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ABSTRACT
Sustainabilityhas recentlybecome
a buzzword
for agriculturalprograms
in education,
extension,research,andgovernment
policy. Foreffective communications
among
those
teaching,studying,andpracticing
agriculture,it is essential
that therebe someagreement
as to the definitionof the term
sustainableagriculture. Thedefinition shouldbe general
enoughto accommodate
the widerangeof agriculturalsituationsin whichit will be applied,yet specific enoughto
provide
criteriabywhich
the sustainability
of alternative
systemsmaybe judged.Toallow the greatest combination
of
utility andflexibility, the definitionshouldbe "endsoriented"ratherthan"means
oriented."Thisarticle presents
onesuchdefinition,discussesseveraldefinitionsproposed
by
others,andattemptsto clarify someconceptssuchas "lowinput"oftenassociatedwiththe sustainabilityissue.
INTEREST
in the concept of sustainWIDESPREAD
able agriculture is a relatively recent phenomenon. Government, academic, and business entities
that ignored nonconventional systems a decade ago
are nowactively promoting the concept of sustainability in their programs. Manyuniversities have recently offered newcourses to address the issue of agricultural sustainability, while several have even
developeda degree programin sustainable agriculture
(Howell, 1989).
Sustainability has becomean educational and political buzzword,but one that meansdifferent things
to different people. For effective communications
amongthose teaching, studying, practicing, regulating,
or patronizingagriculture, it is essential that there be
some agreement as to the meaning of the term sustainable agriculture. Otherwise, governmentand private programs developed with the aim of promoting
or subsidizing research on, and farmer transition to,
sustainable agriculture might end up just promoting
old standard practices under a new name. Likewise,
without a suitable definition, students and instructors
will not share a common
understanding of what types
of agricultural systemsand approachesare appropriate
for inclusion in courses addressing the subject. The
definition must be general enough to accommodate
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the wide range of agricultural situations in which it
will be applied, yet specific enoughto provide criteria
by which the sustainability of a proposed system may
be judged. This article presents one such definition,
discusses several others, and attempts to clarify some
concepts often associated with sustainable agriculture.
BASIC CONSIDERATIONS
Theadjectives biological, ecological, alternative, regenerative, and low-input are commonlyused to refer
to seeminglysimilar concepts of agricultural systems.
The term sustainable agriculture is herein defined
broadly enoughto include all of these concepts to some
degree, and also address a specific set of criteria.
In authorizing $3.9 million for research on sustainable/low-input agriculture in 1987-1988, the U.S.
Congressspecified two such criteria: that this agriculture should lower costs (thus presumably improve
farm profits) and reduce negative impacts on soil and
water resources (Maddenand O’Connell, 1989).
these criteria, Francis et al. (1987)adds the goal of
least sustaining the current level of agricultural production. Three schools of thought on sustainability
were noted by Lowranceet al. (1986) as being concerned with: food self-sufficiency, land stewardship,
and preservation of rural communities. It could be
argued, in addition, that to be sustainable in the long
term, agriculture must provide society with quality
food high in nutrition and taste value and free from
potentially toxic pesticide residues. Authors such as
Knorr and Vogtmann(1983) and Clancy (1990), therefore focus on food quality and humanhealth as issues
of sustainability.
Thus, three broad areas of concern seem to underlie
the concept of sustainable agriculture: (i) economic
concerns over economicj ustice, the survival of owneroperated farms, and the long-term profitability of agriculture; (ii) environmentalconcernsover adverse impacts of agriculture on land, water, and wildlife resources; and (iii) public welfare concerns over food
quality and humanexposure to toxic chemicals.
