farmers (Figure 1-12). This is a result of two factors:
(1) the increased consumption of prepackaged foods and corresponding costs for processing, packaging,
marketing, and retailing and (2) the increasing percentage of meals consumed away from home. In 1987,
consumers spent about $380 billion for foods produced on farms in the United States (Figure 1-13). Preliminary
1987 data show that farmers received about $90 billion or 25 percent of the $380 billion spent on all food—the
rest went to the food industry (Figure 1-14). As consumers spend more on food, marketers and processors have
gained significant revenue. The financial returns to the farmer have remained roughly constant, but represent a
shrinking piece of a growing pie. Food marketing
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Figure 1-11

Consumer prices for food versus all other consumer goods.

SOURCE: U.S. Department of Agriculture. 1986. Food Cost Review, 1985. Agricultural Economic Report No.
559. Economic Research Service. Washington, D.C.
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Figure 1-12

Index of retail price for a market basket of farm foods and the value received by farmers.

SOURCE: U.S. Department of Agriculture. 1986. Food Cost Review, 1985. Agricultural Economic Report No.
559. Economic Research Service. Washington, D.C.
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direct labor costs represented about 50 percent of the total $260 billion accounted for by the food industry
(U.S. Department of Agriculture, 1986g).

The value received at the farm for food sold in supermarkets and grocery stores declined to about 31 percent
of this total, down from 34 percent in 1984 and 37 percent in 1980. Farmers receive only 16 percent of the total
value of food consumed away from home. Expenditures on food consumed away from home increased from
$84.3 billion in 1980 to $133.3 billion in 1986 (U.S. Department of Agriculture, 1986g).

Inputs

The scientific and technological revolution in agriculture began after World War I and accelerated after
World War II. The first step in this process was the replacement of draft animals and human labor with tractors
and other machinery. This conversion was virtually complete by 1960 and has continued with the introduction of
larger, faster, and more powerful equipment. The power of an average tractor increased from 35 horsepower in
1963 to 60 horsepower in 1983 (U.S. Department of Agriculture, 1986f). Since 1940, the labor required to farm
an acre has declined 75 percent while farm output per acre has doubled. As a result, farm labor is 8 times as
productive. Farming employed 17 percent of the labor force in 1940 and about 2 percent in 1986. In contrast,
employment in farm input industries such as agrochemical production, transportation, food processing, and
machinery manufacturing has grown significantly during this period.

400

Consumer expenditures
\_ 7
300 ;
wo b A / /
Marketing share of consumer expenditures
100 / /

: Farm value

DOLLARS (in billions)

0
1976 1978 1880 1982 1984 1988
YEAR

Figure 1-13

Marketing share of consumer expenditures, farm value, and consumer expenditures for farm foods.

SOURCE: U.S. Department of Agriculture. 1988. 1988 Agricultural Chartbook. Agriculture Handbook No. 673.
Washington, D.C.
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Farm value 25 ¢

Marketing bill:

Packaging &8¢

Transportation 4.5¢
Belore-1ax profits 3¢
Fuel and powear 3.5¢

Depreciation 44

Advertising 4.5¢

Rent 3¢

Interest (net) 2¢
Repairs 1.5¢
Other 7¢

Labor 34¢

Figure 1-14

What a dollar spent on food paid for in 1987.

SOURCE: U.S. Department of Agriculture. 1988. 1988 Agricultural Chartbook. Agriculture Handbook No. 673.
Washington, D.C.

Fertilizers and pesticides currently account for a far greater share of input costs for most major crops than
they did 30 years ago. This is primarily the result of widespread adoption of high-yielding seeds that are more
responsive to fertilizer applications and continuous cropping that has created favorable pest habitats in certain
crops. A number of federal programs and policies have encouraged the use of these seed varieties, specialized
cropping practices, and fertilizer inputs. For many major commodities, fertilizer and pesticide costs far exceed
other variable costs such as seeds and fuel (Figure 1-15). The national average cost of fertilizers and pesticides
for corn production in 1986 was about 55 percent of variable costs and 34 percent of total costs. For soybeans,
the figures were 49 and 25 percent and for wheat, 40 and 23 percent. The increasing use of these inputs has been
associated with significant yield increases in major crops. For alternative systems to be successful and widely
adopted, they must not result in significant overall reductions in yield or profits. The feasibility of alternative
systems is discussed in Chapters 3 and 4 and in the case studies.

Figure 1-15

National average cost of pesticides and fertilizers, seed, and fuel as a percentage of total variable costs and
total variable and fixed costs by major crop, 1986.

SOURCE: U.S. Department of Agriculture. 1987. Economic Indicators of the Farm Sector: Costs of
Production, 1986. ECIFS 6-1. Washington, D.C.
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Fertilizers

Application of the three principal plant nutrients—nitrogen, phosphorus, and potassium—has increased
steadily over the past 40 years. The biggest change has been in the use of nitrogen. Previously, farmers provided
most nitrogen to their crops by rotating corn and small grains with leguminous crops. But as they shifted to
growing nitrogen-responsive varieties of corn continuously or in short rotations with soybeans the demand for
nitrogen has increased. Corn alone accounts for 44 percent of all directly applied fertilizers in agriculture, while
wheat, cotton, and soybeans receive 18 percent combined (U.S. Department of Agriculture, 1987d).

The use of nitrogen, phosphorus, and potassium was roughly equivalent in 1960 at 2.7, 2.5, and 2.1 million
tons, respectively (Figure 1-16). By the peak of annual fertilizer use in 1981 their respective totals were 11.9,
5.4, and 6.3 million tons. Since 1981, the total use of fertilizer has declined to slightly more than 19 million tons.
This reduction primarily reflects the large number of acres currently held out of production by government
programs. Nitrogen fertilizer use on a per acre basis continues to rise or remain steady for most crops
(Figure 1-17).

The increased use of nitrogen fertilizer since 1964 has largely been in corn and wheat (Figure 1-18). These
two crops accounted for 35 percent of all fertilizer use in 1964 and 54 percent in 1985. Fertilizer prices are
sensitive to demand. They increased in the 1970s, peaked in 1981, declined through 1987, and began to increase
in 1988. Total net fertilizer sales rose from $1.6 billion in 1970 to $8.6 billion in 1981, falling to $6.4 billion in
1985 (U.S. Department of Agriculture, 1987b).

Anhydrous ammonia is often applied as a source of nitrogen. The material is stored in liquid form in pressurized
tanks. It is usually released into the soil in 6- to 8-inch deep trenches formed by chisel-type blades. The ammonia
reacts with soil moisture to form the ammonium ion, which is held on the mineral and organic exchange complex.
The blades have been retracted from the soil to demonstrate the release of ammonia.

Credit: Soil Conservation Service, U.S. Department of Agriculture.
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Figure 1-16

Total consumption of primary plant nutrients.

SOURCE: U.S. Department of Agriculture. 1987. Fertilizer Use and Price Statistics, 1960-85. Statistical Bulletin
No. 750. Economic Research Service. Washington, D.C.
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Figure 1-17

Nitrogen application rates per acre on major crops.
SOURCE: U.S. Department of Agriculture. 1987. Fertilizer Use and Price Statistics, 1960-85. Statistical Bulletin
No. 750. Economic Research Service. Washington, D.C.
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Figure 1-18

Total use of nitrogen fertilizer on major crops.

SOURCE: U.S. Department of Agriculture. 1987. Fertilizer Use and Price Statistics, 1960-85. Statistical Bulletin
No. 750. Economic Research Service. Washington, D.C.

The increased use of commercial fertilizer during the last four decades has helped to increase dramatically
the per acre yields of agronomic and horticultural crops. Fertilizers make possible continuous production of
major crops such as corn and wheat, decrease dependence on animal manures and leguminous nitrogen for row-
crop production, and facilitate the substitution of capital for relatively more expensive inputs such as labor and
land, consequently reducing labor and land requirements to produce a unit of a crop. Heavy use of most nitrogen
and some other fertilizers, however, can lead to soil acidification, other changes in soil properties, and offsite
environmental problems. Fertilizers are often overapplied. When this happens, the total amount of plant nutrients
available to growing crops not only exceeds the need or ability of the plant to absorb them but exceeds the
economic optimum as well. Estimates of crop absorption of applied nitrogen range from 25 to 70 percent and
generally vary as a function of plant growth and health and the method and timing of nitrogen application. Crops
are much more likely to make fuller use of properly timed applications of nitrogen. Unused nitrogen can be
immobilized, denitrified, washed into streams or lakes, or leached from the soil into underground water and the
subsoil (Johnson and Wittwer, 1984: Legg and Meisinger, 1982).

Pesticides

The use of synthetic organic pesticides such as dichloro diphenyl trichloroethane (DDT), benzene
hexachloride (BHC), and (2,4-Dichlorophenoxy) acetic acid (2,4-D) began with great expectations in the 1940s.
For the first
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About two-thirds of all insecticides and fungicides are applied aerially; most herbicides in row crops are applied by
spray rigs pulled by tractors. Citrus groves, such as the one shown above, may be aerially treated 10 to 20 times per
season with insecticides, fungicides, and protectant oils. Helicopters are often used because the turbulence from the
main rotor tends to push the pesticides down toward the crop. Fixed-wing aircraft are more commonly used in field
crops such as wheat and cotton. Tractor spray rigs (bottom) are often used to apply herbicides in row crops because
planting, fertilizing, and spraying can be accomplished in one pass through the field.

Credits: U.S. Department of Agriculture (top); John Colwell from Grant Heilman (bottom).
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time, satisfactory control of agricultural pests seemed possible. Substituting lower-priced chemicals for
higher-priced, labor-intensive weed and insect control methods and pest-reducing practices such as rotations
immediately reduced labor needs and increased the effectiveness of control and yields. Ultimately, pesticides
reinforced agricultural trends such as increasing farm size and decreasing diversification.

The total pounds of pesticide active ingredients applied on farms increased 170 percent between 1964 and
1982, while total acres under cultivation remained relatively constant. Herbicide use led the way, from 210
million pounds in 1971 to a peak of 455 million pounds in 1982 (U.S. Department of Agriculture, 1984)
(Figure 1-19). In 1985, 95 percent of the corn and soybean acreage was treated with herbicides, compared to
about 40 percent in 1970. As a percentage of total pesticide pounds applied, herbicides rose from 33 percent in
1966 to 90 percent in 1986 (U.S. Department of Agriculture, 1970, 1986¢; U.S. Environmental Protection
Agency, 1986b). During that time, insecticide use declined while fungicide use held steady. Total pesticide use
has declined from more than 500 million pounds of active ingredients in 1982 to about 430 million pounds in
1987. Land idled from production and the introduction of newer products that are applied at a lower rate per acre
are largely responsible for this decline (U.S. Department of Agriculture, 1988a).

The total dollar value of the domestic agricultural pesticide market is about $4.0 billion. Herbicides
represent the largest share of the market at about $2.5 billion, followed by insecticides at about $1.0 billion, and
fungicides at about $265 million (National Agricultural Chemicals Association, 1987). Because of the size of the
herbicide market and increased understanding of plant physiology and biochemistry, herbicides are the most
dynamic sector of the pesticide industry. A number of new active ingredients were introduced in 1986 and 1987
(Figure 1-20). As a result, the herbicide market is currently highly competitive, particularly for use on corn,
soybeans, wheat, and cotton.

The greatest volume of pesticides is applied to field crops. About 90 percent of all herbicides and
insecticides are applied to just four crops: corn, cotton, soybeans, and wheat (U.S. Department of Agriculture,
1986¢) (Figures 1-21 and 1-22). In 1986, corn alone accounted for 55 percent of all herbicides and 44 percent of
all insecticides used on field crops. Corn replaced cotton as the leader in insecticide use in 1982. Nearly half the
total pounds of pesticides applied in the nation are used in corn production (U.S. Department of Agriculture,
1986¢). Soybeans receive about 25 percent of all herbicides, and cotton about 25 percent of all insecticides.
Insecticides are also widely used in alfalfa, tree fruit, nut, and vegetable production.

Fungicides are primarily used as a seed treatment and to protect fruits and vegetables during production and
after harvest. Fungicide use in peanuts and wheat declined between 1976 and 1986, primarily as a result of
improved varieties and integrated pest management (IPM) systems, although total fungicide use remained steady
(U.S. Department of Agriculture,

Copyright © National Academy of Sciences. All rights reserved.
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Figure 1-19
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Herbicide, insecticide, and fungicide use estimates.

SOURCE: U.S. Department of Agriculture. 1974. Farmers' Use of Pesticides in 1971. Agricultural Economic
Report No. 252. Economic Research Service. Washington, D.C.; U.S. Department of Agriculture. 1978. Farmers'
Use of Pesticides in 1976. Agricultural Economic Report No. 418. Economic Research Service. Washington, D.C.;
U.S. Department of Agriculture. 1983. Inputs—Outlook and Situation Report. IOS-2. Economic Research Service.
Washington, D.C.; U.S. Department of Agriculture. 1984. Inputs—Outlook and Situation Report. I0S-6. Economic
Research Service. Washington, D.C.; U.S. Department of Agriculture. 1987. Agricultural Resources—Inputs—
Situation and Outlook Report. AR-5. Economic Research Service. Washington, D.C.; U.S. Department of
Agriculture. 1988. Agricultural Resources—Inputs—Situation and Outlook Report. AR-9. Economic Research
Service. Washington, D.C.
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1987b). Fungicides now account for less than 10 percent of all pesticides applied in agriculture.

The introduction and acceptance of new fungicides has been relatively slow compared with those of
herbicides and insecticides (see Figure 1-20). Only five fungicides introduced since 1975 have gained more than
5 percent of the market for any major food crop. Target pests tend to develop resistance to most new, more
specific fungicides. Consequently, these fungicides work best in combination with older broad-spectrum
substances. This is particularly true in humid areas with great pest pressure such as the South and East. In these

regions, current methods of production would not be possible without chemical fungicides.

The adoption of IPM strategies and the increased use of synthetic pyrethroid insecticides, which are applied
at about one-tenth to one-fourth the rate of traditional insecticides, have significantly reduced the total pounds of
insecticides applied. This decreased use is particularly true for certain crops. Reductions in insecticide use are

mainly derived from IPM programs

NUMBER REGISTERED

Figure 1-20
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Number of herbicides, insecticides, and fungicides registered under FIFRA, 1973-1987.
SOURCE: U.S. Environmental Protection Agency. 1988. Chemicals Registered for the First Time as Pesticidal
Active Ingredients under FIFRA (including 2 (C)(7)(A) Registrations). Washington, D.C.
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Figure 1-21

Herbicide use estimates on corn, cotton, soybeans, and wheat.

SOURCES: U.S. Department of Agriculture. 1974. Farmers' Use of Pesticides in 1971. Agricultural Economic
Report No. 252. Economic Research Service. Washington, D.C.; U.S. Department of Agriculture. 1978. Farmers'
Use of Pesticides in 1976. Agricultural Economic Report No. 418. Economic Research Service. Washington, D.C.;
U.S. Department of Agriculture. 1983. Inputs—Outlook and Situation Report. IOS-2. Economic Research Service.
Washington, D.C.; U.S. Department of Agriculture. 1984. Inputs—Outlook and Situation Report. I0S-6. Economic
Research Service. Washington, D.C.; U.S. Department of Agriculture. 1987. Agricultural Resources—Inputs—
Situation and Outlook Report. AR-5. Economic Research Service. Washington, D.C.; U.S. Department of
Agriculture. 1988. Agricultural Resources—Inputs—Situation and Outlook Report. AR-9. Economic Research
Service. Washington, D.C.
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Figure 1-22

Insecticide use estimates on corn, cotton, soybeans, and wheat.

SOURCES: U.S. Department of Agriculture. 1974. Farmers' Use of Pesticides in 1971. Agricultural Economic
Report No. 252. Economic Research Service. Washington, D.C.; U.S. Department of Agriculture. 1978. Farmers'
Use of Pesticides in 1976. Agricultural Economic Report No. 418. Economic Research Service. Washington, D.C.;
U.S. Department of Agriculture. 1983. Inputs—Outlook and Situation Report. IOS-2. Economic Research Service.
Washington, D.C.; U.S. Department of Agriculture. 1984. Inputs—Outlook and Situation Report. I0S-6. Economic
Research Service. Washington, D.C.; U.S. Department of Agriculture. 1987. Agricultural Resources—Inputs—
Situation and Outlook Report. AR-5. Economic Research Service. Washington, D.C.; U.S. Department of
Agriculture. 1988. Agricultural Resources—Inputs—Situation and Outlook Report. AR-9. Economic Research
Service. Washington, D.C.
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in cotton, alfalfa, peanuts, and apples. Largely because of the success of IPM in cotton, insecticide
applications to field and forage crops declined 45 percent between 1976 and 1982.

Antibiotics

Livestock and poultry producers have used antibiotics in animal production for the past 35 years. Antibiotic
use in agriculture increased from 440,000 pounds in 1953 to 9.9 million pounds in 1985 (Figure 1-23). The most
common agricultural use of these drugs is their subtherapeutic incorporation into animal feed. Use of antibiotics
in animal feed improves the feed efficiency and growth rate of livestock. Approximately 80 percent of the
poultry, 75 percent of the swine, 60 percent of the beef cattle, and 75 percent of the dairy calves raised in the
United States have been fed antibiotics at some time in their lives. About 36 percent of the antibiotics produced
in the United States each year are fed or administered to animals (Hays et al., 1986; Institute of Medicine, 1989).

=]
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Figure 1-23

U.S. antibiotic production and use in animal feed. Only total production was recorded after 1979.

SOURCES: U.S. International Trade Commission. 1987. Synthetic Organic Chemicals: United States Production
and Sales. Washington, D.C.; National Research Council. 1980. The Effects on Human Health of Subtherapeutic
Use of Antimicrobials in Animal Feeds. Washington, D.C.: National Academy Press.
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The routine feeding of antibiotics to control disease has facilitated specialization, the use of feedlots and
confinement facilities, and the concentration of many animals under one manager in a small area (Council for
Agricultural Science and Technology, 1981). While there is disagreement on the necessity of feeding antibiotics
as a simple function of confinement, there is ample documentation that control of diseases more prevalent in
close confinement facilities will increase animal performance (Curtis, 1983). The routine use of feed
antimicrobials in confined animal units is a common practice in most regions.

Concerns that feeding animals subtherapeutic doses of antibiotics could lead to antibiotic-resistant bacteria
led the U.S. Food and Drug Administration (FDA) in 1977 to propose regulations revoking nearly all approved
subtherapeutic uses of penicillin and the most common forms of tetracycline. Final action remains delayed
pending the results and analysis of additional research requested by the Congress (Hays et al., 1986). Results to
date show that food animals appear to be the largest single source of resistant salmonellae, although documented
incidence of the development of resistant strains and their transmission to humans is rare. In the interim,
subtherapeutic feeding of antibiotics has increased (see Figure 1-23). In Europe and Japan, concerns about
overuse and misuse of antibiotics and the potential for bacterial resistance have led to restrictions limiting
antibiotics to use by veterinarians or by prescription. Proposals in the United States to limit drug use to the
discretion of veterinarians have met with opposition from livestock producers and drug manufacturers.

Irrigation

Agriculture accounts for 85 percent of all consumptive use of water, which is use that makes water
unavailable for immediate reuse because of evaporation, transpiration, incorporation into crops or animals, or
return to groundwater or surface water sources. Ninety-four percent of agricultural water is used for irrigation, 2
percent for domestic use, and about 4 percent for livestock. On average, agricultural irrigation used about 138
billion gallons of water per day in 1985. During the growing season this level can exceed 500 billion gallons per
day (U.S. Department of Agriculture, 1987a). From 1950 to 1978, 25 million additional acres came under
irrigation (U.S. Department of Agriculture, 1986b) (Figure 1-24). Total irrigated acreage peaked at slightly more
than 50 million acres in 1978, declining to just under 45 million acres in 1983. Since then, total irrigated acreage
has remained steady, although the composition has changed slightly; irrigated acreage in the West has declined,
while irrigated acreage in the East has increased. Ninety-four percent of all irrigated acres are in 17 western and
3 southeastern states. Total irrigation water withdrawals (the amount of water used for irrigation) declined in
1985 for the first time since 1950 (U.S. Department of Agriculture, 1987a).

Irrigation in some areas makes farming possible; in others it supplements
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rainfall. In all cases the use of irrigation results in higher and more consistent yields than regional and national
average nonirrigated yields (Table 1-1). In many cases the results are dramatic (U.S. Department of Agriculture,
1986b). The 13 percent of cropland that is irrigated accounts for more than 30 percent of the value of crops
produced. The high unit value of many crops produced with irrigation, as well as the high yields for irrigated
grain crops, are responsible for this disparity.
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Figure 1-24

Irrigated agricultural land.

SOURCES: U.S. Department of Agriculture. 1988. 1988 Agricultural Chartbook. Agriculture Handbook No. 673.
Washington, D.C.; U.S. Department of Agriculture. 1986. Agricultural Resources—Cropland, Water, and
Conservation—Situation and Outlook Report. AR-4. Economic Research Service. Washington, D.C.

The use of groundwater for irrigation increased 160 percent from 1945 to 1980. Surface water used for
irrigation increased 50 percent during that time. The rapid expansion of irrigated acreage during the 1970s relied
almost exclusively on the pumping of groundwater. Center pivot irrigation systems, which rely on groundwater,
accounted for the largest increase of irrigated acreage of any irrigation system. These systems were used on 3.4
million acres in 1974 and 9.2 million acres in 1983. Nebraska experienced a 1 million acre increase in center
pivot irrigation between 1974 and 1983 and currently accounts for 51 percent of all irrigated corn acreage (U.S.
Department of Agriculture, 1985¢c, 1987h). Increased pumping costs due to overdrawing of aquifers and
increased energy costs associated with deregulation of natural gas used for pumping in Texas and Oklahoma
have caused the recent decline in irrigated acres. Energy costs for on-farm pumping of groundwater rose 352
percent between 1974 and 1983 (U.S. Department of Agriculture, 1985¢).
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TABLE 1-1 Average Dryland and Irrigated Yields

Crop Dryland Yields® (per acre)  Irrigated Yields® (per acre)  Ratio of Irrigated to Dryland
Yields
Corn for grain (bushels) 106.0 137.0 1.29
Wheat (bushels) 32.0 69.0 2.16
Sorghum for grain (bushels)  54.0 93.0 1.72
Barley (bushels) 48.0 81.0 1.69
Cotton (bales) 0.9 1.7 1.89
Soybeans (bushels) 31.0 36.0 1.16
Potatoes (hundredweight) 83.0 333.0 4.01

2 In the contiguous United States, 1982.

b From 20 principal irrigated states with 95 percent of all irrigated acres, 1984.

SOURCES: U.S. Department of Agriculture. 1986. Agricultural Resources—Cropland, Water, and Conservation—Situation and Outlook
Report. AR-4. Economic Research Service. Washington, D.C.; U.S. Department of Agriculture. 1987. U.S. Irrigation—Extent and Economic
Importance. Agriculture Information Bulletin No. 523. Economic Research Service. Washington, D.C.

By 1984, irrigators obtained roughly equal amounts of water from underground and surface sources. About
44 percent of all irrigation water is from on-farm groundwater pumping, about 12 percent is from on-farm
surface water supplies, and about 44 percent is from off-farm suppliers such as irrigation districts and private
water companies (U.S. Department of Agriculture, 1986b). More than 85 percent of the additional irrigated acres
in the past 30 years has been on land not served by the Bureau of Reclamation. The principal factors behind the
increase in irrigated acres over the past two decades have been private investment stimulated by federal policies,
which have included high commodity support prices, tax incentives that include investment credits and
accelerated depreciation for equipment, water depletion allowances, and cheap credit. During the 1970s, about
80 percent of irrigation investment involved private funds.

Most of the recent increases in irrigation have come in crops supported by the Commodity Credit
Corporation (CCC). Irrigation of these crops, primarily corn and wheat, increased by more than 8 million acres
in the Great Plains between 1954 and 1982. This had a great impact on the production of these crops because
irrigation generally boosts yields from 40 to 100 percent over similar nonirrigated acreage (U.S. Department of
Agriculture, 1986b) (see Table 1-1). Corn and wheat have developed large surpluses in recent years. Increased
productivity on irrigated lands has significantly contributed to these surpluses.
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Federal efforts to reduce production are often hampered by programs or policies that encourage irrigation
and its resulting high per acre yields. Between 1976 and 1985, an average of 3.7 million acres served by the
Bureau of Reclamation were producing crops already in surplus. In 1986, growers producing surplus crops on
the land received more than $200 million in federally subsidized water, in addition to federal income and price
supports (U.S. Congress, 1987).

About 12 percent of all corn and nearly 7 percent of all wheat acres are irrigated (Table 1-2). The yield on
irrigated corn acres is about 29 percent greater than national average dryland yields; for wheat, the yield is 116
percent greater. The 29 percent increase in yield on the 9.6 million irrigated acres of corn produced 298 million
additional bushels of corn compared with national average yields on the same acres. Irrigated wheat acres
produced nearly 170 million bushels over the average yield on the 4.6 million irrigated acres. The difference
between irrigated and nonirrigated yields in regions where irrigation is common is far greater than this. Thus, the
increase in production over actual nonirrigated corn and wheat production in these regions is likely to be higher
than the 298 and 170 million bushel

TABLE 1-2 Harvested Irrigated Cropland and Pastureland,a 1982

Type of Land Irrigated Acreage (in Share (percent) of Crop Share (percent) of Total
thousands) Irrigated Irrigated Acres

Cropland®

Corn 9,604 12.3 19.3

Sorghum 2,295 17.0 4.6

Wheat 4,650 6.6 9.3

Barley and oats 2,098 11.8 4.2

Rice 3,233 100.0 6.5

Cotton 3,424 35.0 6.9

Soybeans 2,321 3.6 4.7

Irish potatoes 812 64.0 1.6

Hay 8,507 15.0 17.1

Vegetables and melons 2,024 60.7 4.1

Orchard crops 3,343 70.4 6.7

Sugar beets 550 53.2 1.1

Other® 2,428 17.9 49

Subtotal? 45,289 13.4 91.0

Pastureland 4,499 0.9 9.0

Total! 49,788 6.1 100.0

2 In the contiguous United States.

Y Cropland is land on farms used for crops.