The degree of integration also sets the sustainable
agriculture approach apart from more conventional
approaches. A sustainable agriculture integrates all
componentsof a systemin the horizontal, vertical, and
time dimensions. In the horizontal dimension, fieldscale systems must be analyzed for their implications
at the farm, watershed, regional, and national levels
¯.. and vice versa (i.e., national policies mustbe eval-

uated in terms of their regional and farm-scale impacts, etc.). Lowrance
et al. (1986) suggestthat different types of considerations will predominate at
different levels--agronomicat the field-scale, microeconomicat the farm-scale, ecological at the regional
scale, and macro-economicat the national scale. In
any case, the sustainability of a practice or program
applied at one level must be judged in the context of
its impacts at the more broad and narrow levels. For
example,introducing cattle (Bos taurus) into a grainbased system at the whole farm level will result in
changesin crop rotations and manureinput at the field
level, as well as changes in land-use patterns and nutrient cycles at the watershedand regional levels. Vertically, field-scale systemsmustbe integrated with input supply, marketing, consumption, and disposal/
recycling.., and vice versa. Likewise, systems must
be projected in the time dimensionover entire rotations, and long-term (decades, centuries) resource and
social cycles. In recognition of this, F.E. Hutchison,
in opening an International Conferenceon Sustainable
Agriculture at Columbus,OH,in 1988, remarked that
the concept ofsustainability "simply adds a long-term
time dimension to discussions on farming systems."
Becauseagriculture involves site and situation specific processes, it is probably not possible to define
sustainableagriculture in termsof specific sets of practices. Also, becausesustainability is dependenton social, political, andeconomicfactors, these factors cannot be divorced from the definition of sustainable
agriculture (Altieri, 1986). Byits biological and social
nature, agriculture is not static. Asustainable agriculture must be capable of continually evolving, while
preserving the social and natural resources uponwhich
it is based.
DEFINITION AND CRITERIA
It maybe of less importanceto assess the sustainability of a systemas currently practiced, than to assess
the sustainability of changes proposedin the system.
Theunderlyingbasis of the definition proposedhere is
that it is easier to judge the direction in whicha new
technology or policy will movean agriculture system
than it is to judgethe absolute sustainability of a system
as it is. In December1988 at the AnnualMeetings of
the AmericanSociety of Agronomy,Soil Science Society of America,and CropScience Society of America,
I had the privilege of facilitating a discussion groupof
about 250 agronomists that developed a definition of
sustainable agriculture that could serve this purpose:
"A sustainable agriculture is one that, over the long
term, enhances environmental quality and the resource base on which agriculture depends; provides
for basic humanfood and fiber needs; is economically
viable; and enhancesthe quality of life for farmers and
society as a whole" (Anon., 1989).
Another definition proposed here, which is modified fromWeil(1988), sets forth three sets of criteria
by whichthe direction, towardgreater or less sustainability, maybe judged. To be judged sustainable,

changes to the current system should be an improvementover present practice and policy by all three sets
of criteria. Thedefinition is as follows:
Anagricultural program, policy, or practice contributes to agricultural sustainability if it:
1. Enhances,or maintains, the number,quality, and
long-term economic viability of farming and
other agricultural business opportunities in a
communityor region.
2. Enhances,rather than diminishes, the integrity,
diversity, and long-term productivity of both the
managedagricultural ecosystem and the surrounding natural ecosystems.
3. Enhances, rather than threatens, the health,
safety, and aesthetic satisfaction of agricultural
producers and consumers alike.
Using this definition, certain inputs or practices
maybe judged "sustainable" in one situation but not
in another, or at onepoint in the evolution of a system,
but not at a later point. Sucha definition treats sustainable agriculture as a dynamicsystem and is operational despite our imperfect knowledgeof the system. It can hopefullyserve to guide agriculturalists and
policy makersin their efforts to makeagriculture more
sustainable.
It should be noted that both the ASAdefinition and
that proposed here involve ends rather than means. A
means-oriented definition would require prejudgment
of certain types of practices (e.g., use of nitrogen fertilizers) and policies (e.g., price supports), hencewould
stifle creativity in government,in the marketplaceand
amongindividual farmers. Ideas for changes in policy
and practice should be judged, on an ad hoc basis, by
howwell they meet the goals or "’ends" laid out in the
above definitions.
THE LOW INPUT ISSUE
The term low input is not found in these definitions
becauseit is a meansto the ends of economicviability,
resource conservation, and environmental protection,
but not necessarily the only or best meansto those ends.
This is not to say that the low input concept does not
havea place in agricultural sustainability; reducingthe
use of manypurchasedinputs would, in manycases, enhancesustainability by the abovecriteria.