¢ Includes peanuts; dry tobacco; edible beans; and the minor acreage crops of rye, flax, sunflower, sugarcane, and dry edible peas.

d Figures may not add due to rounding. Irrigated cropland total includes 932,000 acres of double-cropped land.

SOURCE: U.S. Department of Agriculture. 1987. U.S. Irrigation—Extent and Economic Importance. Agriculture Information Bulletin No.
523. Economic Research Service. Washington, D.C.
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figures. In many cases, these acres would not be planted without irrigation. Irrigation, in turn, often would not be
profitable without government tax policies, low-cost credit, and high price supports and income support
payments for these crops.

Irrigation is expected to expand in the East and other areas to supplement rainfall, increase yields, and
reduce yield variability. In the arid West and Great Plains, however, irrigation will probably stabilize or decline
for the remainder of the century because of the cost of water projects and competition with urban users for
supply. Improved management and conservation practices will probably sustain irrigated agriculture in these
areas. But declining commodity prices, changes in the tax code, and the rising demand for other uses of water in
arid areas will curtail new investment in irrigated agriculture in regions where irrigated agriculture flourished in
the past.

THE STRUCTURE OF AGRICULTURE

The total number of farms, which are defined as places with actual or potential sales of agricultural products
of $1,000 or more, declined from 5.9 million in 1945 to slightly more than 2.2 million in 1985 (U.S. Department
of Agriculture, 1987c). It is noteworthy, however, that even in the farm recession of the mid-1980s, the decline
in the number of farms between 1980 and 1986 (a loss of 220,000 farms, or 11 percent of all farms) was far less
than that which occurred in the 1950s (1.6 million farms, or 28 percent of all farms) or the 1960s (960,000 farms,
or 24 percent of all farms) (U.S. Department of Agriculture, 1987c). Total harvested acres have remained
relatively constant at approximately 340 million acres, indicating that average farm size has almost tripled.
Although individuals and their families operate most farms, the growth in average farm size has been largely at
the expense of the small farm with a full-time operator. Fifteen to 20 percent of all farms produce more than 80
percent of all output. Three-quarters of all farm households generate off-farm income.

Increases in farm size have been accompanied and made possible by increased specialization and
substitution of purchased inputs for labor and land. At the end of World War II, most farms in the Midwest,
Great Lakes, Northeast, and parts of the South were diversified crop-livestock operations. High-density animal
confinement was rare. Most farmers produced forage and feed grains for their animals, which required longer
crop rotations and less use of some purchased inputs, particularly fertilizers. Most farmers returned animal
manure to the land. Far fewer insecticides and almost no herbicides were used. Pests were controlled through
rotations, cultivation, and a variety of cultural and biological means.

Cattle and hog production clearly illustrate the relationship among increasing specialization; changing
distribution of farm income among large and small producers and regions; and changing cropping patterns, farm
size, and management techniques. Specialization and the increased use of feedlots and confinement rearing have
made cattle rearing possible
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throughout the nation. Beef cattle and hog production have become concentrated in large enterprises. Although
the Corn Belt accounted for almost 50 percent of cattle feed in 1950, this fell to 22 percent in 1979. Meanwhile,
the Central and Southern Plains and the Southwest increased production from 500 to 1,000 percent.

Most beef cattle are fed or finished in feedlots, where they eat high-energy grain rations. Cattle enter feedlots
between the ages of 7 and 12 months, weighing between 450 and 800 pounds. Most cattle are slaughtered between
the ages of 15 and 24 months, weighing between 1,000 and 1,200 pounds. Low-cost feed grains and consumer
preference for marbled (higher fat) grain-fed beef led to the proliferation of feedlots in the 1960s and 1970s. Large
feedlots offer economies of scale but may also create problems with disease control and manure disposal.

Credit: Grant Heilman.

Part-time beef cattle operations with sales of $20,000 to $100,000 captured 56 percent of the market in
1969, while very large operations with sales greater than $500,000 had only 22 percent of the market
(Figure 1-25). By 1982, the very large operations controlled 62 percent of the market; part-time operations
accounted for only 12 percent (U.S. Office of Technology Assessment, 1986b). Hog production is showing the
same trend. Part-time farm sales went from 61 percent in 1969 to 28 percent in 1982. The share of large and very
large operators increased from about 5 percent to about 40
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Figure 1-25

Percentage of cattle sales by size of operation (in 1969 dollars). Size of operation is determined by annual cattle
sales: small, <$20,000; part-time, $20,000-99,999; moderate, $100,000-199,999; large, = $200,000-499,999; very
large, Z= $500,000+.

SOURCE: Office of Technology Assessment. 1986. Technology, Public Policy, and the Changing Structure of
American Agriculture. Washington, D.C.
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Figure 1-26

Percentage of hog and pig sales by size of operation (in 1969 dollars). Size of operation is determined by annual
hog and pig sales: small, <$20,000; part-time, $20,000-99,999; moderate, $100,000-199,999; large, $200,000—
499,999; very large, ==$500,000+.

SOURCE: Office of Technology Assessment. 1986. Technology, Public Policy, and the Changing Structure of
American Agriculture, Washington, D.C.
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percent of sales during that time (Figure 1-26). The dairy industry's small-farm market share declined from
66 to 41 percent between 1969 and 1982. The commercial broiler industry has moved almost entirely to vertical
integration, with virtually all chickens going from egg to market without changing ownership. The egg and
turkey industries are also moving in this direction.

REGIONAL DISTINCTIONS

The diversity of climatic, environmental, and economic conditions in the United States makes it essential to
look beyond aggregate national agricultural trends and focus on the specifics of various regions. Needs and
problems differ considerably among regions, and any effort to understand U.S. agriculture must address these
differences. Types of farms and management also differ across the nation. The agricultural practices and needs of
the coastal regions and southern parts of the country are quite different from those of the north and west. Dry, hot
areas that depend on irrigation stand in contrast to cooler, more humid regions dependent on rainfall.

The U.S. Department of Agriculture (USDA) has identified nine representative agricultural regions based
on data from the 1980 Census and the 1982 Census of Agriculture (Figure 1-27). Three basic criteria were used
to identify these regions: the commodities produced and the resource base; the percentage of farms with sales
between certain levels; and the degree of agricultural and nonagricultural economic integration. Although these
regions omit large parts of the country, they illustrate important differences among principal agricultural areas.
The USDA identified the following representative regions:

e (California Metro

¢ (Coastal Plains

¢ Core Corn Belt

¢ Delta

* Eastern Highlands

¢ Southeast Piedmont

¢ Western Corn Belt-Northern Plains
¢ Western Great Plains

* Wisconsin-Minnesota Dairy Area

Farm size and average sales per farm vary by region. In the Eastern Highlands, the average farm is 121
acres; on the Great Plains, the average farm is 2,334 acres (Table 1-3). Average annual farm sales are also quite
different, ranging from $13,064 and $35,396, respectively, in the Eastern Highlands and the Southeast Piedmont,
to $94,080 and $167,124, respectively, in the Western Great Plains and the California Metro. In the Core Corn
Belt, the Wisconsin-Minnesota Dairy Area, and the Western Corn Belt-Northern Plains regions, farms reporting
sales of $40,000 to $250,000 account for between 50 and 65 percent of farm sales (Table 1-4). In California, 12
percent of all farms with sales more than $250,000 account for 85 percent of farm sales. At the same time,
however, in California, the greatest percentage of farms have sales between $1,000 and $9,999.
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TABLE 1-3 Diversity of U.S. Farming Regions

Region Average Farm Size Percentage of Farm Average Sales per Farm Income as
(acres) Operators With Full- Farm (dollars) Share of Total
Time, Off-Farm Jobs Income of Farm
Population (percent)

‘Wisconsin-Minnesota 202 28 58,585 354

Dairy Area

Core Corn Belt 294 28 73,944 37.4

Delta 481 29 87,042 29.5

Eastern Highlands 121 46 13,064 15.4

Western Great Plains 2,334 24 94,080 37.8

Western Corn Belt- 622 17 86,111 472

Northern Plains

Coastal Plains 260 37 64,500 20.8

Southeast Piedmont 143 50 35,396 18.0

California Metro 362 41 167,124 25.2

United States 440 38 58,857 27.0

SOURCE: U.S. Department of Agriculture. 1988. Regional Characteristics of U.S. Farms and Farmers in the 1980's. ERS Staff Report No.
AGES880128. Economic Research Service. Washington, D.C.

All regions depend significantly on income from major program crops (those for which federal price and
income support programs exist) or livestock operations that rely on feed grains and oilseeds produced by crop
farms (Table 1-5). Even California has a significant stake in the farm programs. Rice, cotton, wheat, corn, and
dairy farmers in the state account for about 40 percent of gross agricultural income. Some regions depend on one
program commodity, while others are more diversified. Only California shows diversity and moderate
dependence on program crops.

The effect of commodity policy on regional economies, land use patterns, and farm structure is very
different from region to region. These differences are accentuated by the diversity or interdependence of
agricultural operations within regions. For example, the effect of a change in corn prices is quite different
depending on whether a person is a corn producer, a hog farmer who is a corn consumer, or a farmer producing
corn and hogs. The effect of farm policy on the overall regional economy is, in turn, a function of the importance
of agriculture to the region and the nature and scope of agricultural input, food processing and marketing, and
transportation industries.

In no region was the total farm income more than 50 percent of the total income of the farm population (see
Table 1-3). The percentage was the highest in the Western Corn Belt-Northern Plains region at 47.2 percent,
followed by the Western Great Plains at 37.8 percent, the Core Corn Belt at
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37.4 percent, and the Wisconsin-Minnesota Dairy Area at 35.4 percent. These figures do not include income
from rents and interest, which average from 7 to 11 percent for all regions. They also mask the degree to which
individual households within regions rely on income from farming. Approximately 46 percent of all U.S. farm
households derive 50 percent or more of their income from farming. Nonetheless, these figures reflect the
growing importance of off-farm income to the economic well-being of farm families. They indicate that farm
families are like most other families—both adults work. Two of these four regions, the Wisconsin-Minnesota
Dairy Area and the Western Great Plains, as well as the Southeast Piedmont, generate more than 50 percent of
their gross farm income from the sale of one commodity (see Table 1-5). The significance of this dependence is
far less in the Southeast Piedmont region because agriculture is less vital to the regional economy.

The Delta states, on the other hand, appear more diversified but nonetheless remain dependent on federal
commodity programs. Soybeans, for which the government sets a support price or loan rate, and three
commodity program crops—cotton, rice, and wheat—generate more than 85 percent of all agricultural gross
income in the region. Prospective changes in commodity programs and market demand for these crops will
directly affect growers and the region's economy because agricultural input and output industries are significant
sources of income.

The Western Corn Belt-Northern Plains and Core Corn Belt show the direct and indirect influence that farm
policies can have on regions dependent on the farm sector economy. Farmers in these regions derive a large part
of gross farm income from beef cattle, hogs, feed corn, and soybeans. Changes affecting one commodity are felt
across the entire agricultural economy. Higher feed grain prices will increase the average feed prices for
livestock producers, which may influence meat prices and, ultimately, consumer demand. For many producers
who raise crops and livestock, the results will be mixed. Because these regions depend on farming as a principal
source of overall income, the fortunes of the agricultural economy are felt throughout the regional economy. This
was clearly demonstrated in the farm recession of the mid-1980s. Feed grain producers and suppliers of
machinery and inputs to these farmers were stressed; livestock producers benefited from the availability of
relatively inexpensive feed.

By contrast, California farmers are less influenced by federal commodity programs, particularly farmers
specializing in fruit and vegetable production. More than half of California's agricultural gross income is from
non-program crops. These growers, however, are concerned with other federal and state policies affecting the
viability of their operations, including marketing orders, trade policy, food safety regulations, and environmental
policies. Federal cosmetic and grading standards for fruit and vegetables significantly influence pest
management practices. Producers of these specialty high-value crops dominate the California agricultural
economy, generating additional economic activity in the form of processing, packaging, marketing,
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and transportation. As a result of widespread production of high-value crops and significant agriculture-urban
integration, average farm income and per acre value of agricultural land and buildings are high compared to
those in other regions (Tables 1-3 and 1-6).

The median income of the farm population is well above the average U.S. household income in three
regions: the Wisconsin-Minnesota Dairy Area, Core Corn Belt, and California Metro. In four regions, the
California Metro, Core Corn Belt, Delta, and Southeast Piedmont, the median farm household income is higher
than that of all other households in the region. The Delta and Eastern Highlands had the lowest median income
for farm households of the nine regions. In the Delta, however, median farm income was 11 percent higher than
the median income for all Delta households. Median farm income in the Eastern Highlands was only slightly less
than all Eastern Highlands households.

Agriculture causes environmental problems in all nine regions. Surface water pollution from fertilizers,
pesticides, sediment, and manure is the most serious problem, although not uniformly distributed throughout
major agricultural regions. Contamination of groundwater with pesticides and nitrate from agricultural fertilizers
appears to be the most pervasive problem, occurring in all major agricultural regions: the Core Corn Belt,
Wisconsin-Minnesota Dairy Area, Western Great Plains, Western Corn Belt-Northern Plains, Delta, California
Metro, and Coastal Plains (U.S. Department of Agriculture, 1987¢). The most severe overall water quality
problems have been identified in the California Metro, Core Corn Belt, Delta, and the Coastal Plains. Soil
erosion remains a concern on some soils in some regions. Food safety concerns are affecting agricultural
production practices in California and to a lesser degree in other fruit-and vegetable-producing regions. These
concerns are also affecting individual beef and dairy producers in many regions. Of the nine regions considered,
irrigation problems appear to be most serious in the California Metro and the Western Great Plains.

Agricultural practices and systems and the importance of alternative practices are quite different in each
region. In California, agriculture is extremely diverse. Thus, the scope of alternative production practices is great
and variable. California agriculture is also confronted with the greatest range of environmental and public health
concerns associated with modern conventional agricultural production practices. In the Core Corn Belt, the farm
sector recession and the presence of nitrates and pesticides in the ground-water are among several factors
influencing farmers to adopt alternative crop nutrient and pest management practices. The relatively small
number of crops produced in the Core Corn Belt, however, makes the search for alternatives easier. Problems
associated with food safety, for example, are of less relevance in this predominantly feed-producing region.

Relatively few research and policy studies on regional alternative systems have been undertaken. Those that
have often focus on a particular crop or policy and do not attempt to fully account for the complexity of farm
management decision making. In some areas, research on and experience

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1208.html

64

D’ ‘UOISUTYSE A "9ITAIDS [OTLSAY OTWOU0dT "7 1088SHOV "ON Mody J7e1S SYH "S,0861 U} UI SISWLIR,] PUB SULIE] "S'() JO SONSLIIRIEBYD) [RUOISNY '8861 "2Imnoudy jo jusunredaq ‘SN :HDINOS

1L0°9v¢ £€9°68L 09561 €80°€LT €9C° 16V SL6°0€9 TIS'60T  P8EVLS €01°9¢y 7969y WiIvy Iq
L8L 181°C 810°1 750°1 06L 0LC 906 €61°1 1871 YTl 2198 Iod
sure[d
soels OIRN JuowIpalg sure[q WISYMONI[O]  Sure[d 891D spueySTyq eg vary Aimeq
paun BIWIOJI[ED JseayINog [e1se0) UI0D) UIOISOA UISISOM ureIseq e uI0)) 910D BJOSOUUIAUISUOIST A\ onfeA

Alternative Agriculture

AGRICULTURE AND THE ECONOMY

(sTeq[op ur) 7861 ‘Suordeiqng [eImnordy pajos[as ur sSurp[ing pue pue Jo anfeA a8eroAy 9-1 FIIV.L

"uonnguile Joj UOISISA aAllejIoyIne ay) se uoneolgnd sy} Jo uoisiaa juud sy} asn
asea|d ‘pauasul A|jejuaplooe uaaq aAey Aew siolis olydelbodAy swos pue ‘paulelal ag jouued ‘Janamoy ‘Bunewloy oyoads-buiasadAy Jayjo pue ‘sajAis Buipeay ‘syealq piom ‘syibus| aull ‘eulblo ay) 0y
anJ) ale syealq abed "so|ij BumesadAy [euibluio ay) wolj Jou ‘Yooq Jaded [euiblLo 8y} wolj payeslo saji X Wol pesodwosal usaqg sey yiom jeulblio sy} jo uonejuasaidal [e)ibip mau syl :8J 4ad Sl Inoqy

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1208.html

Alternative Agriculture

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

AGRICULTURE AND THE ECONOMY 65

with the implementation of alternative systems for certain crops has been significant, such as IPM and
biological pest control in fruit and vegetable production in California. This is not the case for most crops and
regions, however. In the future, federal research and commodity program policies will need to take into account
the diversity in agricultural needs, priorities, and systems and the physical and biological limitations of different
regions and farms within these regions.

THE POWER OF POLICY

Government policy influences the direction of agriculture through a variety of agricultural, economic, and
regulatory programs and policies. The most important of these are the commodity price and income support
programs, tax policy, credit policy, research programs, trade and domestic economic policy, soil and water
conservation programs, and the U.S. Environmental Protection Agency's (EPA) pesticide and water-quality
regulations. The government's major influence on agriculture is through economic policy and the setting of
prices and mandates regarding how land can be used by farmers wishing to participate in government programs.
Regulatory policies that influence the cost and availability of alternative technologies and science and education
priorities indirectly but powerfully affect agriculture.

Recently, the impact of commodity programs on farm management decisions has become more visible. In
1986, total federal farm program outlays (including direct payments to farmers, export subsidies, storage costs,
and nonrecourse loans) equaled nearly 50 percent of net cash farm income. This declined to about 40 percent in
1987 (Figure 1-28). At the same time, net farm income reached record levels of $37.5 billion in 1986 and $46.3
billion in 1987, due in part to the large subsidies paid to most growers participating in federal commodity
programs (Figure 1-29). Direct payments to growers set records in 1986 and again in 1987 of $11.8 and $16.7
billion, respectively. In 1986, 50 percent of income for wheat growers was in the form of a federal producer
subsidy, such as direct payment or restricted foreign access to the domestic market (U.S. Department of
Agriculture, 1988c). Federal farm commodity programs will continue to play a central role in shaping farm
management decisions in agricultural regions dependent on these programs.

Farm programs have enormous influence on the crops that are grown and on the choice of management
practices. Prices under the commodity programs are often far above world market prices. Consequently, most
farmers feel compelled to preserve or build their farm commodity program base acres—acres that determine
program eligibility and future income. The land-use decisions of farmers operating about two-thirds of the
harvested cropland in the United States are strongly influenced by program rules and incentives.

Price and income support programs for major commodities also influence growers not in the programs. For
example, pork producers do not receive
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Figure 1-29

Net farm income and direct government payments to farmers. Net farm income includes all farm business income
and expenses associated with dwellings located on farms; business income represents the profit from current
production, with gross income adjusted to reflect net quantity changes in inventories. These adjustments offset sales
from inventories carried over from the previous year and exclude changes in value of inventories existing on
January 1.

SOURCE: U.S. Department of Agriculture. 1987. Economic Indicators of the Farm Sector: National Financial
Summary, 1986. ECIFS 6-2. Economic Research Service. Washington, D.C.
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any government income protection. But in the past they have payed higher feed prices because of high price
supports on feed grains. Recently, however, they have benefited from lower feed costs resulting from the feed
grain program passed in the Food Security Act of 1985.

Policy also influences land use in indirect ways. The federal dairy termination program from 1985 to 1987
was designed to reduce overproduction of milk. Farmers were given the opportunity to leave the dairy business
by selling their milking cows for slaughter or export. Almost 1 million cows—or about 9 percent of the nation's
milking herd—were involved in the buyout program. Farmers enrolled in the program were suddenly without
cows to feed and had to decide on new farm enterprises. Many of these farmers decided to produce hay for local
cash markets instead of for on-farm use. This decision caused a steep decline in the prices received by other
established hay producers.

Lack of Long-Range National Program Goals

Federal policy evolved as a patchwork of individual programs, each created to address individual problems.
No coherent strategy or national goals unite the programs, nor is there much appreciation of what the programs
do or should accomplish or how they interact. Many programs, such as soil conservation and export programs,
have historically had conflicting objectives. As a result, many well-intentioned policies that made sense when
adopted or when viewed in isolation make less sense in the overall context of U.S. agriculture's contemporary
needs. The USDA itself has recognized this failing.

[Farm] policy has always tended to follow events and changes rather than anticipate and lead them—that is, the
approach to developing policy has largely been reactive, dealing with one emergency after another.

Times of a studied, deliberate approach to the design of a forward-looking farm policy, rather than adjustment of
the previous statute, have been rare. ...

There is little doubt that some of the programs that have resulted from this ad hoc, crisis-oriented policymaking
have subsequently exacerbated problems of farmers, or, over time, produced unintended and unwanted
consequences for the farm sector as a whole (U.S. Department of Agriculture, 1981, p. 101).

In more than half a century of operation, government policy has not only affected commodity prices and the
level of output, but it has also shaped technological change, encouraged uneconomical capital investments in
machinery and facilities, inflated the value of land, subsidized crop production practices that have led to resource
degradation such as soil erosion and surface and groundwater pollution, expanded the interstate highway system,
contributed to the demise of the railway systems, financed irrigation
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projects, and promoted farm commodity exports. Together with other economic forces, government policy has
had a far-reaching structural influence on agriculture, much of it unintended and unanticipated.

Impact of Commodity Policy on Alternative Agriculture

Federal commodity programs exist to stabilize, support, and protect crop prices and farmer income.
Programs that idle land, set prices, make direct payments to farmers, and encourage and subsidize exports
address these objectives. Most of the current commodity program concepts are derived from the Agriculture
Adjustment Act of 1938, which established nonrecourse loans, acreage allotments, and marketing allotments for
most major crops (U.S. Department of Agriculture, 1985a).

Two central components of federal commodity programs impede movement toward alternative agriculture:
base acre requirements and cross-compliance provisions. All crop price and income support programs rely on the
concept of an acreage base planted with a given commodity and a proven crop yield for those base acres.
Generally, the crop acreage enrolled and the benefits received are related to the crop acreage planted and yield
obtained in the past 5 years, although base acre yields are currently frozen at the 1981 to 1985 average. Most
commodity program acreage is planted to maximize benefits. Farmers know that if they voluntarily reduce their
planting (base acres) of a particular crop, they will not only forfeit benefits for that year, such as loan price and
deficiency payments, but they will also lose future benefits by reducing their eligible acreage base (the
subsequent 5-year average).

The cross-compliance provision of the Food Security Act of 1985 is designed to control government
payments and production of program commodities by attaching financial penalties to the expansion of program
crop base acres. It serves as an effective financial barrier to diversification into other program crops, particularly
if a farmer has no established base acres for those crops. Cross-compliance stipulates that to receive any benefits
from an established crop acreage base, the farmer must not exceed his or her acreage base for any other program
crop. The practical impact of this provision is profound, particularly if a farmer's acreage base for other crops is
small or zero. For example, a farmer with corn base acreage and no other crop base acres would lose the right to
participate in all programs if any land on his or her farm was planted to other program crops such as wheat or rye
(oats are currently exempt) as part of a rotation. If a farm had base acreage for two or more crops when cross-
compliance went into effect in 1986, the farm must stay within the base acreage allotments applicable to both
programs each year to retain full eligibility for commodity program payments in the future.

The conservation compliance provisions of the Food Security Act of 1985 may also complicate a farmer's
adoption of alternatives. These provisions require that between 85 million and 90 million acres of highly erodible
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cropland have approved conservation plans or be enrolled in the conservation reserve program (CRP) by 1990.
Plans must be fully implemented by 1995. About 28 million acres are currently in the CRP. For the remaining
land, local soil conservation service specialists often recommend rotations in combination with conservation
tillage practices as the best way to reduce erosion. Without adjustments in the cross-compliance or base acres
provisions, many farmers may be forced to implement more costly, less effective conservation systems to
maintain full eligibility for government program benefits.

Between the need to maintain base acres and the cross-compliance provision, farmers often face economic
penalties for adopting beneficial practices, such as corn and legume or small grain rotations or strip cropping.
With few exceptions, only farmers outside the programs can currently adopt these cropping systems without
financial penalties. The conflict between the conservation, cross-compliance, and base acres provisions of the
farm programs must be resolved to allow farmers to adopt, without economic penalty, practices and rotations that
reduce erosion, input costs, and the potential for off-site environmental contamination.

Another incentive for farmers to remain enrolled in the commodity programs is the deficiency payments
that farmers receive (see the boxed article, "Commodity Programs: Definition of Terms"). Since the 1940s,
deficiency payments, or their previous equivalents, have been based on "proven yield," or the yield actually
achieved in recent years on base acres on a particular farm. For each base acre in the program, the payment in a
given year is the product of the per bushel deficiency payment times the land's proven yield in bushels per acre.
The deficiency payment is the difference between the target price and the loan rate or the market price,
whichever difference is less. When market prices are low, this policy rewards producers who strive for maximum
per acre yield rather than maximum net return in the marketplace. The higher the farmer's established proven
yield, the greater the deficiency payment received per acre.

The prospect of higher payments has encouraged heavier use of fertilizers, pesticides, and irrigation than
can be justified by market forces in any given year. In effect, a high target price subsidizes the inefficient,
potentially damaging use of inputs. It also encourages surplus production of the same crops that the commodity
programs are in part designed to control, thus increasing government expenditures. This circumstance is
illustrated by a hypothetical example from Figure 1-30: a farmer with 500 acres of wheat would produce 19,000
bushels at the market price. However, to generate additional income the farmer will produce 24,000 bushels at
the target price. It costs the farmer more to produce the extra 5,000 bushels than they are worth on the market,
but the taxpayer pays the difference to the farmer, in this case $10,000 (5,000 bushels x $2.00 per bushel
deficiency payment).

An important change in the Food Security Act of 1985 has begun to cut the direct link of higher yields with
rising program payments by freezing yield levels eligible for payments at 90 percent of the 1981 to 1985 average.
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Figure 1-30

Hypothetical cost of production for a wheat farm.

SOURCE: Agricultural Policy Working Group. 1988. Decoupling: A New Direction in Global Farm Policy.
Washington, D.C.: Agricultural Policy Working Group.

Nonetheless, many farmers continue to pursue higher per acre yields in the belief that this freeze will be
removed as part of the 1990 Farm Bill or some future legislation (Professional Farmers of America, 1988).

Commodity programs are a dominant force in domestic agriculture, with more than two-thirds of all U.S.
cropland enrolled in these programs. The acreage enrolled in these programs has increased greatly since 1981,
when export demand peaked, domestic market prices were high, and program participation was essentially zero.
Program participation generally rises as market prices fall and per acre deficiency payments increase. This trend
is clear for most commodities (Figure 1-31 through 1-34). With between 80 and 95 percent of the nation's corn,
sorghum, wheat, cotton, and rice acreage enrolled in federal commodity programs, the chances are slim for
widespread adoption of alternative practices that involve rotations with nonprogram crops, such as leguminous
hay or forage crops, or the planting of other program crops for which farmers have to establish base acres. Under
the current program rules, farmers simply have too much to lose.
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Figure 1-31

Market price, target price, and percentage of corn growers participating in the corn commodity program.

SOURCE: Data provided by the U.S. Department of Agriculture, Agricultural Stabilization and Conservation
Service, Commodity Analysis Division, 1988.
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Figure 1-32

Market price, target price, and percentage of sorghum growers participating in the sorghum commodity program.
SOURCE: Data provided by the U.S. Department of Agriculture, Agricultural Stabilization and Conservation
Service, Commodity Analysis Division, 1988.
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COMMODITY PROGRAMS: DEFINITION OF TERMS

The most expensive and influential government agricultural policies aim to support prices, adjust
supplies, encourage exports, and maintain income for farmers producing wheat, corn, barley, sorghum,
cotton, rice, sugar, tobacco, milk, and other program products. Following congresional direction, the U.S.
Department of Agriculture (USDA) sets a target price and a loan rate for wheat, corn, barley, sorghum,
cotton, and rice and equivalent prices for sugar, tobacco, and milk each year. If the average market price of
a commodity is below the stated target price, the government pays participating farmers the difference
between the target price and the loan rate or the market price, whichever difference is less. This is called a
deficiency payment. It is paid to farmers in addition to income received for market sale of their crop or for
placing the crop under loan with the Commodity Credit Corporation (CCC). The target price, designed to
support farm income, is often set well above the market price and well above what it costs the majority of
farmers to produce a crop (Figures 1-30, 1-35, and 1-36).

Deficiency payments are often a substantial share of gross farm income. The amount of the payment
depends on a farmer's established per acre yield on a predetermined acreage base devoted to the crop.
Direct deficiency payments may not exceed $50,000 per farmer, although Congress exempted some other
types of payments in the Food Security Act of 1985 and provided separate limits on others. Many farmers
have found ways to reorganize their holdings to avoid payment limitations.

In addition, the government offers nonrecourse loans with a government-set loan rate, which acts as a
government-guaranteed minimum price for the commodity. If the market price falls below the loan rate, a
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Figure 1-35

Wheat produced at less than the target price per bushel, 1981.

SOURCE: Adapted from U.S. Department of Agriculture. 1985. Agricultural-Food Policy Review: Commodity
Program Perspectives. Agricultural Economic Report No. 530. Economic Research Service. Washington, D.C. In
Office of Technology Assessment. 1986. A Review of U.S. Competitiveness in Agricultural Trade—A Technical
Memorandum. OTA-TM-TET-29. Washington, D.C.
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farmer can forfeit crops placed under loan to the government in repayment of the loan. When the loan
rate is set above the international market price, foreign producers can undercut the price of U.S. exports. In
this case, most producers will take the higher price (the loan rate instead of the market price) and "sell"
their crops to the government; which in turn stores them until market prices are well above loan rates or the
crops are used in food aid programs. Most crops placed under CCC loan are sold at a net loss.

High and rigid loan rates were a major factor in the agricultural export decline of 1981 to 1986. Under
changes in the Food Security Act of 1985, loan rates for wheat, feed grains, soybeans, upland cotton, and
rice were lowered to 75 to 85 percent of the average price received by farmers over the past 5 years,
dropping out the high and the low years.

Loan rates may not drop more than 5 percent from the previous year's rate, unless deemed necessary
to make the U.S. crop more comptetitive. Using discretionary authority, the Secretary of Agriculture may not
lower the loan rate more than 20 percent below the normally computed rate. Such discretionary reductions
in the loan rate are not used to calculate subsequent rates.

For 1986 the secretary was required to reduce the loan rate for wheat and feed grains by at least 10
percent; the actual reduction was the maximum allowed, 20 percent. In 1986 and 1987, Congress set the
soybean loan rate at $5.02 per bushel. During 1988 through 1990, with the above formula in effect, the rate
is not allowed to drop below $4.50 per bushel.

Rice and cotton growers receive crop marketing loans that may be paid back at the loan rate or the
prevailing market price, whichever is less.
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Figure 1-36

Corn produced at less than the target price per bushel, 1981.

SOURCE: Adapted from U.S. Department of Agriculture. 1985. Agricultural-Food Policy Review: Commodity
Program Perspectives. Agricultural Economic Report No. 530. Economic Research Service. Washington, D.C. In
Office of Technology Assessment. 1986. A Review of U.S. Competitiveness in Agricultural Trade—A Technical
Memorandum. OTA-TM-TET-29. Washington, D.C.
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Tax Policy

Income tax policies over the last two decades have significantly influenced agricultural practices, even
though they are not generally considered part of the farm program. The increases in irrigated acreage and animal
confinement facilities are two examples. Before passage of the Tax Reform Act of 1986, agriculture received
investment credit and accelerated depreciation on physical plants and equipment. Additionally, favorable capital
gains treatment allowed individual farmers to exclude from taxation 60 percent of income received from the sale
of assets such as land, breeder stock, and certain unharvested crops.

Favorable capital gains treatment provided incentives to purchase highly erodible fields and wetlands,
rangelands, or forestlands at relatively low prices; convert these lands to cropland; sell them at a profit; and
exclude 60 percent of the gain from taxation. The tax advantages of large-scale conversion of wetlands to
cropland were estimated to be as much as $603 per acre, largely from the treatment of capital gains (Benfield et
al., 1986). Ironically, favored tax treatment of "conservation" investments stimulated conversion of rangeland
and wetlands to cropland. The Tax Reform Act of 1986 eliminated special capital gains treatment for the
conversion of highly erodible land or wetlands into cropland. The act also explicitly denies the deduction of
expenses associated with draining or filling a wetland. Although the effects of recent changes in the tax code will
not be fully understood for several years, the similar swampbuster and sodbuster provisions of the Food Security
Act of 1985 and the Tax Reform Act of 1986 eliminated many financial incentives for farming practices that
contributed to soil erosion and conversion of wetlands to farmland (see the "Soil Conservation Programs" section
in this chapter). Management decisions and capital expenditures profitable under the previous tax code are now
less attractive.

Much of the sharp rise in farm real estate prices in the 1970s can be attributed to a speculative boom driven
by tax advantages and inflation, compounded by the higher earning power of farmland, which resulted from
higher commodity prices. This boom collapsed in the 1980s as lower commodity prices and rising real interest
rates depressed land value (equity), in turn eroding the net worth of most farms. Lowered equity has affected not
only those who had invested in land speculatively, which includes farmers and nonfarmers, but also farmers who
bought land with the sole interest of farming it.

Another effect of volatile land prices is consolidation of land holdings. Capital gains taxes, which helped
make farm real estate speculation profitable and thus destabilized land prices, reinforced the trend toward fewer
and larger farms. When land prices rise above the value sustainable from current farm income, only buyers who
have enough equity can compete for land that comes on the market. When land prices fall, farms with high debt-
to-asset ratios and equity in the form of land can have greater difficulty securing capital at competitive interest
rates. Those in more favorable positions can increase their holdings by buying land at "distressed" prices.
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Increasing investment in physical plants and equipment, accompanied by a rapid decline in the use of labor,
have been two of the most salient features of the agricultural economy for many decades. Since World War II,
the value of agricultural machinery and vehicles increased sevenfold in constant dollars to more than $100
billion. Use of labor decreased by a factor of five (U.S. Department of Agriculture, 1985b). Tax advantages and
shelters available through investment in agricultural facilities and equipment, such as irrigation systems, orchard
plantings, and animal confinement structures, accelerated the use of certain technologies and altered the structure
of many farming enterprises.

Investment tax credits spurred the use of irrigation in the Great Plains with water from the Ogallala aquifer.
More than 1 million acres were brought under center pivot irrigation in Nebraska between 1973 and 1983.
Converting the sandhills of Nebraska to center-pivot-irrigated corn has been estimated to generate $175 per acre
in tax advantages through a combination of the water-depletion allowance, accelerated depreciation, and
investment tax credits (Benfield et al., 1986). The water-depletion allowance permits farmers to claim a
deduction if they can prove that they are irreversibly depleting certain groundwater reserves. Agricultural
overuse is depleting the slowly recharging Ogallala aquifer in some locations. The Tax Reform Act of 1986
denies deduction of any expenses associated with preparing land for center pivot irrigation.

Accelerated depreciation and investment tax credits also motivated the rapid growth of custom beef
feedlots, which started in the 1960s and increased through the early 1980s. These tax provisions are responsible
for the surge of off-farm investment in hog confinement facilities in the Midwest in the early 1980s. The Tax
Reform Act of 1986 lengthened the depreciation period for single-purpose agricultural structures from 5 to 7
years. Tax code changes in 1988 further lengthened this depreciation to 10 years.

Research and Education

The primary goal of agricultural research and education policy has been to increase farm production and
profitability while conserving the natural resource base. Achieving higher crop yields per acre has traditionally
been viewed as the best way to do both. Emphasizing the attainment of higher yields per acre makes the greatest
sense if land is the most limiting factor in production or if the cost of land is high on a per acre basis relative to
other costs. some high-value per acre specialty crop operations are examples in which large investments for an
irrigation system or pesticides can be justified economically. Because government programs do not support these
crops, the intensity of input use is generally a function of the market demand and price paid for the crop.

Much research conducted over the past 40 years has responded to the needs of farmers operating under a set
of economic and policy incentives that encourage high yields. Much of the focus has been on chemical-and drug-
related technologies to support specialized, high-yield operations and
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simplify farm management. Until recently, research has generally not deliberately addressed the possibility of
maintaining current levels of production with reduced levels of certain off-farm inputs, more intensive
management, increased understanding of biological principles, or greater profitability per unit of production with
reduced government support.

Yet, increased international competition, the decline in world market prices for most commodities, and the
relatively high percentage of total variable costs for inputs needed to achieve current high yields warrants a
reassessment of farming practices, research, and the effects of policy on farm decision making. In general,
further increases in yield are an ineffective means of achieving greater profitability or international
competitiveness. For many crops like corn, cotton, wheat, and small grains, higher yields are often justified in
terms of profitability only in the context of government support, particularly high target prices. The added costs
of purchased inputs soon become more than the free market value of the added yield. Moreover, high-yield,
specialized production systems can result in more variable yields than diversified systems that also reduce per
unit input costs (Helmers et al., 1986). This is especially true when rainfall or other climatic conditions deviate
far from the norm (Goldstein and Young, 1987; Lockeretz et al., 1984).

Increased yield variability can also raise risk and capital costs. Farmers growing commodity program crops,
however, are often willing to take this risk, because government commodity payments provide an economic
safety net that does not depend on annual harvested production. Disaster relief and crop insurance benefits may
also be available, further reducing the risk borne by farmers. In years when high yields are attained, farmers may
have an opportunity to raise the proven yield that is used as the basis of future program benefits and insurance
settlements. When high yields fail, disaster payments and insurance program mechanisms protect farmers. These
programs are expensive, however. The economic, agronomic, and environmental consequences associated with
these practices are leading to fundamental changes in the targets for agricultural research and education.
Throughout the system, a new emphasis is being placed on identifying crops better suited to a region's natural
resources and to reducing costs per unit of production, sometimes even at lower per acre yields.

Other Programs and Policies

Soil Conservation Programs

Soil conservation and other federal farm policies have been linked since the Soil Conservation and
Domestic Allotment Act of 1936. This connection was politically expedient. When pictures of the Dust Bowl
were a symbol of the Great Depression, the public was willing to pay farmers to shift from erosion-prone crops
to soil-conserving land uses. The soil-conserving crops such as hays and forages were not in surplus, while crops
that generally
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require more tillage and often result in higher rates of erosion, such as corn, wheat, and cotton, were in surplus.
Reducing the acreage devoted to these crops provided an opportunity to reduce erosion through cover crops or
other conservation measures. Since the 1940s, conservation programs have done better in times of depressed
prices and surpluses and worse in periods of strong prices and expanding production.

Voluntary compliance or participation has been an underlying principle of soil conservation programs since
their inception. The government has historically relied on the "carrot," such as availability of free technical
assistance, cost-sharing funds, and commodity program benefits, rather than the "stick" of mandatory compliance
or penalties. The price and income support aspects of farm programs have dominated environmental and
conservation considerations. This was particularly apparent in the mid-1970s through the mid-1980s, when
expanding production exacerbated erosion losses. As production expanded, there were no policies in place to
slow the conversion of wetlands or highly erodible grasslands to cultivated crops. Nor were there policies to slow
the resulting steady growth in commodity program base acreage allotments.

Congress addressed this problem in the Food Security Act of 1985 by the adoption of the so-called
sodbuster and swampbuster provisions. The sodbuster provision denies all federal program benefits to farmers
who plow highly erodible lands without first adopting a locally approved soil conservation plan. The
swampbuster provision denies benefits to farmers who drain or otherwise convert certain wetlands to cultivated
crop production.

Soil and water conservation measures often require continuous refinement, maintenance, and good
management to reduce erosion significantly and protect water quality. In periods of high commodity prices and
strong demand, some farmers have planted grain crops on almost all available land, with few steps taken to
reduce soil and water runoff. Farmers who have continued conservation practices in boom years lost
opportunities to build base acreage and, in some cases, forfeited chances to improve their farms' proven per acre
yield and payments.

In response to this inequity, the Food Security Act of 1985 incorporated several mechanisms designed to
simultaneously control surplus production and reduce soil erosion on the most highly erodible land. The CRP
pays farmers to take their most highly erodible land out of production for 10 years. Over 60 percent of the land
now in the CRP is drawn from crop base acres. Nearly half of the base acres now in the CRP are from the wheat
program (Table 1-7). As of February 1988, 25.5 million acres had been idled under the CRP (Table 1-8). Five
million to 10 million more acres are expected to be idled over the next 2 years. It is noteworthy that even though
set-aside acreage from the commodity programs and the CRP idled nearly 70 million acres in 1987, excess
production capacity of major commodities remained near its highest point at 16 percent of potential output
(Figure 1-37). (Excess production capacity is defined here as the difference between potential output and
commercial demand at prevailing farm prices.)

Another feature of the Food Security Act of 1985, the conservation compliance
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TABLE 1-7 Commodity Base Acres Enrolled in CRP Through July 1987

Million Acres

Crop Total Base Acres in 1985 Base Acres Enrolled in CRP Percentage of Base Acres Enrolled in CRP
Barley 12.4 1.8 14.5
Sorghum 18.9 1.7 9.0
Oats 9.2 0.8 8.7
Wheat 91.7 6.8 7.4
Cotton 154 0.9 5.8
Corn 82.2 2.7 33
Rice 4.1 — —
Peanuts 1.5% — —
Tobacco 0.72 — —
Total 236.1 14.7 6.2°

NOTE: The dash indicates that the values were negligible.

 Acres harvested.

b This figure represents the percentage of all crop base acres.

SOURCE: U.S. Department of Agriculture. 1987. Agricultural Resources—Cropland, Water, and Conservation—Situation and Outlook
Report. AR-8. Economic Research Service. Washington, D.C.

TABLE 1-8 Regional Distribution of Acres Enrolled in CRP Through February 1988

Region Acres Enrolled (in millions)  Share (percent) of U.S. Acres Percentage of Region's Cropland
Enrolled

Northeast 0.13 0.5 0.8
Lake States 2.07 8.1 4.7
Corn Belt 3.56 13.9 3.9
Northern Plains ~ 6.04 23.7 6.5
Appalachia 0.86 34 3.8
Southeast 1.25 4.9 6.8
Delta States 0.78 3.0 35
Southern Plains  4.10 16.1 9.1
Mountain 5.22 20.4 12.1
Pacific 1.51 59 6.7
United States 25.53 100.0 6.1°

2 This figure represents the percentage of all crop acres.
SOURCE: U.S. Department of Agriculture. 1988. Agricultural Resources—Cropland, Water, and Conservation—Situation and Outlook
Report. AR-12. Economic Research Service. Washington, D.C.

and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles
use the print version of this publication as the authoritative version for attribution.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1208.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

AGRICULTURE AND THE ECONOMY 81

provision, will require farmers wishing to retain eligibility for government program benefits to implement
recommended conservation plans beginning in the 1990 growing season. To retain eligibility for any government
program—diversion payments, deficiency payments, CCC commodity loans and storage payments, Farmers
Home Administration (FmHA) loans, government loans for storage facilities, federal crop insurance, and
conservation reserve payments—farmers must manage all highly erodible fields in accordance with an approved
soil conservation plan by 1995. Between 80 million and 95 million acres will require these plans, although more
than 25 million of these acres are now in the CRP.

The impact of conservation compliance on farming practices is not known, although no-tillage or
conservation tillage practices are often recommended for highly erodible land. In many instances, alternative
farming systems
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Figure 1-37

U.S. crop acreage in conserving uses compared with excess production capacity. Major crops include wheat,
feedgrains (corn, barley, sorghum, and oats), soybeans, and cotton. Excess production capacity is the difference
between potential output and commercial demand at prevailing market prices.

SOURCE: U.S. Department of Agriculture. 1988. 1988 Agricultural Chartbook. Agriculture Handbook No. 673.
Washington, D.C. Revised data from Economic Research Service, USDA.
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may be used to sustain high levels of crop production and comply with the erosion control goals sought under
conservation compliance. Future government policy may provide new incentives for farmers to develop
alternative crop management systems that protect environmental quality and maintain current levels of
production and farm incomes.

Pesticide Licensing

About 600 pesticide active ingredients are registered for use in the United States. Approximately 200 active
ingredients, however, account for over 95 percent of all agricultural pesticide use. Congressional policy and the
EPA's application of current law regulating pesticides have resulted in a slow, deliberate pesticide regulatory
process. From the inception of the EPA special review program in 1975 through September 30, 1987, the agency
completed 40 special reviews or risk-benefit analyses of the most hazardous pesticides. These reviews resulted in
5 cases where all agricultural uses were cancelled, 34 cases where some uses were cancelled or restrictions
imposed, and 1 case where no action was taken. These cases do not include the cancellation of all food uses of
aldrin, chlordane, chlordecone, DDT, dieldrin, and heptachlor, nor the voluntary cancellation of all or some uses
of 21 other active ingredients that occurred outside the special review process (U.S. Environmental Protection
Agency, 1987). Between 1975 and 1987, these reviews took from 2 to 7 years to complete, with some important
reviews still outstanding. Recently, however, the review process has been expedited and newly initiated reviews
may now take an advantage of 11/2 to 3 years (U.S. General Accounting Office, 1986). Legal challenges
commonly delay the final resolution of regulatory actions, as does the sheer size of the task in comparison to
available EPA resources.

Since the amendment of the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA) in 1972, through
1987 the EPA registered 69 new insecticides, 60 new herbicides, and 31 new fungicides (U.S. Environmental
Protection Agency, 1988) (see Figure 1-20). New products are generally subjected to stricter standards before
they gain market entry than are existing products with which they would compete. Typically, these pesticides are
safer and more biologically benign. In some cases, new compounds that are safer than the existing products they
might replace have been denied registrations, while more hazardous products were left on the market (National
Research Council, 1987). Current regulations are complex, sometimes inconsistent, and exceedingly difficult to
implement. The Delaney Clause (1958) of the Federal Food, Drug and Cosmetic Act of 1954 offers the best
example of inconsistency. This provision of the law forbids the residues of pesticides in any processed food that
induce cancer in laboratory animals if those residues concentrate above the level allowed on the raw food. The
Delaney Clause, however, does not apply to raw foods with no processed form or to carcinogenic pesticides that
do not concentrate in processed foods. Consequently, residues of the same carcinogenic pesticides are allowed
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on certain fresh and processed foods, but not in processed foods where they concentrate. Further, the EPA has
applied the Delaney Clause only to new pesticides, thereby maintaining registrations for many older pesticides
that pose risks acknowledged by the EPA to be greater than those posed by most new substitute chemicals
(National Research Council, 1987).

The benefit-assessment methods employed by the EPA are also a concern. The EPA does not, as a matter of
routine procedure, incorporate alternative or nonchemical pest control methods into its assessment of pesticide
benefits when carrying out a regulatory review (U.S. Congress, 1988). As a result, the benefits of currently used
products are sometimes inflated, and the economic values of alternatives are not taken into account or formally
recognized and acted upon. The most recent example of this is the EPA's review of the herbicide alachlor.
Alachlor is the most widely used pesticide in the nation. It is used to control grassy weeds on 30 percent of the
corn and 25 percent of the soybeans produced in the United States. The benefits analysis in this review was
confined solely to an economic comparison of the benefits of alachlor with those of a similar herbicide,
metolachlor (U.S. Environmental Protection Agency, 1986a). The comparative economic benefits and costs
associated with the use of cultivation, tillage, and planting techniques that are used effectively by many farmers
to control similar weeds were not considered in the analysis (see the Spray, BreDahl, Sabot Hill, Kutztown, and
Thompson case studies). According to John Moore, former EPA assistant administrator for pesticides and toxic
substances, the alachlor benefits assessment is representative of most EPA pesticide benefits assessments. These
assessments routinely consider only the benefits of the most likely alternative pesticide, ignoring all other
alternative control strategies (U.S. Congress, 1988).

Food Quality and Safety

Food safety regulations and meat inspection programs are primarily designed to prevent health risks and
acute illnesses from chemical and microbial contaminants in food. These regulations, however, do not enhance
food quality. For example, meat-grading standards have traditionally rewarded producers of fatty beef. Cosmetic
standards for fruits and vegetables can encourage late-season pesticide use that results in higher residues in food.
Certain poultry slaughter practices result in a high prevalence of microbiological contamination. Methods of
producing food with fewer of these inherent risks are well known and widely practiced (see the case studies in
this report; Allen et al., 1987; National Research Council, 1985, 1988b).

The EPA reviews health and safety data and establishes tolerance levels for pesticide residues in foods that
are thought to present minimal health risks. Foods with pesticide residues up to these levels are then allowed in
the market. The FDA then monitors food for compliance with these tolerances. For some types of risk, however,
particularly cancer risk, there remains considerable debate about the certainty of the data and assumptions
supporting calculations of acceptable risk. Moreover, the monitoring does
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not regularly check for many widely used pesticides, including a number of widely used compounds classified
by the EPA as probable human carcinogens (U.S. Congress, House, 1987).

Livestock are being fed an increasing amount of various by-products from the processing of agricultural
commodities. This is particularly true in states like California and Florida that produce a great variety of
commodities (National Research Council, 1983). By-product feeds like citrus pulp, tomato pomace, and almond
hulls are valuable livestock feeds with nutritive and economic value often comparable to that of feeds produced
exclusively for animal use. Many of these feeds, however, have not been historically recognized as animal feeds.
Because of this, many pesticides used on these commodities do not have tolerances for residues in by-products
used as animal feed or in the ensuing animal food product. The potential for the introduction of these pesticides
into food-producing animals is unknown. While animal food products may contain residues of the pesticides
found in nontraditional animal feeds, the EPA has generally not examined the fate of pesticides in animals
consuming these feeds or the food products derived from them (National Research Council, 1987).

There is also concern about combinations of residues on food to which people may be regularly exposed
(National Research Council, 1988a). The EPA sets acceptable levels for residues in food for each pesticide
separately, although many combinations of pesticides are regularly used and detected on food crops. Even
though risks from pesticides are presumed to be additive, acceptable levels of exposure are calculated assuming
exposure to each pesticide in isolation. Some chemicals, moreover, may act synergistically. Current regulations
and standards do not assess or incorporate margins of safety reflecting the possibility of synergistic or additive
effects.