As the recently coined acronym LISA (LowInput
Sustainable Agriculture) associated with a USDA
research grants programimplies, excessive use of offfarm purchased inputs mayjeopardize sustainability
by squeezing farmer profits, disrupting ecosystems
with off-target effects, and depleting nonrenewableresources. Indeed, in manycases reduction or elimination of certain off-farm inputs maybe an important
component
of strategies to increase sustainability. Low
input is not an appropriate basic criterion of sustainability, however.Rather it is one of several possible
meansof achieving the ends of sustainability. For example, where soils are depleted of mineral reserves
and being farmed destructively with little or no offfarm inputs, a modestincrease in inputs in the form
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of lime or phosphate maybe necessary to establish a
sustainable system. The use of the term low-input is
also rendered nearly meaningless whenconsidered in
the light of the level of inputs of fossil fuel and industrially manufactured equipment employedon sustainable grain and cattle farms, in different parts of
the world, e.g., one a 200-ha mechanizedorganic farm
in Ohio, and the other a sustainable farming system
for peasants in a country like Tanzania.
Lowinput in the pursuit of sustainability does not
necessarily meanan overall reduction in inputs, but
rather a switch away from inputs that derive from
nonrenewableresources (fossil fuels, fertilizers, pesticides, paleo-groundwater,etc.) or inputs that have
negative side effects on the health of ecosystemsand
people (toxic herbicides, insecticides, excessive nitrate-producingmanureor fertilizer applications, etc.)
toward inputs that enhance or do not deplete the resource base and have positive rather than negative side
effects (release of natural predators of pests, legumes
crops that supply N in rotations, knowledgeof weed
and insect life-cycles, and, in somecases, labor).
Whenheld up to the criteria in the definition proposed above, inputs that favor sustainability are often
found to be those that are internal to the farm or to
the local agricultural community(such as soil, labor,
management,savings, natural enemies of pests, etc.)
as opposed to those that are external and not controlled by the farmer and the local community(purchased chemicals, loans, governmentsubsidies, purchased machinery, etc.). Although the distinction
betweeninternal and external resources (a concept developed by Rodale, 1988) is a useful one, external resource use cannot be condemnedout-of-hand. The distinction between external and internal is not always
clear-cut. Each case should be judged by the criteria
of sustainability. Genetically engineeredpest resistance in crop seeds and research-generated information
are examples of external resources that maybecome
internalized.
Whenthe conventional agriculture of the past several decadesis held up against the criteria of sustainability, it is clear that there is muchroomfor reduced
inputs. Moststate soil test labs report that the number
of farm fields testing high or very high in P increased
dramatically from the 1950s to the 1980s. The widespread occurrence of excessively high P soil tests indicates that P fertilizers (or in somecases animalmanures) have been over-applied. Phosphorus is a very
costly input derived from a nonrenewable resource
and, whenwashedinto lakes and streams with eroded
soil, causes algal blooms and eutrophication. Therefore, restriction of P fertilizer application to moderate
rates applied only on soils that can be demonstrated
to be economically responsive to P would be a good
exampleof lower-inputs leading to greater sustainability. Other technologies that might be pursued to
achieve someof the samegoals with respect to P might
include more efficient recycling of this nutrient
through crop residues, manures, sewage sludges, and
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biological pumpingfrom deep substratum reserves by
deep-rooted crops, as well as improvementsin mycorrhizal symbiosis with crop plants.
Nitrogen fertilizers (and manures, in some cases)
present a similar record of over-use, the reduction of
whichwouldoften lead to greater sustainability by all
of the abovecriteria. Nitrogen that finds its wayinto
groundwaterin agricultural watershedsrepresents application of this inherently expensive (though sometimes artificially cheap) input in excess of crop needs.
The environmental consequences of excessive N application are potentially very serious indeed, ranging
from the formation of carcinogens in drinking water
to eutrophication of estuaries, to accelerated depletion
of the stratospheric ozone layer by catalytic gases
formedfrom N in soils.
Although it maynot be possible to provide enough
readily available N in soils for high corn (Zea mays
L.) yields without someleaching losses, concentrations
of two to three times the USEPA
drinking water standard for NO3are typical under cropland in manyregions and are indicative of excessive or poorly timed
applications. This is true where the source of N is
commercialfertilizer as well as where the source is
animal manures. In fact, in manyregions the worst
cases of excessive nitrate-N contaminationof groundwater are associated with concentrated livestock operations. Nitrogensoil tests for corn production (Beegle et al., 1989) and tissue tests for wheat(Triticum
aestivurn L.) production (Alley, 1989) currently under
developmentin several states promise to provide important tools for rationalizing N use on these crops.
Other areas abound in which the concept of lower
inputs could contribute to sustainability. The application of pesticides accordingto spray schedulesrather
than as a last recourse in response to pest populations
demonstratedto exceed economicthresholds, is a case
in point: imposing unnecessary costs and posing unnecessary risks to farm workers, wildlife, and consumers alike. The concept of integrated pest management (IPM) has a major role to play in enhancing
agricultural sustainability, specifically with regard to
insect pests (to whichthe great majority of the effort
has been applied to date), weeds(which have received
relatively little IPMattention), and plant and animal
diseases. Still another area in whichinputs have often
been excessive is that of farm machinery,with the need
to makepayments on larger and newer-than-necessary
tractors and combines, which drive over-capitalized
farmers to push for maximumyield and short-term
profits, at the expense of good husbandry.
Basedon theoretical calculations, it is often suggested that low per-unit costs of production, and therefore high profits, require high levels of inputs to
achieve high yields. The levels of inputs considered
most profitable are typically based on quadratic production function curves. The most profitable input
rate is extrapolated from that point on the curve where
the last dollar spent on the input results in just one
additional dollar of output.

Recommendationsbased on such calculations are
unrealistic, in that at a muchlowerrate of input use the
returns wouldbecomelow enoughthat the farmer could
better invest the next dollar in someother input or enterprise with a greater rate of return. Addto this the high
degree of risk associated with the tremendousyear-toyear variations in these production functions and in
commodity
prices, and it is obviousthat the true economicoptimumrate of input use maybe far belowthat
recommended.
That this is the case was supported by a
recent study by the USDA
EconomicResearch Service
(Glaze and Ali, 1988). They reported that, amongthe
commercialwheat producers surveyed, those with the
highest costs of production per bushel were also those
with the heaviest use of fertilizers and agricultural
chemicals. If these statistics are representative, they
bear important implications, not only for the role of
"low-input"farmingin the viability of individual farm
enterprises, but also for the sustainability of American
agriculture in a competitive world market. The latter
wouldbecomeespecially relevant should there be a general elimination of agricultural subsidies through the
upcoming General Agreements on Trade and Tariffs
(GATT)negotiations.
In addition to the low input concept, there are numerousother meansthat are generally, but not always,
relevant to achievinggreater agricultural sustainability. Tosave space, I will list several of these with only
very brief discussion.
1. Biologicaldiversity. Speciesdiversity is usually a
sign of ecological stability. A diversity of crop
and animal enterprises on a farm also often lends
economicstability.
2. Croprotations. Alongwith increasing diversity,
crop rotations are knownto reduce soil erosion,
ameliorate pest problems, improvesoil fertility
(especially if legumesare included in the rotation), and also produce an additional, unaccounted for 10 to 15%increase in crop yields.
3. Animalintegration. Plant and animal production
are so complimentarythat integration of animals
into farmingsystemsoften seemsessential to developing a sustainable system. Concentration of
livestock production separate from crop production makesit difficult to justify the kinds of rotations that enhancesustainability. It also makes
manurea serious waste disposal probleminstead
of a valuable on-farm resource.
4. The soil as biological system. Anunderstanding
of this concept leads to the use of management
practices designed to enhance the viability and
diversity of soil organisms (microbes, arthropods, earthworms,etc.) and biological functions
(organic matter and nutrient cycling, etc.). Formal research on the application of this concept
is sparse, but its role in successful, stable, low
input farm operations is often acknowledgedby
researchers and farmers alike.
5. Knowledge-basedfarming. Sustainable agriculture will probably depend increasingly on so-

phisticated information on weather prediction,
pest life cycles, soil processes, markets, and the
like, meldedinto a holistic understandingof the
agro-ecosystem and the agricultural community.
An important aspect of this arena is the ability
of the individual farmer to assimilate and, in
manycases, to generate the information and insights needed to allow him or her to adapt to
changingcircumstances. Sustainability implies a
dynamic,self-adjusting system.
Humanscale farm size. There is no simple answer to howbig is too big for sustainability, but
the trend of the past few decades toward ever
larger farms, operated by ever fewer farmers who
are ever moreremote fromtheir fields is one that
does not stand up well to the criteria of sustainability, both in terms of substituting management
for nonrenewableresources, and in terms of sustaining the numbers of economicopportunities
in farming.