The federal government also sets grading standards for farm products. Beef grading tended to equate high-
fat content with high quality in Prime and Choice cuts for example, until recent changes in grading standards.
Excessive consumption of animal fat is known to raise the likelihood of heart disease (National Research
Council, 1988b). Similarly, the USDA grading standards and milk pricing standards reward producers for
butterfat content of milk. Since the 1940s, however, butterfat consumption has declined dramatically, while
consumption of low-fat and nonfat dairy products has increased. Consequently, the butterfat-based pricing
system has resulted in large government-held surpluses of butter, despite the capability of producers—through
genetics and management—to produce lower-fat products.

Salmonellae also remains a significant concern, particularly in poultry products. A National Research
Council study reported that about one-third of all poultry sold is contaminated with salmonellae. Although
salmonellae is controlled by proper cooking and sanitation, not all people follow recommended food handling
procedures. The possibility of resistant strains and human health problems following infection remains a concern
(Institute of Medicine, 1989; National Research Council, 1985).
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SUMMARY

Agriculture produces the essential elements of the $700 billion food and fiber economy. Since World War
II, agriculture has become more specialized and dependent on off-farm inputs and has substantially increased per
acre yield. Machinery, pesticides, irrigation water, fertilizers, and antibiotics have replaced land, diversity, and
labor as principal components of agricultural production. Fewer and larger farms produce more food and fiber
than ever before. Government commodity income and price support programs, tax policy, and agricultural
research heavily influence on-farm decision making in major sections of U.S. agriculture. Producing food to
meet government criteria, however, often precludes farmers from responding to changing market conditions or
imposes financial penalties for practices that improve food safety and environmental quality.

In the midwestern states, government programs and subsidies have reduced the risk of specialization and
thus encouraged the separation of livestock operations from feed grain production. The result is a decline in two
important agricultural practices: return of animal manures to the soil and rotation of cultivated crops with grass
and leguminous forages. Feed grain production without livestock or legumes requires additional commercial
fertilizer and often entails increased pesticide use to compensate for the lost pest control benefits of rotations.
The increase in confinement livestock operations, particularly for swine and poultry, correlates with the
subtherapeutic use of antibiotics to promote growth and to suppress disease incidence. Between 80 and 95
percent of program crop acreage is currently enrolled in the federal commodity programs. The base acres and
cross-compliance provisions of these programs will penalize growers who want to adopt diversified crop
rotations or integrated livestock feed and forage operations on this land.

There are many economic and environmental problems to be solved that are associated with current
conventional agricultural practices. However, a substantial number of growers practice many systems that
provide solutions, in spite of actual disincentives or little support from federal programs. Chapter 2 describes
some of the major problems derived from conventional practices. Subsequent chapters describe the alternatives.
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2

Problems in U.S. Agriculture

THE U.S. AGRICULTURAL SYSTEM has been beset by numerous economic and environmental
problems in the 1980s. In the economic sphere, with storage facilities filled with surplus crops, the cost of
federal farm support programs skyrocketed from $3.5 billion in 1978 to a peak of $25.8 billion in 1986, falling to
$22 billion in 1987 (U.S. Department of Agriculture, 1988f). Financial stress hit tens of thousands of farmers and
many rural communities. Some farmers still find it difficult to pay debt accumulated during the prosperous
1970s. Many U.S. products are no longer competitive in world markets. From 1981 through 1986, the United
States' agricultural trade surplus declined substantially. Although agricultural trade performance has improved
since then, this has come at considerable expense to U.S. taxpayers. Competition among nations for worldwide
markets is fierce and volatile.

Agriculture is also causing serious environmental problems. Agriculture is the largest single nonpoint
source of water pollutants, including sediments, salts, fertilizers, pesticides, and manures. Nonpoint pollutants
account for an estimated 50 percent of all surface water pollution (Chesters and Schierow, 1985; Myers et al.,
1985). Salinization of soils and irrigation water from irrigated agriculture is a growing problem in the arid West.
In at least 26 states, some pesticides have found their way into groundwater as a result of normal agricultural
practice. In California alone, 22 different pesticides have been detected in groundwater as a result of normal
agricultural practices. Nitrate from agricultural sources (principally manures and synthetic fertilizers) is found in
drinking water wells in levels above safety standards in many locations in several states.

Agriculture presents other environmental problems. Major aquifers in California and the Great Plains have
been depleted because withdrawals
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exceeded recharge rates. Cultivation of marginal lands has caused soil erosion. The use of certain pesticides on
some crops and antibiotics in animal production for disease control and growth promotion presents risks that
may be avoidable.

Agricultural leaders and policymakers are currently confronting questions about contemporary production
practices. These questions are the subject of this chapter. It is important to note that many problems discussed in
this report are prevalent only in certain regions and under specific management practices. Almost all of these
problems can be overcome. Nonetheless, problems such as groundwater contamination will likely grow if current
practices are continued.

Many of these problems have developed in large part as a result of public policies and thus may be
overcome through policy reform. The important link among all of these problems is that productive and
profitable alternative practices are available in most cases and are already implemented in some. The benefits of
alternatives in addressing these problems are presented in subsequent chapters.

Publicly and privately funded agricultural research since World War II has created a wealth of technology
and information. This information and technology has led to vastly increased yields of a number of commodities
and has reinforced movement toward specialization. High deficiency and disaster payments for most program
crops reduced risks and further accelerated specialization. The development of specialized large farm equipment
made it possible for individual farmers to grow one crop or a few related crops on more acres. Because of these
trends, farmers were able to take advantage of market forces in the 1970s that stimulated demand for U.S.
agricultural commodities.

THE FARM ECONOMY

In their desire to accelerate industrial growth, many developing countries neglected their agricultural sectors
in the 1950s and 1960s. By the 1970s, a growing number of developing nations needed to import food to feed
rapidly growing populations. Many of them imported food from the United States. Growing trade with Pacific
Rim nations and trade agreements with the Soviet Union further expanded available markets for the United
States. The 1970s also brought generally favorable weather for agriculture to the United States and unfavorable
conditions to many other countries. Tax policies such as accelerated depreciation and capital gains preferences
encouraged machinery purchases and cultivation and irrigation of previously uncultivated or erodible land. Crop
prices were well above the loan rate; expanded exports were used to offset the trade deficit created by oil
imports. The result was greater demand for U.S. commodities, higher prices, and an all-out effort by U.S.
farmers to increase production.

Farmland prices followed the upward movement of commodity prices, inflation, and negative real interest
rates. In some midwestern states, the

Copyright © National Academy of Sciences. All rights reserved.
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price of farmland increased by 15 percent or more per year. Rising land and commodity prices led farmers to
increase purchases of inputs such as fertilizers, seeds, chemicals, and equipment. Production expenses and gross
farm income soared as farmers responded to a growing market (Figure 2-1). Agricultural lending organizations,
responding to inflation and rising market values of farm assets, were eager to make loans to farmers. Total farm
debt went from $52.8 billion in 1970 to a peak of $206.5 billion in 1983 (U.S. Department of Agriculture, 1987c).

1751

150~ Gross farm income
125
100

75

DOLLARS (in billions)

1970 1972 1974 1976 1978 1980 1982 1984 1986
YEAR

e ]

Figure 2-1

Gross farm income and production expenses.

SOURCE: U.S. Department of Agriculture. 1988. 1988 Agricultural Chartbook. Agriculture Handbook No. 673.
Washington, D.C.

In late 1979, events began to change the economic, political, and social environment of agricultural
production. Policy changes caused increases in real interest rates and the virtual end of inflation. Prices received
for crops began to level off and drop although input prices continued to rise through 1984 (Figure 2-2). Demand
for U.S. agricultural commodities declined as a result of the increased value of the dollar; fixed loan rates;
foreign competition from the European Community (EC), Argentina, Australia, and Brazil; foreign debt; global
recession; and reduction of U.S. loans to developing countries to buy food. Commodity surpluses around the
world swelled, and prices dropped. Falling commodity prices deflated land values, which fell by 1986 to less
than half their 1980 value in many agricultural areas.

In a few years, prosperity turned into economic recession. Many farmers borrowed heavily in the 1970s to
invest in land and machinery and take
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advantage of high crop prices. The sudden change in the economic environment placed those with the greatest
debt in the most vulnerable position. The debt-to-asset ratio suddenly became a major criterion for a farm's
viability.

50 175
Prices paid farf inputs
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SN | - {150 §
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o 30 E
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Figure 2-2

Input prices, crop prices, and agricultural exports.

SOURCE: U.S. Department of Agriculture. 1988. 1988 Agricultural Chartbook. Agriculture Handbook No. 673.
Washington, D.C.

The financial plight of farmers also affected the farm credit sector. One-fourth of all farm loans—$33.7
billion—from the Farmers Home Administration (FmHA), federal land banks, production credit associations,
commercial banks, and life insurance companies were nonperforming or delinquent in 1984 and 1985 (U.S.
General Accounting Office, 1986a). The farm credit system lost $4.6 billion in 1985 and 1986. Agricultural
banks accounted for more than half of 1985 bank failures, although they comprise only one-fourth of all banks
(U.S. General Accounting Office, 1986a). New rules to implement the Agricultural Credit Act of 1987, however,
will help to keep tens of thousands of farmers on their land. The act requires the FmHA, the farmers' bank of last
resort, to make all feasible efforts to restructure loans, including forgiving debt. Up to $7 billion in debt and
interest may be written off under this program.

Suppliers of farm inputs have also been hurt by bad debt and federal supply-control programs that have
reduced sales. Farm machinery sales, for example, fell more than 50 percent from 1980 to 1985. In Nebraska and
Iowa alone, hundreds of farm implement dealers have gone out of business since 1985. The industry has
recovered somewhat since 1986 as farm income has risen.

As of January 1, 1988, 4 percent of farms were technically insolvent because

Copyright © National Academy of Sciences. All rights reserved.
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debt exceeded assets. An additional 4.9 percent of farms had debt-to-asset ratios of 70 to 100 percent, and 10.0
percent had debt-to-asset ratios of 40 to 70 percent (U.S. Department of Agriculture, 1988d). Farms with ratios
above 70 percent generally experience serious financial problems. Those with debt-to-asset ratios of 40 to 70
percent face declining equity unless commodity prices are strong or production expenses fall, which they have
since 1983.

Although some farmers experienced financial hardship in the 1980s, many prospered. Total net farm
income was $37.5 billion in 1986 and a record $46.3 billion in 1987 (see Figure 1-29). Off-farm income totaled a
record $44.7 billion in 1986 (Van Chantfort, 1987). Table 2-1 shows that most farms had positive income in
1987, and that debt is now concentrated in farms with sales over $250,000. This record income and reduction in
debt was made possible, however, only by record levels of government support.

In 1987, 44 percent of all farmers had no long-term debt. The average debt-to-asset ratio, which reached 25
percent in 1985, fell to 22 percent in 1986 and 15 percent in 1987 (Figure 2-3). Total farm debt fell from $206.5
billion in 1983 to $150 billion in 1988 (U.S. Department of Agriculture, 1988a).

Federal programs can have a great effect on the agricultural economy. In general, they are slow to alleviate
the economic problems of farmers with the greatest need. This has been evident in the 1980s. Well over one-half
of all major commodity producers have been enrolled in the programs since 1983. But 60 percent of direct
government payments in 1985, for example, went to only 14 percent of all operators with net cash incomes
averaging nearly $130,000 (Agricultural Policy Working Group, 1988). This is largely because federal payments
are based on farm yields and sales. Even though Congress has limited certain categories of federal payments to
$50,000 per farm, many growers have found ways to reorganize their operations to avoid this and other
limitations.

TRADE

U.S. agriculture built a substantial trade surplus during the 1970s as the manufactured goods sector slipped
into a deepening trade deficit. The U.S. agricultural trade balance deteriorated in the 1980s, however, falling
from $27 billion in 1980 to $6 billion in 1986 (U.S. General Accounting Office, 1986b). The United States
depends primarily on grain and oil seed exports; growth in this market is slowing as the U.S. share declined from
72 percent in 1979 and 1980 to 50 percent in 1986 (U.S. Department of Agriculture, 1986b).

The trade situation has improved since 1986; exports are expected to increase to about $33 billion in 1988,
with the trade surplus rising to between $12 billion and $13 billion. The U.S. agricultural trade balance has
increased, in part because of a drop in market prices for most export commodities. Government subsidies, credit
guarantees, and product promotion
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Imports of supplementary high-value commodities (crops also produced in the United States) have increased from

[CRNO]
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= also supported increased exports. The rise in export volume, however, far exceeded the increase in the value of
g 2 exports in current dollars largely due to the declining value of the dollar (Figures 2-4 and 2-5) (U.S. Department
§ =: of Agriculture, 1987e).
2 é TABLE 2-1 Farm Financial Conditions by Farm Size, Region, and Commodity
> S Percentage of Farms in Each Financial Condition
£ c Factor Favorable Negative Marginal Vulnerable
b § (Positive Income IncomeFavorable SolvencyPositive Income  (Negative Income
% o and Favorable Solvency and Marginal
% g;w Solvency) Solvency)
£ Farm size
5 E >$250,000 59 14 20 7
o2 $40,000-249,999 64 12 17 6
cE <$40,000 71 19 6 4
S o Region
=5 Northeast 68 22 7 3
< g Great Lakes 59 1 15 7
S8 Corn Belt 71 12 13 5
82 Northern Plains 64 17 15 5
8 g Appalachia 76 16 5 3
T3 Southeast 73 18 6 4
w2 Delta 72 16 8 4
£ Southern Plains 69 20 8 4
53 Mountain 64 20 10 6
e £ Pacific 67 18 9 7
9o Farm type
S Cash grain 65 14 14 7
o5 Tobacco 78 9 8 5
© E Cotton 65 11 15 9
58 Vegetable, fruit, 71 16 9 3
8 5 nut
= Nursery- 80 12 6 2
=3 greenhouse
X < Other field crops 65 17 10 7
g 2 Beef, hog, sheep 70 20 7 3
b Dairy 63 12 20 5
£
$ 5 Poultry 73 6 16 6
é b Other livestock 58 30 5 7
§ .g NOTE: The income measure used in these statistics is net cash farm income; marginal solvency indicates a debt-asset ratio of 40 percent
c @ or more. Favorable solvency indicates a debt-asset ratio of 40 percent or less. Adding across, numbers may not total exactly to 100
é g percent because of rounding.
» g SOURCE: U.S. Department of Agriculture. 1988. Financial Characteristics of U.S. Farms, January 1, 1988. Agriculture Information Bulletin
S Q No. 551. Economic Research Service. Washington, D.C.
< 2
S . . . S .
20 Meanwhile, the United States in increasing its imports of high-value products such as processed foods and
2 2 horticultural products. The United States accounts for about 10 percent of the value of world trade in high-value
'g) S markets, primarily through exports of soybean meal, tobacco, cigarettes, cattle hides, and corn-gluten feed.
g
G
c
ke
5|
c
(0]
%]
(]
S
e
s
S
o
2
(]
c
B2
c
'_
o
w
a
o
2
E=]
5
o
Q
<

use the print version of this publication as the authoritative version for attribution.

to the original; line lengths, word breaks, heading styles

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1208.html

()
=}
2
=
(0]
o
©
(9]
X
®©
(0]
o
Q0
(0]
(o))
©
o
»
o
2
o
£
&=
=)
(O]
(2]
(]
o
>
Z
T
£
i)
2
(o]
(0]
e
£
£
o
oS
£
=
o
C
=
o
o
Ke)
-
[0}
Q.
©
(o8
IS
<
S
2
o
(0]
K
<
€
(@]
o
£
©
]
o
(3]
(0]
o
o
[%2]
o
2
-
S
X
€
(@]
o
£
©
]
[72]
o
Q.
€
(o]
(]
(0]
o
[
o
[0}
Ke)
(2]
©
N
-
=
o
2
w
£
i)
2
(o]
(0]
K
£
=z
(@]
[
S
2
©
o
[
(O]
(2]
0]
o
Q.
(0]
o
I
=
i)
©
2
(0]
[
@
e
'_
s
2
[T
a
o
o
K
=
bt
=}
o
Q
<

(0]
(2]
©
o
o
5
(0]
h=
(0]
(2]
£
>
T
g
C
[0
o
Q
[&]
[v]
c
(0]
[0
Ke)
[0
>
©
c
>
(0]
€
[2]
2
o
o
=
(0]
XS]
<
Q.
[0
©
()]
o
o
>
Z
[0
£
o
[2]
o
C
(]
=
[0
£
©
T
(0]
o
[0}
Ke)
=
[e]
c
C
(]
o
2
[0
>
[
2
o
N
-
C
=
(]
€
£
Lo
ge)
=
[$]
[
Q.
P
[®)]
C
=
(0]
(%]
[0
o
>
Z
-
(0]
L
<
(o]
ie)
C
]
@
2
>
=
2]
()]
£
©
[33]
[0
Ny
g
x
[43]
(0]
o
o
©
o
o
2
&
L
=
[®)]
c
K}
[0
£
)
£
o
2
o
(0]
L
=
[e]
ie

o
iel
=
>3
2
=
£
©
=
<}
Rel
c
kel
7]
&2
o
>
[
=
E=
©
I
=
e}
<
S
>
®©
©
<
£
(2]
©
o
hel
=
T
o
s}
>
a
k2
<=
S
b
s}
c
kel
7]
&2
o
>
=
c
=
S
©
<
£
©
%}
S

PROBLEMS IN U.S. AGRICULTURE

95

A"
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40 ! \, total farm debt
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Figure 2-3

Farm debt-to-asset and net-cash-income-to-total-farm-debt ratio. Data exclude households.

SOURCE: U.S. Department of Agriculture. 1988. 1988 Agricultural Chartbook. Agriculture Handbook No. 673.
Washington, D.C.
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Figure 2-4

Volume of U.S. agricultural exports.

SOURCE: U.S. Department of Agriculture. 1988. 1988 Agricultural Chartbook. Agriculture Handbook No. 673.
Washington, D.C.
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Figure 2-5

Value of U.S. agricultural exports.

SOURCE: U.S. Department of Agriculture. 1988. 1988 Agricultural Chartbook. Agriculture Handbook No. 673.
Washington, D.C.
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Figure 2-6

Value of supplementary commodity imports.

SOURCE: U.S. Department of Agriculture. 1988. 1988 Agricultural Chartbook. Agriculture Handbook No. 673
Washington, D.C.
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$7 billion in 1977 to almost $14 billion in 1987 (Figure 2-6). The total value of agricultural imports reached
$20 billion in 1987.

OF PRODUCER INCOME

SUPPORT AS PERCENTAGE

United States Canada

Community

COUNTRIES

Figure 2-7

Average producer subside equivalents for grains, livestock, dairy, oilseeds, and sugar. The European Community is
Belgium, Denmark, France, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain, the United
Kingdom, and West Germany.

SOURCE: U.S. Department of Agriculture. 1988. 1988 Agricultural Chartbook. Agriculture Handbook No. 673.
Washington, D.C.

Increasing competition is also contributing to the rising cost of federal agricultural subsidies. The
government spend $25.8 billion in 1986 and $22.0 billion in 1987 for price supports and related activities. Of
this amount, $11.8 billion in 1986 and $16.7 billion in 1987 were direct payments to farmers (U.S. General
Accounting Office, 1988). Nonetheless, U.S. agricultural subsidies as a percentage of producer income are far
less than those of the EC, Canada, and Japan (Figure 2-7).

NATURAL RESOURCES

The diversity in plant and animal products produced in the United States has increased in the past three
decades, but individual farms have become more specialized. Technology has contributed to a shift from multi-
enterprise farming operations to those having as few as one or two income-generating
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crops or products. Recently, however, this trend of specialization has slowed down. Over the past decade, many
farmers have adopted alternative methods more consistent with the goals of profitability with less government
support and greater natural resource and human health protection.

The following section is a brief review of the adverse consequences that some current agricultural practices
have on natural resources and the environment. It must be emphasized that many conventional agricultural
practices are environmentally sound and are components of certain alternative strategies. The following analyses
are not intended to be fully comprehensive; however, they do illustrate the factors that must be considered in any
agricultural production system.

Water Quality

Surface Water

Water pollution is probably the most damaging and widespread environmental effect of agricultural
production. Agriculture is the largest nonpoint source of water pollution, which accounts for about half of all
water pollution (Chesters and Schierow, 1985; Myers et al., 1985). Under sections 304(f) and 305(b) of the
Clean Water Act of 1972 as amended, 17 states and Puerto Rico identified agriculture as a primary or major
nonpoint source of water pollution, and 27 states and the Virgin Islands identified it as a problem (Table 2-2)
(U.S. Environmental Protection Agency, 1984). Surface water damage from agriculture is estimated at between
$2 billion and $16 billion per year. These estimates are approximate, however, and may underestimate the long-
term costs of pollution.

Precipitation-and irrigation-induced runoff carries sediment, minerals, nutrients, and pesticides into rivers,
streams, lakes, and estuaries. Most experts consider erosion's effects on water resources to be greater than its
potential effects on productivity (National Research Council, 1986c; Schneider, 1986). The U.S. Department of
Agriculture (USDA) calculates that the economic cost of off-farm water pollution due to agricultural erosion is
from two to eight times the value of erosion's effect on productivity (U.S. Department of Agriculture, 1987a).
This comparison, however, is crude.

Sediment deposition and nutrient loading are major agricultural water pollution problems (Clark et al.,
1985; U.S. Department of Agriculture, 1987a). Agriculture accounts for more than 50 percent of suspended
sediments from all sources discharged into surface waters (U.S. Department of Agriculture, 1987a). In
predominantly agricultural regions, these percentages are higher; in other regions, agriculture's contribution is
less. Nationwide trends in surface water sediment deposition between 1974 and 1981 were significantly related
to cropland erosion within basins. They were not closely related to estimates of total basin erosion from
forestland, pastureland, or rangeland (Smith et al., 1987).
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TABLE 2-2 Agriculture (Including Feedlots) as a Nonpoint Source of Water Pollution by State or Territory

Agriculture Identified as a Primary or Major Nonpoint Agriculture Identified as a Nonpoint Source Pollution
Source of Water Pollution Problem
Delaware Montana Alabama Nevada
Idaho North Dakota Arizona New Jersey
linois Ohio Arkansas New Mexico
Indiana Oregon California New York
Iowa Puerto Rico Colorado North Carolina
Kansas South Dakota Florida Oklahoma
Kentucky Utah Georgia Pennsylvania
Minnesota Vermont Hawaii South Carolina
Mississippi Washington Louisiana Tennessee
Maine Virgin Islands
Maryland Virginia
Michigan West Virginia
Missouri Wisconsin
Nebraska Wyoming

SOURCE: U.S. Environmental Protection Agency. 1984. Report to Congress: Nonpoint Source Pollution in the U.S. Office of Water
Program Operations, Water Planning Division. Washington, D.C.

The principal consequence of sediment loading is increased turbidity, which causes decreased light for
submerged aquatic vegetation. Species that depend on aquatic vegetation for breeding and food can thus
experience stress and decline. Sediment also has direct economic consequences when it fills reservoirs, clogs
navigable waterways, reduces recreational use of waters, and increases operating costs of water-treatment
facilities. Between 675 million and 1 billion tons of eroded agricultural soils are deposited in waterways each
year (National Research Council, 1986c; Schneider, 1986; U.S. Department of Agriculture, 1986a). The USDA
(1988e) estimates that the removal from production of 30 million to 40 million acres of highly erodible land
through the Conservation Reserve Program (CRP) will reduce sediment delivery to surface waters by as much as
200 million tons per year.

Phipps and Crosson (1986) and the USDA (1987a) estimate that between 50 and 70 percent of all nutrients
reaching surface waters, principally nitrogen and phosphorus, originate on agricultural land in the form of
fertilizer or animal waste. Nitrate, which is relatively soluble, is carried in solution by water; phosphorus is most
often carried attached to sediment. From 1974 to 1981, 116 stations from the National Stream Quality
Accounting Network and the National Water Quality Surveillance System reported increasing nitrate
concentrations; only 27 stations reported decreases. Elevated nitrogen levels were strongly associated with
agricultural activity and atmospheric deposition of nitrogen in rainfall. Phosphorus deposition has been less
consistently observed because increases are closely linked to levels of suspended sediments. Nitrate moves with
water; thus, nitrogen movement
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into surface waters more fully reflects the effects of agricultural activity than phosphorus movement does.
Phosphorus moves as a passenger bound with sediment, much of which erodes from fields but is not deposited in
surface waters (Smith et al., 1987).

Flooding and extensive water runoff carry sediment, fertilizers, and pesticides into surface water. Agriculture
contributes one-half of all nonpoint surface water pollution. Flooding can also severely damage crops, land, and
buildings. Credit: Agrichemical Age.

Nutrient loading has had a devastating effect on many lakes, rivers, and bays throughout the country.
Increased nutrient levels, particularly of phosphorus, stimulate algal growth, which can accelerate the natural
process of eutrophication. In its later stages, the algal growth stimulated by nutrients will die and decay, which
can significantly deplete available oxygen and reduce higher-order aquatic plant and animal populations. The
accelerated eutrophication of the Chesapeake Bay is an excellent example of the consequences of nutrient
loading from agricultural and municipal sources. Nutrient loading in the bay has contributed to a significant
decline in the bay fisheries (Kahn and Kemp, 1985).

Sediment and nutrient runoff from agricultural land plays a part in estuary degradation. For 78 estuaries
examined by the USDA, agricultural runoff supplied on average 24 percent of all nutrient loading and 40 percent
of total sediment. In 22 of the 78 estuaries, agriculture contributed more than
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25 percent of total nitrogen and phosphorus pollution. High rates of pesticide runoff (greater than 30 percent
above the average of all coastal states) were found in 21 estuary systems. High nutrient and pesticide runoffs
were found in 15 systems (U.S. Department of Agriculture, 1988b).

Between 450 million and 500 million pounds of pesticides are applied to row crops each year. The majority
of these are herbicides, most of which are applied before planting, and many of which are incorporated into the
soil. Probably less than 5 percent of all pesticides applied reach a body of water (Phipps and Crosson, 1986). The
highest concentrations of pesticides are related to agricultural runoff into streams and lakes. In intensively
farmed states, such as Iowa, Minnesota, and Ohio, a number of the widely used corn and soybean herbicides
have been detected in rivers, many of which serve as drinking water sources. In humid areas where groundwater
contributes a major proportion of stream flow, some herbicides may be delivered to surface water via
groundwater (Hallberg, 1987).

It appears that many of these herbicides are not effectively removed from drinking water by conventional
treatment or more sophisticated carbon filtration systems (Table 2-3). Maximum and mean levels of 10
herbicides detected in treated drinking water in Ohio and Iowa are shown in Table 2-4. In Iowa, 27 of the 33
public water supplies from surface water sources tested, or 82 percent, had 2 or more pesticides detected in
treated drinking water samples; 73 percent had 3 or more; 58 percent had 4 or more; and 21 percent had 5 or
more (Table 2-5). These samples were collected after rainfall between mid-April and July 30, 1986, when most
herbicides are applied; consequently, they may represent a peak of exposure to those compounds. The mean
detection levels were below 4.0 parts per billion (ppb). Samples collected and analyzed by Monsanto between
May 1985 and March 1986, however, had only slightly lower percentages of detection for all herbicides except
alachlor, which was far lower, in treated drinking water from surface water sources (Wnuk et al., 1987).

Glenn and Angle (1987) studied the effect of tillage systems on runoff of the herbicides atrazine and
simazine in the Chesapeake Bay watershed. There was less runoff of water, atrazine, and simazine from the
untilled fields compared to conventionally tilled fields each year that a major rain occurred during the growing
season. From 1979 through 1982, total runoff from fields in the untilled watershed was 27 percent less than that
from the conventionally tilled watershed. The highest levels of atrazine in runoff water were 1.332 micrograms/
liter and 0.975 micrograms/liter in conventional tillage and no-tillage systems, respectively, or 1.6 and 1.1
percent of atrazine applied at 2 pounds/acre. The highest reported runoff of simazine at 2 pounds/acre was 0.456
micrograms/liter or 0.5 percent for conventional tillage and 0.210 micrograms/liter or 0.36 percent of the total
applied for no tillage. Most of the runoff occurred within 2 weeks of application. In 1981 and 1982, when rainfall
was delayed more than 2 weeks, levels declined substantially. Losses of up to 16 percent for atrazine and up to
3.5 percent for simazine have been reported (Glenn and Angle, 1987).
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TABLE 2-4 Pesticide Concentrations From Finished (Treated) Public Drinking Water Supplies Derived From Surface
Waters (in micrograms/liter)

Maximum Reported Residues Detected, lowa City, lowa, May 18-19, 1986
Pesticide Ohio Towa Mean in Iowa
Herbicides
Alachlor 14.3 8.8 1.1 8.8
Atrazine 30.0 24.0 3.8 15.0
Butylate — 0.3 0.27 —
Cyanazine 24 17.0 2.7 7.2
2,4-D — 0.2 0.23 0.2
Dicamba — 14 1.42 —
Linuron 0.6 — — —
Metolachlor 242 21.0 2.9 10.0
Metribuzin — 0.3 0.29 0.3
Simazine 1.0 — — —
Trifluralin — 0.1 0.132 —
Insecticide
Carbofuran — 14.0 — 6.0

NOTE: Maximum levels reported from studies in Ohio (D. Baker, 1985) and Towa (M. Wnuk et al., 1987), and multiple residues in Iowa
City, Iowa, tap water May 18-19, 1986.

2 Only one detection (see Table 2-3).

SOURCES: Baker, D. B. 1985. Regional water quality impacts of intensive row-crop agriculture: Lake Erie Basin case study. Journal of Soil
and Water Conservation 40(1):125-132; Hallberg, G. R. 1987. Agricultural chemicals in ground water: Extent and implications. American
Journal of Alternative Agriculture 2(1):3-15; Kelley, R. D. 1987. Pesticides in Iowa's drinking water. Pp. 115-135 in Pesticides and
Groundwater: A Health Concern for the Midwest. Navarre, Minn.: The Freshwater Foundation and U.S. Environmental Protection Agency;
Wnuk, M., R. Kelley, G. Breuer, and L. Johnson. 1987. Pesticides in Water Supplies Using Surface Water Sources. Iowa City, lowa: Jowa
Department of Natural Resources and University Hygienic Laboratory.

The USDA predicts that pesticide and fertilizer use may be reduced by 61 million pounds and 1.4 million
tons, respectively, from 1985 levels as a result of land idled under the CRP. Because idled land is highly
erodible, the reduction in fertilizers and pesticides reaching surface water through runoff may be proportionally
greater as a percentage of total pesticides and fertilizers applied (U.S. Department of Agriculture, 1988e).

Declining but detectable levels of many chlorinated hydrocarbon pesticides are still found in several fish,
shellfish, and bird species and waterborne sediments, particularly in the Great Lakes (Hileman, 1988). Levels of
dichloro diphenyl trichloroethane (DDT) in fish contributed to a dramatic decline in predatory bird populations,
such as the peregrine falcon, osprey, and bald eagle in the 1960s and 1970s. The use of most persistent organo-
chlorine pesticides has been phased out in the United States, although they continue to enter the environment as
inert ingredients in a few currently used pesticides, and through their continued use worldwide. Some of these
compounds are carried through the atmosphere and deposited far from
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their point of application. The presence of toxaphene, chlordane, and other chlorinated hydrocarbon compounds
in the Great Lakes is an example of this phenomenon (Hileman, 1988). The U.S. Environmental Protection
Agency (EPA) (1987) reports that other pesticides, notably the herbicide alachlor, have been detected at up to
6.59 ppb in rainwater.

TABLE 2-5 Number of Pesticides Detected in Treated Drinking Water Samples in Iowa

Number of Individual Number of Supplies with Population (number) Percentage of Water

Pesticides Detected in the Number of Pesticides Served by These Supplies Supplies in the Study

Treated Water Samples Listed in Column 1 Containing an Equal or
Greater Number of

Pesticide Residues Listed
in Column 1

1 3 136,725 91
2 3 2,828 82
3 5 33,222 73
4 12 115,485 58
5 3 239,386 21
6 3 15,874 9

7 1 20,000 3

SOURCE: Wnuk, M., R. Kelley, G. Breuer, and L. Johnson. 1987. Pesticides in Water Supplies Using Surface Water Sources. lowa City,
Iowa: Iowa Department of Natural Resources and University Hygienic Laboratory.

Mineralization and salinization of soils and irrigation wastewater are growing problems in irrigated
agriculture, primarily in the West. Soil salinization and mineralization reduce crop yields, and, if not corrected,
will ultimately leave the land unfit for agricultural purposes. The adverse reproductive effect of selenium on
waterfowl in the Kesterson wildlife refuge in California is the most publicized example of the nonagricultural
effects of salinization. The salinization and depletion of the Colorado River from its use as agricultural irrigation
water throughout its course is perhaps the most vivid example of agriculture's effect on water quality and
quantity in the West.

Amendments to the Clean Water Act in 1987 require states to report their principal nonpoint sources of
water pollution and programs in place to mitigate the problem. The act does not require implementation of
measures to reduce nonpoint source pollution of surface waters, however. In 1988, the USDA's National
Program for Soil and Water Conservation and the Rural Clean Water Program conducted 22 water quality
improvement projects around the nation. Other provisions of the Food Security Act of 1985, such as the CRP
and conservation compliance, will also help reduce agricultural nonpoint surface water pollution. Incentives
integrated into agricultural conservation and commodity programs will likely remain the most effective way to
reduce surface water pollution from agricultural sources, in lieu of further amendments to the Clean Water Act or
regulations promulgated under the act.
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Groundwater

Groundwater is the source of public drinking water for nearly 75 million people. Private water wells supply
water to an additional 30 million individuals. Nearly 50 percent of all drinking water, 97 percent of all rural
drinking water, 55 percent of livestock water, and more than 40 percent of all irrigation water is from
underground sources. Accumulating evidence indicates that a growing number of contaminants from agricultural
production are now found in underground water supplies (National Research Council, 1986b; U.S. Department
of Agriculture, 1987b, 1987d).

Increased use of nitrogen fertilizers and pesticides, particularly herbicides, over the past 40 years has raised
the potential for groundwater contamination. Greater use of feedlots that concentrate manure production also
heightens this risk. Several of the most widely used pesticides have the potential to leach into groundwater as a
result of normal agricultural use. The EPA has initiated a nationwide survey of pesticides in groundwater with
results anticipated in 1990. The high-priority pesticides in that survey are listed in Table 2-6 (U.S. Department of
Agriculture, 1987d).

Pesticides have been detected in the groundwater of 26 states as a result of normal agricultural practices
(Williams et al., 1988). The most commonly detected compounds are the herbicide atrazine and the insecticide
aldicarb. Aldicarb, the most acutely toxic pesticide registered by the EPA (LDsy*, 0.9 milligrams/kilogram), has
been found in 16 states; in many states, however, detections are isolated. Atrazine, the second most used
herbicide in the nation, has been found in the groundwater of at least 5 states, usually at levels between 0.3 and
3.0 micrograms/liter. Tests show that atrazine is oncogenic in laboratory rats. The EPA is currently reviewing
these studies but has not yet classified atrazine as an oncogen. The herbicide alachlor, recently banned in Canada
and classified by the EPA as a probable human carcinogen, is the next most commonly detected pesticide in
groundwater. It has been found in 12 states at a median concentration of 0.90 micrograms/liter. Pesticides
detected in groundwater as a result of agricultural use in 26 states are listed in Table 2-7. Pesticides detected in
groundwater used for drinking water in Iowa and Minnesota are listed in Table 2-8.

A survey by the U.S. Geological Survey (USGS) of 1,663 counties showed 474 counties in which 25
percent of the wells tested had nitrate-nitrogen (NO3N) levels in excess of 3 milligrams/liter (Figure 2-8). Levels
above 3 milligrams/liter are considered elevated by human activities, primarily nitrogen fertilizer use (Nielsen
and Lee, 1987). In 87 of the 474 counties, at least 25 percent of the sampled wells exceeded the EPA's 10
milligrams/liter interim standard for nitrate in drinking water. Prolonged exposure to levels exceeding this
standard can lead to methemoglobinemia (oxygen deficit in the blood), although reported instances of this
condition have been rare. The USDA (1987d) predicted that wells in an additional 149 counties may

* LDsq, or the Lethal Dose 50, is the dose of a substance that kills 50 percent of the test animals exposed to it. The lethal
dose can be measured orally or dermally.
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TABLE 2-6 Priority Pesticides in EPA's National Survey of Pesticides in Groundwater (in thousands of pounds)

Pesticide Type? Estimated Use” EPA Description

Acifluorfen H 1,399 Leacher

Alachlor H 85,015 Leacher

Aldicarb ILN 2,271 Mobile; marginal persistence

Ametryn H 96 Leacher

Atrazine H 77,316 Leacher

Bentazon H 8,410 Leacher; toxicological concern

Bromacil H 1,234 Leacher

Butylate H 55,095 Mobile; uncertain persistence; toxicological concern
Carbofuran ILA,N 7,695 Leacher

Chloramben H 6,069 Leacher

Chlordane 1 11 Persistent; possible direct contamination via termiticide use
Cyanazine H 21,626 Leacher

Cycloate H 52 Mobile; uncertain persistence; toxicological concern
2,4-D H 37,217 Marginal leacher; heavy use

Dalapon H 261 Leacher

DCPA H 196 Leacher

Dicamba H 4,158 Leacher

Dinoseb H 8,835 Leacher

Diphenamid H 698 Marginal leacher; toxicological data gaps
Disulfoton LA 2,105 Leacher

Diuron H 1,861 Leacher

Fenamiphos LN 348 Moderate leacher; toxicological concern
Fluometuron H 2,943 Leacher

Hexazinone H 11 Leacher

Maleic hydrazide H 287 Leacher; toxicological data gaps

MCPA H 9,861 Marginal leacher

Methomyl I 425 Leacher

Metolachlor H 37,940 Leacher

Metribuzin H 10,603 Leacher

Oxamyl ILA,N 51 Leacher

Picloram H 549 Leacher

Pronamide H 83 Leacher

Propazine H 1,287 Leacher

Propham H 445 Leacher

Simazine H 3,975 Leacher

2,4,5-T H 204 Marginal leacher

2,4,5-TP H 7 Marginal leacher

Terbacil H 833 Leacher

a Abbreviations: A = acaricide; H = herbicide; I = insecticide; N = nematicide.

b Thousands of pounds of active ingredient per year used for agricultural purposes only.

SOURCE: U.S. Department of Agriculture. 1987. The Magnitude and Costs of Groundwater Contamination From Agricultural Chemicals—
A National Perspective. Staff Report AGES870318. Economic Research Service. Washington, D.C.
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have contaminated water based on high susceptibility to contamination and fertilizer use (Figure 2-9)

(Nielsen and Lee, 1987).

TABLE 2-7 Confirmed Pesticide Detections in Groundwater Due to Normal

Agricultural Use
) Health

Advisory Median

Level Concentration®
Pesticide (parts per billion) States (parts per billion)
Alachlor 1.5¢ CT, FL, IL, 1A, KS, LA, MA, 0.90

ME, NE, PA, WI
Aldicarb 10 CA, FL, MA, NC, NY, RI, WI 9.00
Aldrin MS, SC 0.10
Arsenic X N/A
Atraton MD 0.10
Atrazine 3.0 CA, CO, CT, IL, 1A, KS, MD, 0.50
ME, NE, NJ, PA, VT, WI

BHC MS 2.70
Bromacil 80 CA, FL 9.00
Carbofuran 36 MA, NY, RI 5.30
Chlordane 0.03° MS 1.70
Chlorothalonil 1.5°¢ ME, NY 0.02
Cyanazine 9.0 IA, LA, MD, NE, PA, VT 0.40
1,2-D 0.0013¢ CA, CT, MA, NY 4.50
1,3-D 0.20¢ NY 123.00
2,4-D 70 CT, MS 1.40
DCPA 3,500 NY 109.00
DDT MS, NJ, SC 1.70
Diazinon 0.63 MS 162.00
Dibromochloropropane 0.02¢ AZ, CA 0.01
Dicamba 9.0 CT, ME 0.60
Dieldrin 0.00219¢ NE, NJ 0.02
Dinoseb 7.0 MA, ME, NY 0.70
Diuron 14 CA N/A
Endosulfan ME 0.30
Ethoprop NY N/A
Ethylene dibromide 0.0005¢ CA, CT, GA, MA, NY, WA 0.90
Fonofos 14 IA, NE 0.10

The USDA calculates that 1,437 counties, or 46 percent of all U.S. counties, contain groundwater

Copyright © National Academy of Sciences. All rights reserved.

susceptible to contamination from agricultural pesticides or fertilizers (Figure 2-10). An estimated 54 million
people living in these counties rely on underground sources of drinking water. The costs or benefits of
decontaminating this water are not currently quantifiable. It is likely, however, that contamination in certain
regions will persist for many years after remedial actions are taken (Nielsen and Lee, 1987). Several states
(including California, Florida, Iowa, New York, and Wisconsin) have developed strategies for dealing with
agriculturally induced groundwater contamination. But changes in agricultural practices to reduce groundwater
contamination are not widespread. The EPA is also developing a national
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Advisory Median

Level” Concentration”
Pesticids {parts per bilion} States {parts per billion)
Hexazinone 210 ME 8.00
Lindane 0.026 M35, Nj, 5C .10
Linuron WI 190
Malathion MS 41.50
Methamidophos ME 4.80
Methomyl 175 NY N/A
Methy! parathion 2.0 MS 88.40
Metolachior w0 CT, XL, 1A, PA, WI 0.40
Metribuzin 175 IL, 1A, KS, WI 0.60
Oxamyl 175 MA, NY, Rl 4.30
Parathion ND 0.03
Picloram 190 ME, ND, Wi 1.40
Prometon 100 ™ 16.60
Propazine 14 NE, PA 0.20
Simazine 35 Ca, CL MD, NE, NJ, PA, VT 0.30
Sulprofos 1A 1.40
TDE 0.031 MS 480
Toxaphene M5 3,205.00
Trifluralin 2.0 K8, MD, M5, NE 0.40

“The EPA sets the Proposed Lidetime Health Advisory Level. The EPA has not set Jevels for ail
pesticides.

viedian of the concentration of positive detections for all confirmed studies. If muitiple studies
were not done on a particular chemical, the single study aeverage is given. If the data base reports
a single positive well, then the average concentration reported for that well is given.

“For carcinngens, the Proposed Lifetime Health Advisory Level is based on the exposure levels
that present a 1 in a mullion risk of cancer in the exposed population.

sourcE: Williams, W, M., B W. Holden, D. W. Parsons, and M. N. Lorber. 1388. Pesticides in
Ground Water Data Base: 1988 Interim Report. Office of Pesticide Programs. U.S. Environmental
Protection Agency. Washington, D.C.

groundwater protection strategy. Once the EPA's ongoing survey of pesticides in groundwater is complete,
additional time will be needed to carry out detailed risk-benefit assessments required by the Federal Insecticide,
Fungicide and Rodenticide Act (FIFRA). The committee notes that opportunities exist today to reduce surface
water and groundwater contamination from agricultural chemicals through modified agricultural practices. Some
of the modifications include increased use of legumes as a nitrogen source, adoption of integrated pest
management (IPM), or shifts in regional cropping patterns.

The Effects of Irrigation

Irrigated agricultural acreage doubled from 25 million acres in 1949 to slightly more than 50 million acres
in 1978. Since then, total irrigated acreage
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in production has declined to about 45 million acres (U.S. Department of Agriculture, 1986a). The growth of
irrigation has been most dramatic in the western Great Plains. There, irrigation has increased the production of
corn and sorghum, thus contributing to the growth of cattle feedlot operations nearby. As large quantities of
water are used for irrigation, however, some water tables decline and the cost of irrigation can rise. Inefficient
irrigation practices have contributed to aquifer depletion in some regions. On sandy soils, certain irrigation
practices have contributed to the movement of pesticides and nitrate into groundwater.

TABLE 2-8 Pesticides Detected in Underground Drinking Water Supplies in Iowa and Minnesota

Common Name of Active Maximum Concentration Mean Concentration Percentage of Detections
Ingredient (micrograms/liter) in lowa (micrograms/liter) in lowa in Jowa and Minnesota*
and Minnesota® and Minnesota
Herbicides
Alachlor 16.6/9.8 0.5 15/11
Atrazine 21.1/42.4 0.2 72/72
Chloramben 1.7/N.D. — <1/0
Cyanazine 13.0/0.10 0.5 12/1
2,4-D 0.2/4.2 0.2 <12
Dicamba 2.3/2.1 0.3 2/2
Metolachlor 12.2/2.1 0.5 10/2
Metribuzin 6.8/0.78 0.5 9/2
Picloram N.D./0.13 — 0/1
Propachlor 1.7/0.52 0.3 1/3
Simazine N.D./2.6 — 0/<1
2,4,5-TP N.D./0.26 — 0/1
Trifluralin 0.2/N.D. — 1/0
Insecticides (and nematicides)
Aldicarb N.D./30.6 — 0/<1
Carbofuran 0.06/N.D. — 2/0
Chlorpyrifos 0.07/0.21 0.1 <172
Fonofos 0.90/N.D. 0.2 1/0
Phorate 0.10/N.D. — <1/0

NOTE: N.D. means not detected. A dash indicates insufficient data to calculate mean.

2 The two numbers listed for each active ingredient apply to Iowa and Minnesota, respectively.

SOURCE: Hallberg, G. R. 1987. Agricultural chemicals in ground water: Extent and implications. American Journal of Alternative
Agriculture 2(1):3-15.

Irrigation has made agriculture possible in areas previously unsuitable for intensive crop production, such as
the sandhills of Nebraska, parts of the central valley of California, and much of the arid West. In certain regions
of California, irrigation is depleting aquifers at rates up to 1.5 million acre-feet per year. Land subsidence of up
to 10 feet has resulted in some areas
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because of withdrawals in excess of recharge. In other areas of California, the groundwater table is rising,
waterlogging soils and threatening agricultural production. In parts of the Great Plains, such as northern Texas
and Oklahoma, where aquifer recharge is particularly slow, the Ogallala aquifer has been depleted to levels that
restrict agricultural use. Between 1980 and 1984, groundwater levels declined by 0.5 to 5.0 feet per year below
14 million acres of irrigated land (Table 2-9) (U.S. Department of Agriculture, 1987d).

TABLE 2-9 Acreage Irrigated in Areas With Declining Groundwater Supplies,a 1980-1984

State Total Area (acres, in Groundwater Decline Share (percent) of Total Average Annual
1,000s) Irrigated With Area (acres, in 1,000s)? Area Irrigated From Rate of Decline
Groundwater Declining Groundwater (feet)
Aquifers
Arizona 938 606 65 2.0-3.0
Arkansas 2,337 425 18 0.5-1.3
California 4,265 2,069 48 0.5-3.5
Colorado 1,660 590 36 2.0
Florida 1,610 250 16 2.5
Idaho 1,450 225 15 1.0-5.0
Kansas 3,504 2,180 62 1.0-4.0
Nebraska 7,025 2,039 29 0.5-2.0
New Mexico 805 560 70 1.0-2.5
Oklahoma 645 523 81 1.0-2.5
Texas 6,685 4,565 73 1.0-4.0
Total 30,924 14,032 45

 In the contiguous United States.

b Areas with at least one-half foot average annual decline.

SOURCE: U.S. Department of Agriculture. 1987. U.S. Irrigation—Extent and Economic Importance. Agriculture Information Bulletin No.
523. Economic Research Service. Washington, D.C.

Total groundwater-irrigated acreage rose significantly in the 1970s and early 1980s. Center pivot irrigation
alone increased from 3.4 million to 9.2 million acres between 1974 and 1983. Of the 30.9 million acres irrigated
with groundwater, over 14 million acres, or 45 percent, are in areas where groundwater is declining at least 1
foot per year (see Table 2-9). California, Kansas, and Nebraska account for more than 2 million acres each of
declining groundwater; Texas is responsible for more than 4 million acres.

Much of this land produces crops already in surplus. More than 10 million acres of cotton, corn, grain
sorghum, and small grains are produced with water from declining aquifers (Table 2-10). More than 1.4 million
acres of irrigated corn production in Nebraska are depleting groundwater between 0.5 and 2.0 feet per year. Most
irrigated acres receive high levels of fertilizers and other yield-enhancing inputs to boost yields. High yields
secure high per acre federal farm program payments, which help pay for the cost of irrigation. In several areas in
Nebraska that produce irrigated corn, pesticides and high levels of nitrate have been detected in groundwater. This
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contamination is prevalent in areas with sandy soils, which are highly porous.

TABLE 2-10 Irrigated Acreage of Surplus Crops in Areas of Groundwater Decline,a 1982 (in thousands)

State Cotton Corn Grain Sorghum Small Grains
Arizona 211 — 57 180
Arkansas 3 — — —
California 613 87 — 295
Colorado — 315 56 73
Idaho — — — 108
Kansas — 664 542 683
Nebraska — 1,456 123 44
New Mexico 72 55 96 126
Oklahoma 17 31 181 213
Texas 1,108 568 1,019 1,029
Total 2,024 3,176 2,074 2,751

NOTE: A dash indicates no irrigated crops.

 In the contiguous United States.

SOURCE: U.S. Department of Agriculture. 1987. U.S. Irrigation—Extent and Economic Importance. Agriculture Information Bulletin No.
523. Economic Research Service. Washington, D.C.

Irrigation in the arid West has been associated with mineralization and salinization of soils and water, as
well as groundwater depletion and surface and groundwater contamination. The Colorado River is perhaps the
most striking example of depletion of water resources. The Colorado River is so intensively used for municipal
water and agricultural irrigation that in very dry years there has been virtually no water left in the river as it
crosses the Mexican border. The New River in the Imperial Valley is an example of surface water pollution from
irrigated cropland.

As municipalities and industry demand a greater share of available water in the West, agriculture will have
to conserve. Conservation will require more prudent water use. It also may involve growing different crops and
using production systems that retain more moisture in the soil. Agriculture currently uses 85 percent of available
water in the West. The "use it or lose it" code of western water law encourages overuse of water based on fear of
losing rights to use it in the future. With modest conservation, however, there is enough water to go around. If
agriculture reduced water use through conservation by 15 percent, the amount of water available for municipal
and industrial use in the region would double.

Arizona's recent decision to place urban water needs ahead of agricultural use and to demand its share of the
Colorado River's water is the most dramatic example of changing western water priorities. In the future, market
forces and demand for western water will continue to alter use patterns, accelerating efforts and investments in
conservation practices designed to increase the efficiency of agricultural water use.
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The buildup of salts on irrigated cropland can severely reduce yields. This field of grain shows heavy damage by
salt. The principal method to reduce salinization of soils is to flush salts out of soils by flooding fields with water.
This method, however, moves salts downstream and requires large volumes of water.

Credit: Soil Conservation Service, U.S. Department of Agriculture.

Soil Erosion

Soil erosion remains a serious environmental problem in parts of the United States, even after 50 years of
state and federal efforts to control it. Common management practices such as increased reliance on row crops
grown continuously, fewer rotations involving forages, and larger farms being tilled by one operator have made
it difficult to conserve soil resources in some areas. Similarly, some federal farm programs, particularly the
commodity price and income support programs, have historically encouraged high levels of production that work
as a disincentive for effective erosion control practices.

Soil erosion causes off-farm as well as on-farm damage. Quantifying the economic cost to society of offsite
effects of erosion is difficult and estimates vary widely. Except for specific locations that have been studied
intensively, it remains impossible to reach reliable judgments about the relative magnitude of on-and off-farm
costs associated with erosion. The USDA calculated annual offsite damage at between $2 billion and $8 billion
annually. Each year, the 350 to 400 million acres of land used for agriculture are estimated to account for more
than 50 percent of suspended sediments deposited in surface waters (U.S. Department of Agriculture, 1987a).
Onsite erosion damage can reduce the productivity of land, labor, and capital on the farm, and increase the need
for fertilizer and other inputs. About one-fifth of U.S. cropland is subject to serious damage from erosion (Clark
et al., 1985; U.S. Department of Agriculture, 1987a). The impacts of onsite erosion have been
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estimated at between $1 billion and $18 billion per year, although the methodology to make such estimates is
complex, controversial, and of limited value (National Research Council, 1986c; Pimentel, 1987; U.S.
Department of Agriculture, 1987a).

Farm chemicals can reach dangerous levels in rivers that drain irrigated fields. Shown here is the New River
leaving the heavily irrigated Imperial Valley and entering the Salton Sea in southern California.
Credit: Richard Steven Street.

One part of the controversy involves what is being measured. For example, Crosson (1985) reported that
about $0.5 billion is necessary to offset the annual loss of soil nutrients by erosion; in contrast, Troeh et al.
(1980) reported that a total of $18 billion in soil nutrients is lost annually from agriculture. Crosson estimated the
nutrients directly available to crops each growing season; Troeh et al. estimated the value of all nutrients lost,
which included those directly available and those which would have been available after mineralization. There
are many other aspects of the controversy on the impact of soil erosion on productivity. They include water
runoff, water-holding capacity, organic matter, and soil depth (Pimentel, 1987).

It is generally recognized that soils with deep profiles are able to withstand erosion without an appreciable
drop in productivity. Thin soils over bedrock or other impermeable barriers are more vulnerable to erosion-
induced loss of productivity. Wind and water erode between 2.7 billion and
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Runoff from conventionally tilled cropland in Greene County, Ohio, pollutes surface water with sediments and
nutrients. The grass at the edge of the field and along the ditch filters some of the sediment from the runoff. Under
new conservation policies adopted in the Food Security Act of 1985, farmers will be helped to install grassy ditches
and filter strips to reduce agricultural runoff.

Credit: Soil Conservation Service, U.S. Department of Agriculture.

3.1 billion tons of soil from the nation's cropland each year (National Research Council, 1986¢; U.S.
Department of Agriculture, 1986a). One ton per acre is roughly equal to 1/150 of an inch per acre. More than
118 million acres of cropland are considered highly erodible under the current federal conservation compliance
provisions. According to the USDA, about 35 million of these acres are in compliance under current
management. More than 25 million additional acres have been enrolled in the CRP, which pays farmers to idle
highly erosive land for 10 years. When vegetation is in place on CRP land, the USDA estimates that erosion
could be reduced by up to 800 million tons per year (U.S. Department of Agriculture, 1988e¢). The remaining 58
million acres of highly erodible land either will be placed in the CRP or, by 1990, will require approval of
conservation plans to reduce erosion below tolerable levels (Table 2-11) (U.S. Department of Agriculture,
1988c). Farmers must fully implement these plans by 1995. Farmers not complying by that time will lose
eligibility for nearly all federal program benefits.

The USDA projects negligible productivity loss on about 345 million acres of farmland under current
practices and erosion rates. Such soils are expected
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to lose less than 2 percent of their productivity after 100 years. The USDA considers this loss insignificant
because annual productivity gains from new technology and improved management are projected to average at
least 1 percent per year. Again, the methodologies available to project long-term consequences of erosion-
induced productivity losses are crude and may not fully anticipate ways in which future technologies and
economic conditions could interact with soil quality. For example, if fossil fuel prices increases, nitrogen
fertilizer prices could rise because of higher prices for natural gas and energy needed in fertilizer production and
distribution. The future value of uneroded soils may rise appreciably because of the capacity to sustain high
levels of crop yields using rotations and leguminous cover crops.

The use of conservation tillage practices has increased since 1980. Nearly 100 million acres in 1987 were
farmed using some form of conservation tillage, compared with about 40 million in 1980. The main practice uses
crop residue management to provide a partial mulch cover on the soil surface. This is accomplished through
reduced tillage, primarily chisel plowing, which can decrease erosion rates by up to 50 percent. The use of no
tillage, strip tillage, and ridge tillage, which can reduce erosion by 75 percent or more, accounts for only about
16 million acres (U.S. Department of Agriculture, 1987a)

A large body of evidence indicates that intensive tillage practices associated with continuous monoculture
or short rotations may make soils more susceptible to erosion. Reganold et al. (1987) recently reported this
phenomenon on two neighboring farms in the Palouse region of Washington state. The fields on one farm were
worked for 38 years with conventional tillage and a shorter rotation. These fields had 6 inches less topsoil than
an adjacent farm where the fields were in longer rotations. Similar but fewer tillage operations were used on the
second farm. Water erosion research in the same area supports the conclusion that tillage and fertilization
practices associated with longer rotations, which often use legumes to supply nitrogen, are less prone to erosion.
Water erosion rates on similar fields of winter wheat were 13.1 tons per acre per year for fields not using
leguminous meadows in the rotation compared to 2.4 tons per acre for fields that included them (Reganold et al.,
1987).

Conventionally tilled soil with continuous intertilled crops almost always experiences a decline in organic
matter and some ability to retain moisture. All other factors being equal, soils that historically receive nutrients
in the form of manure or legumes tend to have higher levels of organic carbon and overall organic matter
(Power, 1987). Organic matter improves soil quality by increasing granulation, water infiltration, nutrient
content, soil biota activity, and soil fertility and productivity. Management systems that reduce or eliminate
synthetic fertilizer applications depend on increased microbial activity to make sufficient nutrients available to
sustain crop yields (Doran et al., 1987). Conventionally tilled fields without cover crops will likely have
diminished organic content and be more susceptible to erosion and leaching of applied chemicals (Hoyt and
Hargrove, 1986; Reganold et al., 1987).
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Genetic Diversity

U.S. agriculture produces a diverse array of crops and livestock. The genetic diversity of these crops has
been substantially redistributed in recent years, however. A limited number of improved varieties of crops
resistant to certain diseases and pests and responsive to fertilizers, management, and other inputs are now widely
used. Increased genetic potential and improved cultural practices share about equal credit for past productivity
gains. As a result, yield increases of 100 percent or more per acre have been recorded for most major
commodities (Fehr, 1984). Vast areas are now planted with wheat, corn, and soybean varieties that are closely
related and very uniform. Recent isozyme electrophoresis and zein chromatography analysis of 88 corn hybrids
identified 49 as genetically unique; the remaining 39 fell into 6 categories that these techniques were unable to
distinguish as different (Smith, 1988).

Concern for the genetic resources of domestic animals has been limited in spite of the decline in the
populations of many breed populations and increasing uniformity within dominant breeds. The situation for dairy
cattle is particularly acute. With the exception of Holsteins, most breed populations are decreasing. This may
eventually result in a decline in genetic variability within breeds. The Holstein breed is predominant; more than
90 percent of U.S. dairy cows are Holsteins (Niedermeier et al., 1983). Only 400 to 500 artificial insemination
sires impregnate about 65 percent of the 6 million to 7 million dairy cows bred each year in the United States.
And of the approximately 1,000 performance-tested dairy bulls used for artificial insemination in a given year,
nearly half are the sons of the 10 best bulls of the previous generation (U.S. Office of Technology Assessment,
1987). With practices like this, the genetic base will become narrower.

A few major producers control the production of eggs and poultry. The genetic diversity of the breeding
lines of chickens, which have undergone extensive selection for production in a controlled, high-input
environment, is likely to be quite limited. A similar trend is beginning to emerge in the swine industry, with the
development of specialized inbred lines raised under controlled conditions. There is a basis for concern regarding
the loss of potentially important variation in these species.

In the short term, genetically uniform plant and animal varieties can be resistant to certain pests and
therefore be very productive. They can, however, be susceptible to other pests. The number of pests to which the
variety or breed is susceptible can increase rapidly, resulting in vulnerability to devastating epidemics (National
Research Council, 1972). Genetic diversity within a crop variety provides some buffering against environmental
extremes, including pressures of diseases and insects. Likewise, planting several varieties of the same crop,
which differ genetically for resistance to diseases, together or in different fields decreases the likelihood of losses
due to a particular disease. This contributes to stability in yields and therefore stability in income for a farmer. In
the long term, unless genes are
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preserved and maintained in germplasm banks or in the wild, crop and livestock species will suffer an
irretrievable loss of genetic variability and, thus, reduce our ability to respond to specific stresses such as
diseases (Duvick, 1986).

The value of maintaining a diverse plant genetic resource base is illustrated in the case of the use of
classical plant breeding to control greenbugs in grain sorghum. The rapid increase in greenbugs caused an
estimated $100 million loss to the U.S. sorghum crop in 1968. In the following year, about $50 million was
expended for chemical insecticides on about 8 million acres. By 1976, however, resistance to the greenbug was
found in a sorghum variety and incorporated into hybrids, which were grown on about 4 million acres. This
example shows how common plant-breeding techniques, drawing on the genetic resource base for sorghum,
could reduce chemical dependence, pest control costs, and pest damage.

The subsequent emergence of a new biotype of greenbug illustrates another point. Biotype E of the
greenbug emerged in 1980 and attacked the previously resistant sorghum hybrids. Again, researchers have found
another resistant variety of sorghum, which is now in general use by sorghum hybrid producers. Because
insecticides to control greenbugs were not used for the length of time and in a manner that produced resistant
greenbugs, the chemical could be used later when an emergency arose.

Genetic resistance to pests in plants is widespread. The reservoir of plant genetic resources for biological
pest control is an extremely valuable pest control component. There are many other examples (including wheat
stem rust and European corn borer) where host plant resistance genes have continuously controlled a once-
serious pest for several decades after a devastating crop loss.

Effects of Pesticides

One of the consequences of widespread genetic uniformity in crops and livestock is that when pests appear
in epidemic numbers, they can have devastating effects on productivity. Existing pesticides are effective in
controlling many serious threats to production and assuring unblemished products for market. They have helped
maintain pest damage at between 5 and 30 percent of potential production in many cropping situations, including
highly uniform and often continuous monocultures that would otherwise be highly susceptible to severe pest
damage. However, the adverse effects of some pesticides are a serious problem in U.S. agriculture.

Although the data are not conclusive, evidence suggests that pesticide use creates several immediate health
hazards on the farm. There is growing evidence that pesticide use may pose serious health problems for farmers
and farmworkers. A 1986 study by the National Cancer Institute found that Kansas farmworkers who were
exposed to herbicides for more than 20 days per year had a 6 times higher risk of developing non-Hodgkin's
lymphomas (NHL) than nonfarm workers (Hoar et al., 1986). Follow-up work in Nebraska found that exposure
to the herbicide (2,4-Dichlorophenoxy) acetic
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acid (2.4-D) more than 20 days per year increased the risk of developing NHL threefold (Hoar et al., 1988).
Other studies have suggested a link between pesticide use and increased incidence of NHL and multiple
myeloma among farmers (Pearce et al., 1985; Weisenburger, 1985). In addition to the risk of developing cancer,
pesticides also increase the incidence of acute illness.

Acute exposure to pesticides may result in systematic or local disease. With systemic poisonings the clinical picture
reflects the known toxicology of the compound and occurs shortly after exposure. Cholinergic illness due to
cholinesterase inhibition from excessive organophosphate and carbamate exposure is the commonest type of
systemic poisoning. Other less common, but equally life threatening examples of acute poisonings include the
gastrointestinal, hepatic, renal, and pulmonary phases of paraquat poisoning, the metabolic stimulation that follows
excessive exposure to the nitrophenol group of pesticides, ... and the seizure disorders that herald the excessive
chlorinated hydrocarbon exposures (Davies, 1985).

A number of recent studies have documented farmer applicator exposure to organophosphate and carbamate
insecticides through residues in urine and cholinesterase reduction (American Farm Bureau Federation, 1988;
McDonald, 1987). Many farmworkers and their families, particularly migrant farmworkers, live and work in
close and regular proximity to pesticides and are exposed to far greater amounts of these compounds than the
average consumer. There is, however, no systematic monitoring of the health or exposure to pesticides of the
more than 2 million farmworkers, applicators, harvesters, irrigators, and field hands who work around pesticides.
Industrial workers who produce these pesticides receive the benefits of such monitoring.

Widespread and heavy use of pesticides in this country has severely stressed some animals, including
honeybee and wild bee populations (Brown, 1978). Honeybees and wild bees are vital to the production of about
$20 billion worth of fruits, vegetables, and forage crops. The large number of honeybees killed by pesticides
resulted in the Bee Indemnity Act of 1970 to compensate apiarists for such losses. The act was repealed in 1980.
But honeybees killed by pesticides use, loss of honey, and reduced crop yields account for at least $135 million
in losses each year (Pimentel et al., 1980).

Because ecological interactions are extremely complicated and have generally not been studied by the EPA,
the effect of pesticides on the environment is not well understood. The decline of predatory birds in the 1960s
and 1970s because of chlorinated hydrocarbon pesticide use, however, is well documented, as is their recovery
since the cancellation of these compounds. This recovery, however, is an anomaly. Although the ecological
effects of pesticides are thought to be substantial, human health risks have traditionally been given priority. The
EPA's special review of the insecticide carbofuran in October 1985 was the first time that an agricultural pesticide
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had been so treated solely on the basis of its effects on wildlife. The EPA is currently reviewing a number of
pesticides for ecological effects in conjunction with human health effects, including the widely used ethylene
bisdithiocarbamate (EBDC) group of fungicides and the insecticides dicofol and diazinon. The EPA has canceled
other pesticides, based partially on their effects on the ecology and wildlife. They include the insecticides DDT,
endrin, and toxaphene. The EPA, the Department of the Interior, and states are currently in the process of
implementing restrictions on more than 100 major pesticides to protect between 250 and 300 endangered plant
and animal species on croplands, rangelands, and forestlands in more than 900 counties, pursuant to the Federal
Endangered Species Act of 1973. When implemented, these restrictions could benefit plant and wildlife species
remaining on or around these lands.

Insecticides and fungicides are often applied to tree crops using blasters. Here, herbicides also have been used and
have killed all grass and weed growth beneath the trees. As a result, there is a limited habitat for beneficial insects.
Erosion may also become a problem.

Credit: Agrichemical Age.

Other unintended effects of pesticides include the resurgence of pests after treatment, occurrence of
secondary pest outbreaks, and development of pesticide resistance in target pests. When insecticides or other
pesticides are employed against one pest, its natural enemies or those of another pest may be reduced or
eliminated. The control of insects by broad-spectrum insecticides also destroys beneficial insect populations.
Populations of many previously innocuous species may then increase rapidly and cause major economic damage.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1208.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

PROBLEMS IN U.S. AGRICULTURE 124

After heavy applications of pesticides over many years, Colorado potato beetles are now resistant to most registered
insecticides and can cause severe damage in some crops, notably potatoes.
Credit: Mycogen Corporation.

In the early 1900s, for example, the major pests of cotton were the boll weevil and cotton leafworm
(Newsom, 1962). Since 1945 and the extensive use of toxaphene, DDT, methyl parathion, and other insecticides
on cotton, the cotton bollworm, tobacco budworm, cotton aphid, and spider mite have become more serious pests
than they were previously (National Research Council, 1975). In particular, the cotton bollworm and tobacco
budworm populations have grown because pesticides destroyed their natural enemies. In 1978, it was estimated
that in California 24 of the 25 top agricultural pests were secondary pests. The pesticides that wiped out their
predators created or aggravated their role or dominance as pests (Van den Bosch, 1980).

More than 440 insect and mite species and more than 70 fungus species are now known to be resistant to
some pesticides (National Research Council, 1986a). The committee expects that the problem will worsen. Pest
populations already resistant to one or more pesticides generally develop resistance to other chemicals more
rapidly, especially when the compounds work in the same way as previously used pesticides (National Research
Council, 1986a). To counteract this, increased pesticide resistance in insect,
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mite, and fungus populations, larger doses and more frequent applications of the previously used pesticides
become necessary. It often becomes necessary to combine pesticides or substitute a different type of pesticide to
achieve control. In some cases, more expensive, toxic, or ecologically hazardous pesticides have to be used. This
starts a cycle of shifting resistance and increased use of pesticides. For these reasons, increasing levels of
pesticide resistance in pest populations have significant environmental and economic costs.

Pesticides can also cause crop losses. This can occur when the usual dosages of pesticides are applied
improperly; when herbicides drift from a treated crop to nearby, susceptible crops; when herbicide residues
prevent chemical-sensitive crops from being planted in rotation or inhibit the growth of subsequent crops; and
when excessive residues of pesticides accumulate on crops, causing the harvested products to be destroyed or
devalued in the marketplace.

Beetles have seriously damaged potato plants in the foreground, despite insecticide treatments. A new biological
insecticide that controls the Colorado potato beetle and is less toxic than routinely used insecticides protects the
healthy plants.

Credit: Mycogen Corporation.
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Food Safety

Many of the chemical agents introduced into the food supply, including pesticides, fertilizers, plant-growth
regulators, and antibiotics can be harmful to humans at high doses or after prolonged exposure at lower doses.
Although cancer-causing chemicals have attracted the most concern, agricultural chemicals can also have
behavioral effects, alter immune system function, cause allergic reactions, and affect the body in other ways.

Concern about the adverse effects of synthetic chemical pesticides on human and animal health began in the
1950s when it was discovered that organochlorine pesticides such as DDT are very persistent in the environment
and can damage animal systems. In the following years, the use of pesticides increased dramatically, largely
because of their affordability, effectiveness, ability to cut labor costs, and a variety of economic incentives for
higher yields. Pest resistance also led to more applications per growing season. Increased use placed a growing
burden on regulatory agencies to ensure the safety and proper use of the compounds, and set the stage for
subsequent dietary exposure and environmental problems.

The two major problems facing policymakers attempting to regulate pesticides are the lack of data on the
health hazards of pesticides and a lack of accurate exposure data. A National Research Council (NRC) panel
estimated that data to conduct a complete assessment of health effects were publicly available for only 10
percent of the ingredients in pesticide products, mainly because of a lack of testing of older, widely used
pesticides (National Research Council, 1984). Pesticide producers and the EPA held more confidential data at
that time, however. And since 1984, more data have been generated on the chronic health effects of these
compounds. To date, insecticides accounting for 30 percent, herbicides accounting for 50 percent, and fungicides
accounting for 90 percent of all agricultural use have been found to cause tumors in laboratory animals (National
Research Council, 1987). There is still much scientific debate, however, over the extrapolation of the results of
these studies to adverse effects in humans. Lack of accurate human exposure data further complicates the
problem. A recent NRC report found little data on the actual levels of pesticides present in the human diet
(National Research Council, 1987). Although residue studies are being conducted, a complete picture of residue
patterns in the food supply is still lacking.

Based on available data, pesticide residues in the average diet do not make a major contribution to the
overall risk of cancer for humans (National Research Council, 1982, 1987). The risk, however, may not be
insignificant and in most cases can be substantially reduced. Fungicides pose a particularly difficult chronic
health problem. They account for more estimated oncogenic risk than herbicides and insecticides combined, but
few effective alternatives are available or under development (National Research Council, 1987). Further
complications in risk assessment are that fungicides are often used in combinations, and residues of several
oncogenic fungicides and other pesticides are commonly detected on the same crop.
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Although little research has been done, there is evidence of synergistic interactions among pesticides and
their contaminants with other compounds and with each other (DuBois, 1972; Knorr, 1975). In 26 percent of 15
fruits and vegetables tested by the Florida Department of Agriculture, residues of two or more pesticides
(including DDT, which was banned for agricultural use in 1972) were detected. This may understate actual
residues, however, because the analytical method used cannot detect some compounds widely used on these
crops. Although several pesticides are often present on a given food, pesticides continue to be regulated
individually (Florida Department of Agriculture, 1988; Mott, 1984).

Organic fertilizers (manures and sewage sludge) and some inorganic fertilizers present health hazards if
used inappropriately. These hazards include increased nitrate levels in some foods and water, which pose a
health problem when they are converted to nitrate through the action of bacteria and enzymes in the stomach.
Nitrate can also be further metabolized during digestion to form nitrosamines, which are strongly carcinogenic.
The potential accumulation of nitrate in parts of some crops is generally greater when nitrogen is supplied in the
synthetic chemical form because there is usually more nitrate available for uptake (Hodges and Scofield, 1983).

Nitrate percolation to groundwater and runoff from fields and feedlots are major water contamination
problems. Organic and inorganic fertilizers can cause these problems. Some sewage sludges, particularly those
from industry, can contain high levels of heavy metals. These metals, which include cadmium, chromium, lead,
and others, are toxic to most life forms and can accumulate in soil and in plant and animal tissues. The EPA has
established guidelines for the agricultural application of sludges that contain heavy metals to avoid toxic
accumulations in soil, forages, and vegetables. Additionally, sludges that are not dried and/or completely
composted can result in contamination of the soil with human pathogens (Maga, 1983; Poincelot, 1986;
Vogtmann, 1978).

In addition, a wide variety of food-borne illnesses constitute a significant health problem in the United
States. It is estimated that all types of food-borne illnesses are responsible for 33 million human illnesses and
9,000 human deaths in the United States each year (Young, 1987). A significant percentage of these can be
attributed to pathogenic bacteria of animal origin. The bacterial pathogens listeria and salmonellae, found in
contaminated dairy products, and salmonellae and campylobacter, found on some meat and poultry, have taken a
significant disease toll in recent years. According to the Centers for Disease Control, bacteria from animal
products account for approximately 53 percent of all outbreaks of food-borne illness for which a source was
determined (Tauxe, 1986).

Antibiotics

There has been scientific debate and concern about the subtherapeutic use of antibiotics in animal feed for
nearly 20 years (Ahmed et al., 1984;
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Council for Agricultural Science and Technology, 1981; Jukes, 1973; Kennedy, 1977; National Research
Council, 1980). The focus of concern is the frequent development of antibiotic resistance in pathogenic bacteria
as a consequence of antibiotic use in animals and in humans. Because many antibiotics used in animal feed are
also used in human medicine, antibiotic-resistant pathogenic bacteria, particularly salmonellae, could develop
and cause infections in animals and humans. The effectiveness of antibiotics for disease therapy would thus be
diminished (Institute of Medicine, 1989; Murray, 1984).

Hirsch and Wigner (1978) demonstrated the transmission of resistant pathogens from animals to humans.
This has been the subject of a thorough review (Feinman, 1984). But there are still few studies that document the
incidence of human disease caused by antibiotic-resistant pathogens of animal origin. Disease in humans due to
antibiotic-resistant salmonellae of animal origin is difficult to confirm and appears to be rare. Holmerg et al.
(1984), however, demonstrated that antibiotic-resistant salmonellae caused disease in humans who consumed
meat from animals harboring salmonellae. In a study of 542 human cases of salmonellosis in 1979, 28 percent of
the bacteria isolated were resistant to at least 1 antibiotic. Resistance to 2 or more antibiotics was found in 12
percent of the salmonellae strains (Tauxe, 1986).

In addition to an apparent increase in the incidence of salmonellosis in humans, there are data to show that
antibiotic resistance in the bacteria in animal intestinal microflora can be transmitted to humans because the
same antibiotic-resistant bacteria are found in the human intestinal tract (Institute of Medicine, 1989). This
increases the concern that antibiotic resistance in animal pathogens might spread from animals to humans. The
risk that this transmission poses to human populations is a matter of intense scientific debate. Meanwhile,
antibiotic use continues to increase.

A recent report by an Institute of Medicine (IOM) committee assessed human health risks resulting from the
subtherapeutic use of penicillin and tetracyclines in animal feeds (Institute of Medicine, 1989). Although the
IOM committee recognized that there is little direct evidence implicating subtherapeutic use of antimicrobials as
a potential human health hazard, the committee found substantial indirect or circumstantial evidence indicating a
potential human health risk from subtherapeutic use of antibiotics in animal feeds. This evidence includes the
following:

* The use of antimicrobials in a variety of doses generates a strong selective pressure for the emergence of
drug-resistant bacteria.

* Antimicrobial resistance among isolates of salmonellae from farm animals is prevalent because of
extensive antimicrobial use on farms.

* Animal and poultry carcasses in meat-processing plants are often found to be contaminated with
intestinal pathogens resistant to antimicrobials.

* Human infections from salmonellae or other enteric bacteria may follow handling and ingestion of
improperly cooked meat or food products from animals contaminated with these organisms.
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In assessing human health risk, the committee used a risk model that estimated the number of deaths from
salmonellosis attributable to use of antimicrobials in animal feeds for prophylaxis and growth promotion and
concluded that the likeliest estimate was in the range of 40 deaths per year (Institute of Medicine, 1989). Further,
it found that increased difficulty of treatment probably led to 20 additional deaths per year. The committee
estimated that less than half of these deaths were from the use of antimicrobials in growth promotion. It
recognized, however, that the distinction between the use of these antimicrobials for growth promotion and
prophylaxis may not be great. The committee did not estimate incidences of morbidity because even fewer data
were available. For the same reason, it did not estimate deaths due to other infectious organisms that cause food-
borne illnesses and are known to develop resistance to the antimicrobials. The committee's conclusions
suggested that reductions in subtherapeutic antibiotic use would lessen the severity of human disease
complications following infection with salmonellae. Because data are limited, it is not possible to predict
accurately the magnitude of public health gains that would result from a reduction of antimicrobial use in
livestock agriculture.

Human health concerns from antibiotic use go beyond bacterial resistance. Drug residues in food may also
present risks. Many types of animal drugs are available to lay persons or farmers without the necessity of a
veterinarian's prescription. Furthermore, it appears that even antibiotics limited to veterinary prescriptions are
also widely available to lay persons (U.S. Congress, 1985). An example of the inappropriate use of antibiotics is
the use of chloramphenicol. Chloramphenicol was never approved for any use in food-producing animals;
however, residues of chloramphenicol have been detected in animal food products (U.S.Congress, 1985). The
drug's sale in large containers, which was designed for the treatment of dogs, was banned by the U.S. Food and
Drug Administration (FDA) in 1986 in an attempt to discourage the mixing of chloramphenicol with animal feed
(US. Food and Drug Administration, 1986). Chloramphenicol nonetheless continues to be used in food-
producing animals. Recent surveys of milk in New Jersey, New York, Oregon, and Pennsylvania found residues
of chloramphenicol in 15 to 20 percent of the samples analyzed (Brady and Katz, 1988). Its only FDA-approved
use is for pet animals under veterinary care.

University-and government-sponsored studies have found sulfamethazine residues in meat and milk (Brady
and Katz, 1988). Sulfamethazine is available over the counter only in combination with other antibiotics, for use
in swine and cattle. It is not allowed for use in lactating dairy animals. Surveys of commercial milk, however,
revealed that in certain parts of the country, greater than 50 percent of the samples had detectable sulfamethazine
residues. The human health hazard from these residues is not clear, although the compound may be carcinogenic
in rodents (U.S. Food and Drug Administration, 1988). Further, approximately 3 percent of the human
population is allergic to sulfamethazine and many other antimicrobial drugs that may contaminate food products
(Bigby et al., 1986).

The FDA surveillance programs for the detection of violative residues of
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all veterinary antibiotics and chemicals are limited. Field investigations into tissue residue violations have
revealed areas where the FDA may need to concentrate its enforcement activities. Dairy cows culled from herds
had the highest rate of violative residues, followed by Bob veal calves (calves slaughtered at less than 4 weeks of
age). In addition, 18 percent of the violative tissue residues in meat were from intramammary medication. Of
these residues, 85 percent were derived from gentamicin, a drug not approved by the FDA for intramammary use
and legally available only through veterinarians (Paige and Kent, 1987). These problems point out the need to
improve the effectiveness of the FDA's regulation of animal drugs.

SUMMARY

Many economic and environmental factors have converged in the 1980s to make alternative farming
practices more appealing. Exports have declined since 1981. Although the situation is improving, sectors of the
agricultural economy continue to experience hardships. Despite the fact that net farm income has reached record
levels, federal programs support an unprecedented percentage of total net farm income.

Nonpoint surface water pollution and contamination of groundwater by agricultural chemicals are
recognized as environmental problems. Soil erosion remains serious in certain regions. In subhumid and arid
regions, irrigation practices continue to deplete aquifers and cause salinization of agricultural land and water.
Antibiotic and pesticide residues in food present risks that, while difficult to quantify and evaluate, can be
reduced through alternate management systems. The ecological effects of certain pesticides are considered to be
significant in some regions, although they remain largely unstudied.

In response to these factors, some farmers are beginning to implement a range of alternative practices. The
scientific bases for the major components of alternative agricultural systems are presented in Chapter 3.
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3

Research and Science

ALTERNATIVE AGRICULTURE is a systems approach to farming that is more responsive to natural
cycles and biological interactions than conventional farming methods. For example, in alternative farming
systems, farmers try to integrate the beneficial aspects of biological interaction among crops, pests, and their
predators into profitable agricultural systems. Alternative farming is based on a number of accepted scientific
principles and a wealth of empirical evidence. Some of both are presented in this chapter. The specific
mechanisms of many of these phenomena and interactions need further study, however. In general, much is
know about some of the components of alternative systems, but not nearly enough is known about how these
systems work as a whole.

Examples of practices or components of alternative systems that the committee has considered are listed
below. Some of these practices are already part of conventional farming enterprises. These practices include:

* Crop rotations that mitigate weed, disease, and insect problems; increase available soil nitrogen and
reduce the need for synthetic fertilizers; and, in conjunction with conservation tillage practices, reduce
soil erosion.

» Integrated pest management (IPM), which reduces the need for pesticides by crop rotations, scouting,
weather monitoring, use of resistant cultivars, timing of planting, and biological pest controls.

* Management systems to improve plant health and crops' abilities to resist pests and disease.

* Soil-conserving tillage.

* Animal production systems that emphasize preventative disease management and reduce reliance on
high-density confinement, costs associated with disease, and need for use of subtherapeutic levels of
antibiotics.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1208.html

Alternative Agriculture

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

RESEARCH AND SCIENCE

136

ADVOCATES AND PRACTITIONERS OF ALTERNATIVE FARMING SYSTEMS

Individuals who adhere to philosophies that advocate nonconventional farming practices. Some farmers
never changed to the chemically intensive, specialized approach to crop and animal production that
currently dominates U.S. agriculture. These farmers include followers of traditional organic farming
movements, such as biodynamic agriculture and the systems advocated by Albert Howard and Eve
Balfour (Balfour, 1976; Howard, 1943). These individuals also include farmers who farm organically
because of religious beliefs, such as some Amish and Mennonite farmers of Pennsylvania and the
Midwest. Others have practiced a generic form of organic farming not associated with any of the
established organic movements (Harwood, 1983).

Farmers looking for new ways to reduce production costs. Throughout the United States, individual
farmers have recognized that heavy purchases of off-farm inputs can put them in a less competitive
economic position. These farmers have modified their farming practices, often in innovative ways, to
reduce production costs. Examples include a wide variety of conservation tillage systems; the use of
legume-fixed nitrogen through rotations; interplanting; the substitution of manures, sewage sludges, or
other organic waste materials for purchased inorganic fertilizers; and the use of IPM systems and
biological pest control.

Farmers responding to consumer interest in chemical-free organic produce. Many enterprising farmers
producing agronomic and horticultural crops, milk, eggs, poultry, beef, and pork without synthetic
chemical inputs have taken advantage of the fact that many consumers and businesses are willing to
pay higher prices for these sorts of products. In response to market demand, several commercial
supermarket chains have recently begun to market produce grown with no or very low levels of certain
synthetic chemical pesticides at prices roughly comparable to those of conventionally grown produce.
Farmers responding to concerns about the adverse impact of many conventional farming practices on
the environment. Environmental groups and soil conservation organizations have raised public
awareness of the environmental hazards of conventional agricultural practices. As a result of these
hazards and personal concern for the environment, some farmers have adopted alternative farming
practices that are helping to reduce the deterioration of our nation's soil and water resources.

University research scientists. Critics have attacked the colleges and schools of agriculture in the land-
grant universities and the U.S. Department of Agriculture (USDA) for not researching farming systems
that protect the environment and reduce dependence on synthetic chemical inputs. But many individuals
at these institutions have been investigating for years practices and systems that have alternative
agricultural applications. Examples,
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include integrated pest management (IPM), biological controls of pests, rotations, nitrogen fixation,
timing of fertilizer applications, disease-and stress-resistant plant cultivars, conservation tillage, and use of
green manure crops. These research efforts have fostered some important changes in U.S. agriculture. As
greater effort is made toward implementing the results of this research, more progress can be expected in
the future. Much of the scientific knowledge of alternative practices summarized below is the result of
research at the land-grant universities and the USDA.

e Alternative agriculture organizations. Groups such as Practical Farmers of lowa, the Land Stewardship
Project, the Institute for Alternative Agriculture, the Regenerative Agriculture Association, the Center for
Rural Affairs, the Land Institute, and many others have worked to provide farmers with information on
alternatives. They have organized research and demonstration projects, lobbied state legislatures and
Congress for research and demonstration support, and produced numerous technical publications and
reports with information designed to help and encourage farmers to adopt alternatives.

* Genetic improvement of crops to resist pests and diseases and to use nutrients more effectively.

Many alternative agricultural systems developed by farmers are highly productive (see the boxed article,
"Advocates and Practitioners of Alternative Farming Systems," and Part Two). They typically share much in
common, such as greater diversity of crops grown, use of legume rotations, integration of livestock and crop
operations, and reduced synthetic chemical use. Although many practices show great promise, the scientific
bases for many of them are often incompletely understood.

During the last four decades, agricultural research at the land-grant universities and the USDA has been
extensive and very productive. Most of the new knowledge has been generated through an intradisciplinary
approach to research. Scientists in individual disciplines have focused their expertise on one aspect of a
particular disease, pest, or other agronomic facet of a particular crop. Solving on-farm problems, however,
requires more than an intradisciplinary approach. Broadly trained individuals or interdisciplinary teams must
implement the knowledge gained from those in individual disciplines with the objective of providing solutions to
problems at the whole-farm level. This interdisciplinary problem-solving team approach is essential to
understanding alternative farming practices.

Agricultural research has not been organized to address this need except in a few areas, such as IPM, the
use of organic residues as an alternative nutrient source, and the use of leguminous green manure crops and
rotations for erosion control and as a nitrogen source. Even this research has not significantly contributed to the
adoption of alternative agricultural systems for two principal reasons. First, most research has focused on
individual
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farming practices in isolation and not on the development of agricultural systems. This is because of the high
expense of farming systems research, the intradisciplinary nature of university research, and lack of resources.
Second, most research results have been implemented under policies that encouraged ever-increasing per acre
yields as the best way to increase farm profits and the world food supply.

In contrast, alternative farming research must include the interaction and integration of all farm operations
and must consider the more comprehensive goals of resource management, productivity, environmental quality,
and profitability with minimal government support. Only a limited amount of research has taken this
comprehensive approach. Nevertheless, the scientific literature about specific farm practices and the empirical
evidence from individual operators illustrate the efficacy and potential of alternative farming methods and
provide the foundation on which to build a program of alternative farming research.

Important elements of the scientific knowledge base relevant to further development of alternative
agricultural systems are briefly reviewed in the following sections. Knowledge of biological systems and the
management of their interactions throughout agricultural ecosystems are emphasized.

CROP ROTATION

Crop rotation is the successive planting of different crops in the same field. A typical example would be
corn followed by soybeans, followed by oats, followed by alfalfa. Rotations are the opposite of continuous
cropping, which involves successively planting the same field with the same crop. Rotations may range between
2 and 5 years (sometimes more) in length and generally involve a farmer planting a part of his or her land to each
crop in the rotation. Rotations provide many well-documented economic and environmental benefits to
agricultural producers (Baker and Cook, 1982; Heady, 1948; Heady and Jensen, 1951; Heichel, 1987; Kilkenny,
1984; Power, 1987; Shrader and Voss, 1980; Voss and Shrader, 1984). Some of these benefits are inherent to all
rotations; others depend on the crops planted and length of the rotation; and others depend on the types of tillage,
cultivation, fertilization, and pest control practices used in the rotation. When rotations involve hay crops, on-
farm livestock or a local hay market are generally required to make the hay crop profitable.

Much of the literature on crop rotations refers to the rotational effect (Heichel, 1987; Power, 1987). This
term is used to describe the fact that in most cases rotations will increase yields of a grain crop beyond yields
achieved with continuous cropping under similar conditions. This rotational effect has been shown to exist
whether rotations include nonleguminous or leguminous crops. Corn following wheat, which is not a legume,
produces greater yields than continuous corn when the same amount of fertilizer is applied (Power, 1987). The
increase in crop yields following a leguminous crop is usually greater than expected from the estimated quantity
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of nitrogen supplied (Cook, 1984; Goldstein and Young, 1987; Heichel, 1987; Pimentel et al., 1984; Voss and
Shrader, 1984). In fact, yields of grains following legumes are often 10 to 20 percent greater than continuous
grain regardless of the amount of fertilizer applied.

Between 40 and 45 percent of the U.S. corn crop is grown in continuous monoculture. Corn grown continuously
generally requires greater use of fertilizers and pesticides than corn grown in rotation. This corn field is 10 miles
from Kearney, Nebraska, which can be seen on the horizon.

Credit: U.S. Department of Agriculture.

Many factors are thought to contribute to the rotational effect, including increased soil moisture, pest
control, and the availability of nutrients. It is generally agreed, however, that the most important component of
this effect is the insect and disease control benefits of rotations (Cook, 1984, 1986). The increase in soil organic
matter particularly in sod-based rotations, may
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be the basis for the improved physical characteristics of soil observed in rotations. This may account for some
yield increase. Certain deep-rooted leguminous and nonleguminous crops in rotations may use soil nutrients
from deep in the soil profile. In the process, these plants may bring the nutrients to the surface, making them
available to a subsequent shallow-rooted crop if crop residue is not removed.

Contour strip cropping can reduce erosion and pest infestation. When a legume is included in a rotation, such as the
corn-wheat-alfalfa rotation shown here, nitrogen fertilizer needs can be decreased.
Credit: Grant Heilman.

Another benefit common to all rotations is the control of weeds, insects, and diseases, particularly insects
and diseases that attack the plant roots (Cook, 1986). This pest control is achieved primarily through the seasonal
change in food source (the crop), which usually prevents the establishment of destructive levels of pests. As root
disease and insect damage are reduced, the healthy root system is better able to absorb nutrients in the soil,
which can reduce the rates of fertilizers needed (Cook, 1984). Healthy root systems also take up nutrients more
effectively, thus reducing the likelihood of nutrient leaching out of the root zone.

Rotations with particular crops or crop combinations can provide additional benefits. Legumes in rotations
will fix nitrogen from the atmosphere into the soil. The amount of nitrogen fixed depends on the legume and the
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management system; however, without any additional nitrogen fertilizers, leguminous nitrogen can support high
grain yields (Heichel, 1987; Voss and Shrader, 1984). The length of the rotation and yield expectations of the
farmers, however, influence the level and acceptability of these yields.

Hay and forage crops and closely sown field grain crops, such as wheat, barley, and oats, can provide some
soil erosion control benefits in rotations. In some eroding areas with steep terrains, the practice of strip cropping
corn (a row crop) with wheat (a closely sown crop) or a hay crop, such as alfalfa, is a common use of rotations to
slow erosion. It must be stressed, however, the tillage practices greatly influence the erosion control benefits of
crops planted in rotations (Elliott et al., 1987). For example, a rotation of corn, soybeans, and wheat is excellent
for disease control but not for erosion control unless no tillage or reduced tillage is used.

An indirect but important benefit of all rotations is that they involve diversification. The benefits of
diversification are described in more detail later in this chapter. In general, however, diversification provides an
economic buffer against price fluctuations for crops and production inputs as well as the vagaries of pest
infestations and the weather.

Rotations may have their disadvantages, however, particularly in the context of current government
subsidies and requirements for federal program participation (see Chapter 1 and 4). Rotations that involve
diversifying from cash grains to crops such as leguminous hays with less market value involve economic
tradeoffs (see Chapter 4). Adopting the use of rotations may also require purchasing new equipment. As with all
sound management practices, rotations must be tailored to local soil, water, economic, and agronomic conditions.

PLANT NUTRIENTS

Soil, water, and air supply the chemical elements needed for plant growth. Photosynthesis captures energy
from the sun and converts it into stored chemical energy by transforming carbon dioxide from the air into simple
carbohydrates. This stored chemical energy becomes the fuel for all life on earth. Water is also needed to provide
essential elements, transport nutrients and sugars within plants, serve as a medium for essential chemical
reactions, and provide structural form and strength by exerting turgor pressure from inside plant cells. Nutrient
elements essential to the chemical reactions that occur within the plant are taken up from the soil through the
roots. If nutrient elements or water are not adequately available at the time they are needed, plant growth and
development will be affected. Growth and yield will be reduced or the plant may die.

Plants need three soil-derived nutrient elements in large amounts—nitrogen, phosphorus, and potassium.
These elements are frequently not available in adequate amounts from soil. Nitrogen is a constituent of all
proteins and a part of chlorophyll, the pigment that reacts to light energy. Nitrogen is a component of nucleic
acids and the coenzymes that facilitate cell reactions.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1208.html

Alternative Agriculture

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

RESEARCH AND SCIENCE 142

Phosphorus, as a component of adenosine triphosphate (ATP), is critical to the development and use of
chemical energy within the cell. Phosphorus is also a constituent of many proteins, coenzymes, metabolic
substrates, and nucleic acids. Unlike nitrogen and phosphorus, potassium does not have a clear function as a
constituent of chemical compounds within the plant. It is important in regulatory mechanisms affecting
fundamental plant processes, such as photosynthesis and carbohydrate translocation. In addition to these three
nutrients, other soil-supplied nutrients are essential to plant growth and development: boron, calcium, chlorine,
cobalt, copper, iron, magnesium, manganese, molybdenum, sulfur, and zinc. These elements are needed in small
amounts that are often available in soil.

Soil Properties and Plant Nutrients

Soil Texture

The mineral particles that make up the soil are classified on the basis of their size. Clay particles are the
smallest, silt is intermediate, and sand particles are the largest. The relative proportions of clay, silt, and sand
determine soil texture. Soil texture has a critical influence on water and nutrient retention and movement through
the soil. The large pores among grains of sand in a sandy soil allow water to pass through with relative ease,
whereas the small pores formed in clay soils slow the flow and retain water.

Soil particles can exist separately or they can be bound together in larger aggregates. Organic colloids and
clays play a critical role in binding soil particles into soil aggregates, which increase pore space and water and air
movement.

Cation Exchange

The molecular surfaces of clays and organic colloids have a net negative charge that interacts with the polar
charge of surrounding water molecules. This causes the colloids to bind with positively charged ions of elements
(cations). Because cations have differing abilities to bind with soil colloids, one cation may displace another; this
is referred to as cation exchange. Displacement depends on relative bond strength and relative concentration. The
cation exchange capacity of a soil is an expression of the number of cation-binding sites available per unit weight
of soil (Foth, 1978). This capacity has a significant effect on nutrient movement and availability and binding of
pesticides in different soils. Because hydrogen ions are cations that compete with nutrient cations for exchange
sites, soil acidity, which is a measure of hydrogen ion concentration, has a marked effect on which nutrient
elements are bound and which are displaced.
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Soil Quality

The quality of agricultural soils is derived from their effectiveness as a medium that provides essential
nutrients and water. Mineral elements in soil required for plant growth exist in soluble and insoluble forms,
which affects their availability for plant uptake. For example, under acidic or alkaline soil conditions,
phosphorus fertilizer is rapidly converted into less soluble compounds that may be nearly unavailable for plant
nutrition. Even available forms of phosphorus are bound to clay, and organic soil compounds and are relatively
immobile in the soil profile except as a passenger during soil erosion. In contrast, potassium and the ammonium
and nitrate forms of nitrogen are more soluble than phosphorus. Nitrate ions are not held by negatively charged
soil and are readily leached. Because of their positive charges, potassium and ammonium nitrogen are held on
the cation exchange and will not leach appreciably except through sandy soils.

Organic matter in soils influences plant growth in a number of ways. The greatest benefits of organic matter
in soil are its water-holding capacity; the manner in which it alters soil structure to improve soil tilth; its high
exchange capacity for binding and releasing some mineral nutrients; its presence as a food source for soil
microbiota that recycle soil nutrients; and its mineralization to nitrogen, phosphorus, and sulfur. The cycling of
mineral nutrients between living organisms and dead organic components of the soil system provides an
important reservoir of the elements needed in plant growth.

Nutrients are lost from soil through removal by crops, leaching, and soil erosion. Nitrate nitrogen can also
be lost from the soil by conversion to nitrogen gases (denitrification) or by volatilization of ammonia. Gaseous
loss of sulfur can also occur. Some farming practices help to mitigate the loss of nutrients and in some cases
replace nutrients. For example, crop rotations that include nitrogen-fixing legumes benefit the soil in several
ways. Legumes, in symbiotic relationships with microbes, fix atmospheric nitrogen into nitrogen compounds
available for plant nutrition. When legumes are plowed under as green manures, they add nitrogen and organic
matter to the soil. Cover crops help hold nitrogen in the root zone during the winter.

The accumulated scientific knowledge on the role and fate of mineral elements, organic matter, and water in
crop growth provides some indication of why some alternative farming practices succeed and others fail.
Characteristics of a particular crop or farming system that yield maximum efficiency are not well understood,
however. The task remains to assemble the interdisciplinary expertise needed to analyze and understand the
complex relationships that contribute to the relative efficiencies of different farming systems.

Nutrient Management

The adequate supply of nutrients—particularly nitrogen, phosphorus, and potassium—and maintenance of
proper soil pH are essential to crop growth.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1208.html

Alternative Agriculture

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

RESEARCH AND SCIENCE 144

Ideally, soil nutrients should be available in the proper amounts at the time the plant can use them; this
avoids supplying an excess that cannot be used by plants and may become a potential source of environmental
contamination. The current conventional approach is to apply nutrients in the form of fertilizers at levels needed
for maximum profitability. Profitability in the context of current government programs has generally been
achieved, however, through maximum yield per acre, often in continuous cropping or short rotations that require
significant amounts of fertilizer. The nutrients in any excess fertilizer or high levels of decomposing organic
matter are subject to leaching or runoff.

An alternative, more environmentally benign approach to nutrient management is to reduce the need for
fertilizer through more efficient management of nutrient cycles and precise applications of fertilizer. Such
practices include application of organic waste residues from animals and crops, crop rotations with legumes,
improved crop health that may result in better use of nutrients, and banded or split applications of fertilizers. In
mixed crop and livestock operations, for example, many of the nutrients contained in the grain and residue from
crops grown on the farm can be returned to the soil if the manure and crop residues are incorporated into the soil.
Crop rotations that include legumes can also play an essential role in nutrient cycling, particularly for
replenishing the nitrogen supply. Plant residues and manure can release nitrogen more continuously throughout
the growing season than can common commercial fertilizers. However, nitrogen from organic sources may be
released when crops are not actively absorbing it. In contrast, inorganic fertilizer nitrogen is relatively quickly
converted to the soluble and leachable nitrate form.

Efforts to provide adequate nutrition to crops continue to be hindered by inadequate understanding and
forecasting of factors that influence nutrient storage, cycling, accessibility, uptake, and use by crops during the
growing seasons. Soil testing and plant tissue analysis can provide the farmer with information to assure
adequate nutrition for all agronomic and horticultural crops. But variable soil and climatic conditions that
influence nutrient uptake and loss make it difficult to predict the most profitable and environmentally safe levels
of nutrients. As a result, farmers often follow broad guidelines that lead to insufficient or excessive fertilization.
For example, studies of fertilizer recommendations revealed that some commercial soil testing services
consistently recommended the use of far more fertilizer than was needed (Olson et al., 1981; Randall and Kelly,
1987). Additionally, some farmers apply more nitrogen than is recommended.

Nitrogen

Nitrogen is the soil-derived plant nutrient most frequently limiting grain production in the United States.
This is ironic because the atmosphere is 79 percent nitrogen by volume. Atmospheric nitrogen is in the form of
inert nitrogen gas, however, which higher-order plants cannot use. Converting

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1208.html

Alternative Agriculture

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

RESEARCH AND SCIENCE 145

atmospheric nitrogen to ammonia and other forms that plants can use requires a high energy input. This is true
for biological nitrogen fixation as well as industrial synthesis. The biological process is fueled by
photosynthates; the synthetic industrial process is fueled by natural gas, petroleum, coal, or hydroelectric power.
The predominant process for producing synthetic nitrogen fertilizers involves combining hydrogen from methane
gas and atmospheric nitrogen at high temperature and pressure to form ammonia. Ammonia can then be
converted to nitric acid or combined with other elements to form a number of nitrogen fertilizers, including
ammonium nitrate, ammonium sulfate, ammonium phosphate, and urea. A significant amount of energy is
required to synthesize ammonia. Consequently, energy and methane gas costs can affect the availability and cost
of synthetic nitrogen fertilizers.

Neutral ammonia molecules gain a hydrogen ion when added to moist soil and become stable ammonium
ions with a net positive charge. Most of the ammonium ions in soil undergo biological nitrification, in which
oxidation results in the formation of a nitrate ion as well as hydrogen ions that acidify the soil. Because
ammonium ions have a positive charge, they are adsorbed and held on the soil cation exchange. Nitrate ions,
because of their negative charge, are not adsorbed on the soil exchange complex. While readily available for
plant use, the nitrate freely moves through soil in water unless it is absorbed by the plant.

Although these basic processes are understood, there is a need to know much more about nutrient cycling
and the behavior of nitrogen under various environmental conditions. To accomplish this, progress is needed in
estimating the rates of biological reactions that control nitrogen transformation in soil.

Legumes as a Source of Nitrogen

Nitrogen can be provided by growing legumes in rotation with grains. For alternative farming, legumes are
an effective and often profitable way to supply nitrogen. Leguminous nitrogen is consistently released
throughout the growing season when temperatures are high enough to permit microbial decomposition.
Combined with the rotational effect, leguminous nitrogen can support high yields of corn and wheat (Holben,
1956; Koerner and Power, 1987; Voss and Shrader, 1984). The overall contribution of legumes, however,
depends on the management system and climate. For example, forage legumes are most effective in humid and
subhumid regions (Meisenbach, 1983; U.S. Department of Agriculture, 1980). In regions with less than 20
inches of rain a year, deep-rooted, nonirrigated legumes may decrease subsoil moisture and lead to reduced corn
yields the following year (Meisenbach, 1983). The profitability of leguminous hay crops is strongly influenced
by the presence of on-farm livestock or a local hay market.

Legumes supply substantial nitrogen to the soil, but the amount of nitrogen fixed is highly variable.
Different species and cultivars fix different
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amounts of atmospheric nitrogen. A number of physical and managerial factors, including soil acidity,
temperature, drainage, the timing of harvest, and whether foliage is turned under as green manure, influence the
amount of nitrogen fixed as well as the amount of fixed nitrogen subsequently incorporated into the soil.
Nitrogen fixation by soybeans, for example, was found to vary from O to 277 pounds per acre depending on
management practices, soil characteristics, and water availability.

These fields, currently producing corn and soybeans, have received no nitrogen, phosphorus, or potassium fertilizer
for 18 years. A corn, soybean, small grain, and red clover crop rotation and the application of manure supply
nutrients.

Credit: Rex Spray, the Spray Brothers Farm.

The amount of nitrate in the soil also affects nitrogen fixation. Soil rich in nitrate inhibits nitrogen fixation.
In the Midwest, soybeans are managed for grain production and are commonly grown after corn in soils with
residual nitrate. Where there is residual nitrate in the soil, soybean production can result in a net export of
nitrogen. For example, nitrogen budget analyses on midwestern soybeans show that 40 percent of nitrogen in the
crop is derived from nitrogen fixation and 60 percent is from residual nitrogen in the soil. Typically, the nitrogen
removed in the soybeans at harvest exceeds the amount of nitrogen fixed, leading to a net nitrogen loss of about
70 pounds per acre. Thus, under these circumstances, soybeans may be depleting the soil of nitrogen and
increasing nitrogen fertilizer needs for the subsequent crop, rather than enriching soil nitrogen as had been
previously thought. In contrast, when soybeans can be managed to fix 90 percent of their nitrogen needs, the
result is a 20 pound per acre nitrogen gain (Heichel, 1987).
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Management systems also influence nitrogen made available by leguminous hay crops. Leguminous hays
are commonly grown for their value as hay and for their ability to fix nitrogen from the atmosphere into the soil
and provide nitrogen in the form of crop residue. The timing of harvest, however, dramatically affects the
amount of nitrogen available for subsequent crops. After they are cut, leguminous hays first use the reserve of
nitrogen in the crown, roots, and soil to support their own growth. As the growing plant increases leaf area and
photosynthesis, the energy is again available for nitrogen fixation. The nitrogen-rich leaves and stems of the
plant are then removed when the crop is harvested (Heichel, 1987). Heichel (1987) reported results of studies
with alfalfa showing that one harvest followed by moldboard plowing of lush, late August regrowth resulted in a
net nitrogen gain of 48 pounds per acre. In contrast, harvest of the August regrowth followed by plowing under
of October regrowth resulted in an insignificant net nitrogen loss of 4 pounds per acre. The slight loss occurred
because most of the nitrogen fixed by the lush August regrowth was removed during harvest. Harvest of the
October regrowth followed by plowing under only the roots and crowns resulted in a net nitrogen loss of 38
pounds per acre.

Management also affects the amount of legume-fixed nitrogen that drains to groundwater. Results of an
unpublished Minnesota experiment (G. Randall) showed that over 4 years, continuous soybean (45 bushels/acre)
contributed two-thirds as much nitrate to drainage water as heavily fertilized corn (165 bushels/acre).
Unpublished experiments in Michigan (B. Ellis) found more than twice the concentration of nitrates below crop
root systems when alfalfa was plowed down than under irrigated or nonirrigated corn. Few measurements have
been made of the contribution of legumes to groundwater contamination or, if necessary, how to minimize it.

Tillage practices also influence the amount and availability of nitrogen supplied by legumes (Dabney et al.,
1987; Heichel, 1987). No-tillage systems may reduce the nitrogen available to the subsequent crop compared
with a conventional tillage system such as moldboard plowing, which more thoroughly incorporates plant matter
into the soil (Varco et al., 1987). Koerner and Power (1987) reported increased corn yield following double-
disking of vetch. Corn yields were lower when vetch was left standing throughout the corn growing system or
when the vetch was killed with herbicides.

In a greenhouse experiment, the relative nitrogen fixation varied widely depending on species of legume,
duration of growth, and temperature (Zachariassen and Power, 1987) (Table 3-1). Some species performed best
under low temperatures; others fixed more nitrogen at higher temperatures. For example, fava beans were found
to fix 54 percent more nitrogen than hairy vetch early in the growing season (42 days) at a temperature of 10°C.
But at 30°C the nitrogen fixation of the fava beans declined by 86 percent.

Using legumes in a rotation, or as winter cover crops in the South, can reduce and, in some cases, eliminate
the need for nitrogen fertilizers (Dabney et al., 1987; Goldstein and Young, 1987; Neely et al., 1987). Cultivars
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TABLE 3-1 Nitrogen Fixation of Legume Species as Affected by Soil Temperature and Time Under Greenhouse

Conditions

Nitrogen Fixation (percent) at*:
Species and Temperature (°C) 42 Days 63 Days 84 Days 105 Days
Hairy vetch
10 100 108 147 223
20 46 88 67 122
30 14 8 12 30
Sweetclover
10 21 46 67 66
20 52 86 128 122
30 42 46 50 104
Fava bean
10 154 131 135 122
20 136 124 122 134
30 22 12 11 4
Lespedeza
10 0 4 3 0
20 9 29 93 145
30 16 22 60 176
Field pea
10 36 48 29 51
20 38 21 12 8
30 12 10 6 0
White clover
10 20 54 88 162
20 39 78 108 153
30 2 0 40 38
Nodulated soybeans
10 31 33 37 34
20 116 215 315 415
30 94 163 260 291
Crimson clover
10 43 43 72 107
20 54 79 86 56
30 9 2 14 5

2 Values are expressed as a percentage of the nitrogen fixation found in hairy vetch at 10°C for 42 days, which was arbitrarily selected as

the basis for comparisons. To translate these percentages to the originally reported data (in milligrams/pot) multiply by 1.1339.
SOURCE: Zachariassen, J. A., and J. F. Powers. 1987. Soil temperature and the growth, nitrogen uptake, dinitrogen fixation, and water use

by legumes. Pp. 24-26 in The Role of Legumes in Conservation Tillage, J. F. Power, ed. Ankeny, Iowa: Soil Conservation Society of

America.

are being developed that fix more nitrogen than their predecessors. Bacteria in the Rhizobium and
Bradyrhizobium genera that fix atmospheric nitrogen in the roots of legumes are being studied extensively.
Current work focuses on the mechanism of nitrogen fixation itself, the infection process that leads to a successful
symbiosis, the genetic determinants and biochemical processes that make plants receptive, and the bacteria

capable of sustaining the association
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between plants and nitrogen. Improvements have already resulted from selecting for crop varieties and naturally
occuring Rhizobium strains that fix large amounts of nitrogen. In a 2-year rotation with corn in Minnesota, a new
annual cultivar of alfalfa, Nitro, developed by the U.S. Department of Agriculture's (USDA) Agricultural
Research Service and the University of Minnesota Agricultural Experiment Station, fixed 94 pounds of nitrogen
per acre between the last harvest in early September and the death of the plant at the first frost in October
(Barnes et al., 1986). This was 59 percent more nitrogen than was fixed after the September harvest of the
commonly grown perennial cultivars used as controls in the study. About 11 percent of this increase was from
the improved nitrogen-fixing capability of the legume. The remaining 48 percent was from this variety's greater
productivity at the end of the growing season.

TABLE 3-2 Reported Quantities of Dinitrogen Fixed by Various Legume Species

Species N Fixed (pounds/acre/year) Species N Fixed (pounds/acre/year)
Alfalfa 70-198 Hairy vetch 99

Alfalfa-orchardgrass 13-121 Ladino clover 146-167

Birdsfoot trefoil 44-100 Lentil 149-168

Chickpea 21-75 Red clover 61-101

Clarke clover 19 Soybean 20-276

Common bean 1.8-192 Sub clover 52-163

Crimson clover 57 Sweet clover 4

Fava bean 158-223 White clover 114

Field peas 155-174

SOURCE: Adapted from Heichel, G. H. 1987. Legume nitrogen: Symbiotic fixation and recovery by subsequent crops. Pp. 63-80 in Energy
in Plant Nutrition and Pest Control, Z. R. Helsel, ed. Amsterdam, The Netherlands: Elsevier Science Publishers B. V.

Nitro alfalfa was bred as an annual crop for use in a 2-year rotation with corn. It is grown for 1 year and
continues to grow and fix nitrogen until it is killed by the first frost, usually in mid-October. Commonly used
alfalfa varieties, in contrast, are usually grown for 2 or more years, and (in Minnesota) begin to go dormant and
stop fixing nitrogen in early September of each year.

Research conducted in northern California showed that vetch can be an economical source of nitrogen for
rice. The study examined the effect of cultivar selection and time of planting. Aerial broadcast of purple vetch or
Lana woolypod vetch seeded 2 days before or after field drainage produced an excellent stand. Vetch fixed
between 30 and 60 pounds of nitrogen per acre in rice stubble—up to 100 pounds under ideal conditions
(Williams and Dawson, 1980). The nitrogen-fixing capabilities of various legume species are listed in Table 3-2.

There is a general knowledge of the factors that affect nitrogen fixation by legumes, but little is understood
about the interaction of these variables
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and their effect on total available nitrogen. This information is essential for determining nitrogen fertility credits
of legumes and assessing the nitrate that legumes contribute to groundwater. More information is needed on
nitrogen cycling in agricultural systems; the yield-boosting effects of rotations; the effects of tillage practices;
and how fixed nitrogen is affected by other sources of nitrogen, soil organic matter, compost, and crop residues.

Incorporating manure into the soil soon after application can keep nutrient losses to a minimum. The manure truck
pictured is followed by a moldboard plow and a leveling harrow to incorporate manure into the soil. Between the
time of its application and the emergence of the first crop, this manure tends to be vulnerable to erosion and runoff
from rainfall.

Credit: Rodale Press.

Manure as a Source of Nutrients

Animal wastes can make a substantial contribution to nitrogen, phosphorus, potassium, and other nutrient
needs. Total supply, however, depends on the nature and size of animal enterprises and the methods used in
storing and spreading the manure (Young et al., 1985). The potential nutrient contribution from manure is very
high in some regions (Van Dyne and Gilbertson, 1978).

Most animal manure is returned to the land. Its nutrients, however, are often inefficiently used as a result of
poor storage and application practices (Smith, 1988; U.S. Department of Agriculture, 1978). Runoff,
volatilization, and leaching losses of plant nutrients in stored animal manure may be so high that only a fraction
of the original nutrients remain to be applied to cropland. Poor manure hauling and spreading practices add to
these losses. However, practices that increase the efficient use of nutrients may be economically
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TABLE 3-3 Nitrogen Losses in Manure Affected by Application Method

Method of Application Type of Manure Nitrogen Loss (percent)
Broadcast without incorporation Solid 15-30
Liquid 10-25
Broadcast with incorporation Solid 1-5
Liquid 1-5
Injection (knifing) Liquid 0-2

NOTE: These numbers do not include losses from storage.
SOURCE: Sutton, A. L., D. W. Nelson, and D. D. Jones. 1985. Utilization of Animal Manure as Fertilizer. Extension Bulletin AG-FO-2613.
St. Paul: University of Minnesota.

costly. The cost of proper application, for example, may exceed the value of the increase in available
nutrients compared with inefficient application methods. The effect of manure application methods on nitrogen
loss, not including loss during storage, is shown in Table 3-3. Table 3-4 indicates the range of nutrient loss
possible through different storage and handling systems. In many cases, manure is not applied at a time in the
growing or fallow season that results in optimal use of the manure as fertilizer. For example, winter application
of manure can result in significant nutrient loss. Little use is being made of animal manure in aerobic
composting, even though composting may offer advantages of increasing nutrient concentration and reducing the
volume of material to be applied (Granatstein, 1988). Anaerobic fermentation of manure to produce the biogas
methane is not economical compared to the cost for other fuels. In addition,

TABLE 3-4 Nitrogen Losses in Manure Affected by Handling and Storage

Method N loss (percent)
Solid systems

Daily scrape and haul 15-35
Manure pack 2040
Open lot 40-60
Deep pit (poultry) 15-35
Liquid systems

Anaerobic deep pit 15-30
Above-ground storage 15-30
Earthen storage pit 2040
Lagoon 70-80

NOTE: These numbers do not include losses due to application.
SOURCE: Sutton, A. L., D. W. Nelson, and D. D. Jones. 1985. Utilization of Animal Manure as Fertilizer. Extension Bulletin AG-FO-2613.
St. Paul: University of Minnesota.
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fermentation creates residue that must be disposed of or otherwise used (Smith, 1988).

Although systems are available to handle wastes in slurry form, other systems are essentially designed to
dispose of the animal waste as an undesirable by-product. If animal waste is to be used more efficiently, systems
and related equipment for profitably storing, handling, and spreading it are needed. Research is needed to devise
low-cost systems of producting biogas from animal manures, make efficient application systems more
economical, and educate farmers about the beneficial aspects of manure.

About 110 million tons (dry weight) of manure were voided by livestock and poultry in 1974. The total
estimated amounts of nitrogen, phosphorus, and potassium in this manure were 4.1, 1.0, and 2.4 million tons,
respectively. An estimated 40 percent of the total, or 1.3, 0.5, and 1.2 million tons of the nitrogen, phosphorus,
and potassium voided, was estimated to be available and economically recoverable for use elsewhere. Cattle
provided about 62 percent, or 800,000 tons, of the economically recoverable nitrogen from livestock manure in
1974 (Van Dyne and Gilbertson, 1978). The total nutrients economically recoverable from manure contained the
equivalent of about 15 percent of the total nitrogen, 9.9 percent of the total phosphorus, and 24.2 percent of the
total potassium fertilizer applied on farms in the United States during 1974 (U.S. Department of Agriculture,
1987). Similar data are not available for trace nutrients and organic matter supplied by manure.

The amount of nutrients available from manure largely depends on how it is stored and handled. Nitrogen is
most readily lost; in fact, some loss is inevitable no matter how the manure is stored or applied. Phosphorus and
potassium losses are less likely except through direct runoff and leaching from open storage lots or as a result of
settling in open lagoons. Table 3-5 lists the approximate nutrient content of several types of manures as a result
of different storage and handling techniques. Good management in manure handling is essential to successful use
of manure as a nutrient source.

Farms in Lancaster County, Pennsylvania, have a high ratio of livestock per acre of cropland. Manure
applications average over 40 tons per acre per year, supplying far more than the nutrient needs of the crops
grown in the region. In addition, many farmers apply about 100 pounds of commercial nitrogen per acre,
bringing the total nitrogen applied to corn to 350 pounds per acre (Young et al., 1985). Many of the county's
wells have nitrate levels two to three times the U.S. Environmental Protection Agency's (EPA) standards for safe
drinking water.

Phosphorus

The amount of phosphorus in solution in soil water determines the availability of phosphorus for plants.
There is often a substantial amount of phosphorus in agricultural soils, but it is in a form that releases
phosphorus to the surrounding soil water in a slow equilibrium reaction. In soil, the soluble phosphorus in
fertilizer quickly reacts with aluminum and iron
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oxide and with calcium to form compounds that are relatively insoluble and slowly available to plants.
Moreover, phosphate quickly binds to clay colloids (Foth, 1978). Consequently, phosphate does not readily leach
but neither does it remain in a form readily available to plants in either acid or alkaline soils.

TABLE 3-5 Approximate Nutrient Content of Several Manures

Nutrient Content (pounds/ton)
Type of Livestock Storage/Handling® Total N Ammonium (NH,") Phosphate (P,05) Potash (K,0)

Swine Solid NB 10 6 9 8
Solid B 8 5 7 7
Liquid P 36 26 27 22
Liquid L 4 3 2 4
Beef cattle Solid NB 21 7 14 23
Solid B 21 8 18 26
Liquid P 40 24 27 34
Liquid L 4 2 9 5
Dairy cattle Solid NB 9 4 4 10
Solid B 9 5 4 10
Liquid P 24 12 18 29
Liquid L 4 2.5 4 5
Turkeys Solid NB 27 17 20 17
Solid B 20 13 16 13
Horses Solid B 14 4 4 14

2 NB = No bedding; B = bedding; P = pit; L = lagoon.
SOURCE: Sutton, A. L., D. W. Nelson, and D. D. Jones. 1985. Utilization of Animal Manure as Fertilizer. Extension Bulletin AG-FO-2613.
St. Paul: University of Minnesota.

Some organic farmers apply rock phosphate to their fields instead of acidulated phosphate. Rock phosphate
found in the United States varies in solubility but generally has very low immediate availability to plants even
when finely ground (Council for Agricultural Science and Technology, 1980). Chemical treatment, or
acidulation, with sulfuric or phosphoric acids significantly enhances its availability. One 24-year study showed
rock phosphate to be only one-sixth as effective as acidulated phosphate in a corn-oats-alfalfa rotation in slightly
acid soils. Rock phosphate is even less effective on a less acid soil (Webb, 1982, 1984).

Farmers have built up the phosphorus content of U.S. soils over the past three decades. According to the
USDA (1980), growers could eliminate the use of acidulated phosphates for several years in some regions
without yield loss on well-managed soils. How long the resulting mining of phosphorus from such soils could
continue is not known and will vary. Application of manures and organic wastes can replenish some phosphorus
but removal by crops is inevitable. Because phosphorus does not leach, replacement applications to meet crop
needs are advisable. Farms cannot be self-sufficient in phosphorus (Eggert and Kahrmann, 1984).

Phosphorus bound to sediment in runoff water is often implicated in
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eutrophication and decline in surface water quality. Although most farmers could reduce applications of
phosphorus with little effect on crop yield, reductions are best made based on soil tests. Properly managed
phosphorus applications and reduced soil erosion will be accompanied by improved water quality in watersheds
with highly erodible cropland.

Potassium

Weathering of minerals has supplied many soils in subhumid or arid regions with adequate levels of
available potassium. Potassium fertilizer applications, however, are especially required in humid regions and
highly organic soils. Potassium has a net positive charge, so it is bound to the soil's cation exchange complex.
Potassium is available in soil water solution in an equilibrium reaction with exchangeable and fixed potassium in
the soil. It is more soluble and readily available than phosphorus but has little mobility and leaches only in sandy
soils.

If there is excess potassium in the soil, plants will absorb more than is needed for normal physiological
functioning. Forage crops such as alfalfa and clovers absorb large amounts of potassium; thus, harvest of hay or
fodder (silage) leads to rapid depletion of readily available potassium in soils. Grain crops deplete potassium in
the soil less rapidly, provided only the grain is removed. Potentially high levels of potassium in leguminous
forages emphasize the need for conservation of manure from animals consuming these forages. Most of the
potassium ingested by animals passes through the intestinal and urinary tracts. If all of the manure is conserved
and uniformly redistributed to the land, little additional potassium will be needed for soils that begin with
adequate levels. Leaching of exposed manure by rain can cause large losses of potassium, and this must be
avoided to make recycling fully effective.

Amending Soil Reaction

One of the basic principles of soil management is to maintain a soil reaction appropriate to the crops
produced. Soil reaction is measured by hydrogen ion activity and reported as pH. A neutral pH is 7.0. Most
agronomic crops perform best between pH 6.0 and pH 7.5. The leguminous crops tend to perform better toward
the upper end of the range while grain crops are usually not as responsive.

Figure 3-1 illustrates the relative availability of 12 essential plant nutrients as a function of the pH of the
soil (University of Kentucky, 1978). The three primary fertilizer nutrients—nitrogen, potassium, and phosphorus
—have the greatest availability within the pH 6.0 to pH 7.5 range. Hence, it is understandable why crops might
grow well over this range of reaction. The availability of magnesium, sulfur, copper, and boron are also well
represented within this range, although their availability tends to taper off as pH 7.5 is approached.
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Figure 3-1

The relative availability of 12 essential plant nutrients in well-drained mineral soils in temperate regions in relation
to soil pH. (Aluminum is not an essential nutrient for plants, but it is shown because it may be toxic below a soil pH
of 5.2.) A pH range between 6.0 and 7.0 is considered ideal for most plants. The thirteenth essential plant nutrient
from the soil, chlorine, is not shown because its availability is not pH-dependent. The saw-toothed pattern in the
figure represents precipitation.

SOURCE: University of Kentucky. 1978. Liming Acid Soils. Leaflet AGR-19. Lexington, Ky.
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The availability (solubility) of aluminum, iron, and manganese increases rapidly below about pH 5.3. The
increase in the solubility of these three elements, especially aluminum, creates a toxic environment for plant
roots. Growth of most plants is severely limited at low pH values. Poor plant performance, however, is not
necessarily linked to low pH. Deficiencies in calcium and magnesium or toxic levels of aluminum or manganese
may also affect plant growth. At low values of pH, aluminum and iron cause precipitation of phosphate
(Figure 3-1). This can cause phosphorus deficiencies. At the upper end of the pH scale in the presence of large
amounts of calcium, the calcium precipitates phosphates, but usually not to as great an extent as aluminum and
iron do at the lower end.

The application of agricultural limestone—either calcitic limestone containing mostly calcium carbonate or
dolomitic limestone containing a mixture of calcium and magnesium carbonates—can amend soils with low pH
values and increase the pH to the favorable range. The procedure for determining the amount of neutralization
required is a simple one involving the measurement of the pH of a soil sample suspended in a buffered solution.
This pH value, compared to the pH of a suspension of the soil in water, provides a basis for measuring the total
amount of acidity that needs to be neutralized and thus the amount of agricultural limestone needed.

Excess calcium carbonate usually dominates soil systems with pH values up to 8.0 or 8.2. This is a
consequence of a soil development process that occurs mostly in drier climates. Additionally, in some crops,
there may be a deficiency of iron or other micro nutrients that need to be corrected. Soils with pH values above
8.3 are likely to contain sodium carbonate or potassium carbonate. These alkaline soils also have poor physical
characteristics because of the presence of sodium. They are generally found in arid or semiarid climates. The
application of gypsum (calcium sulfate) and leaching with adequate quantities of high-quality irrigation water
can amend these soils. Calcium replaces sodium on the exchange complex of the soils, displacing the sodium
that is leached out of the root zone. This results in improved soil properties.

Tillage

Farmers have adopted a wide range of tillage practices in the past three decades. Most of these conservation
tillage practices were developed by researchers to slow soil erosion and conserve water through decreased soil
disturbance. Nearly 100 million acres are farmed using some form of conservation tillage. Most of this is in the
form of mulch tillage or reduced tillage; no tillage, strip tillage, and ridge tillage are practiced on about 16
million acres (U.S. Department of Agriculture, 1987). While these practices may advance some of the goals of
alternative farming, such as increasing organic matter in soil and reducing soil erosion, some conservation tillage
practices may increase the need for pesticides, particularly herbicides (Gebhardt et al., 1985).

Conservation tillage generally leaves a layer of crop residue on top of the
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A ridge-tillage planter places seeds in a narrow band of soil scraped off the top of the ridges. This method preserves
the residue cover between the rows, reducing soil and water runoff. Planted last fall as a cover crop, hairy vetch
helps to meet the nitrogen needs of the corn crop now being planted.

Credit: Dick Thompson, the Thompson Farm.

Ridge tillage is an effective alternative tillage system that can reduce erosion and costs and help control weeds
without herbicides. Here, seeds are planted in a field with the residue of last year's corn crop, which protects the
soil surface from erosion.

Credit: Randall Reeder, Ohio State University.
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soil (Hendrix et al., 1986; House et al., 1984). This residue may provide a favorable habitat to some pests.
Some plant diseases overwinter in crop residues left on the soil, above and below ground insects survive, and
perennial weeds may establish a foothold. The effects of these pest populations are more severe if the same crop
is planted the next year but may be inconsequential or minimized in a rotation.

Chisel plowing, a form of conservation tillage, mixes crop stubble into the soil, leaving the ground partially
protected from wind and rain. Chisel plowing can reduce erosion by 30 to 50 percent from levels expected with
moldboard plowing.

Credit: John Deere Company.

Conservation tillage changes soil properties in ways that affect plant growth (Phillips et al., 1980).
Researchers are studying trophic interactions in croplands with no tillage and conventional tillage. Plant nutrients
in no-tillage soils are more stratified than those in soils under reduced or conventional tillage. Nutrients also tend
to concentrate in the upper portion of the soil profile. Soil under conservation tillage practices, which leaves a
surface mulch, is often 3 to 4°C cooler in late spring than soil under conventional tillage. In the spring, the cooler
temperatures can slow early season plant growth at higher latitudes. With no tillage, the soil is also more likely
to be compacted, which can also reduce plant growth.

In summer, however, the mulched soil is cooler and the soil surface under the residue is moister. As a result,
many conservation tillage systems have been very successful. The concentration of soil microbes and
earthworms is greater in conservation tillage systems. Inadequate research on the range of conservation tillage
practices, however, makes it impossible to draw general conclusions for most crops, soils, or climates. A number
of the commiittee's case studies demonstrate the effectiveness of various tillage practices in
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No tillage is another effective way to reduce erosion. Soybeans are planted into barley stubble as barley is
harvested. Farmers in the South and mid-Atlantic are often able to harvest two crops in one season.
Credit: Soil Conservation Service, U.S. Department of Agriculture.

Corn grows on top of the ridges in a soybean field.
Credit: Soil Conservation Service, U.S. Department of Agriculture.
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One conventional tillage method is moldboard plowing. The steel blades of the plow turn over furrows of soil. This
method helps to control some diseases and insect pests by disrupting their environment and burying weed seeds.
But it also leaves the soil surface fully exposed to rain and wind and increases soil erosion.

Credit: Soil Conservation Service, U.S. Department of Agriculture.

controlling weeds and as a component of viable alternative systems (see the Spray, BreDahl, 