Minimal dependence on nonrenewableresources.
Agriculture has been practiced for thousands of
years and will continue to be needed as long as
large numbersof humanspopulate the Earth. The
basic resources of agriculture are sunlight, air
(carbon and oxygen), water, soil (including
nutrient elements therein), germplasm(of animals, plants and microbes), and farmers (with
their skills, knowledge and labor). These resources are renewableand can sustain agriculture
in perpetuity, if managedwell. An agriculture
cannot be sustained in the long run if it depends
on the one-way, dead-end street of nonrenewable
resourcesuse; e.g., burningfossil fuels, dispersing
pesticides madefrom fossil fuels, or mining nutrients and dispersing them without recycling.
Soil can only be considered renewableif not allowedto erode awayfaster than it forms.
SUSTAINABILITY AS A PIVOTAL CONCEPT
FOR AGRICULTURAL POLICY,
EDUCATION, AND RESEARCH
The concept of sustainability is meantto integrate
economic, social, and environmental dimensions of
agriculture. This is not merelyan artificial construct.
Rather it is a recognition of the fact that all these
aspects are interconnected. Policies and practices will
not meet the test of sustainability unless they satisfy
all three sets of criteria given in the definition. Although it might be fine to have a particular piece of
legislation or research project devoted to such components of sustainability as soil conservation or lowinput farmingtechnology, sustainability requires that
all governmentpolicies and all agricultural research
meetthe three criteria ofsustainability. Otherwise,the
overall government programs will become riddled
with inconsistent provisions working at cross-purposes, and research will solve isolated problemswithout generating integrated systems, with the net result
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being little or no progress toward a more sustainable
agriculture. It must also be asked "does this provision
or project move agriculture in the direction that we
want it to go during the next 10 or 100 yr?" If continued, movement down the road laid out would seem
to lead inevitably to undesirable consequences, then
the direction should be altered now.
The commodity price-support programs are a good
example to consider. It has become clear to many people that these programs, intended to put a floor under
farmer incomes, have had far-reaching impacts on
many aspects of the agricultural system. The abandonment of diverse crop rotations in the Corn Belt
can be partially attributed to disincentives provided
by the base acreage provisions of that program. Price
supports, in general, also tend to take some of the risk
out of heavy investments in production inputs and
probably contribute to higher levels of fertilizer and
pesticide usage than would be the case without them.
The price support program also encourages the concentration of production on certain commodities
(often those produced in surplus).
In the absence of sustainability criteria, the emphasis of applied research at Land Grant Institutions
has tended to be influenced by such factors as gifts
and small grants from private industry, the academic
pressures on individual researchers to focus solely on
their narrow specialty, and the desire of extension personnel for easily recommended, widely applicable
technical fixes for specific production problems. As a
result, non-product-oriented, interdisciplinary systems research has been almost nonexistent. Perusal of
almost any extension guide to pest control will reveal
the tremendous imbalance between ecologically based
information and specific chemical fixes. Such a guide
typically contains more than 100 pages of tables listing
what chemical to use for which weed or insect at what
rate. Only a few sentences are devoted to the general
idea of cultural controls and cropping system management, with few, if any, specific suggestions for effective mechanical weed control, rotations, etc.
An overall sustainability standard could help
broaden research and extension approaches to better
deal with whole systems and the concept of maximizing farmer self-reliance for information and other inputs. The 2-year-old LISA research grants program is
a small, though exemplary start in this direction.
Given the extremely modest funds available (<$0.1
million per state), it is amazing how great an effect
this new program is having on the kinds of research
projects being undertaken, on the development of interdisciplinary linkages, and on the farmer involvement in research and technology development.
In education the holistic approach to sustainability
would suggest that there be more interweaving of ecological and social considerations in technical agronomy courses and that standard practices running
counter to the criteria of sustainability be discussed
more as stop-gap measures than permanent manage-
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ment approaches. Even with this kind of emphasis on
sustainability throughout the curriculum, it might be
useful to create a capstone course that focuses on integrating a wide range of technical material into holistic, sustainable agricultural systems.
The holistic nature of sustainability suggests that in
all policy and program areas, those options that would
tend to increase the number of farming and related
agricultural jobs in a community and improve the
working conditions in those jobs should be favored
over those that would not. Those options that would
tend to encourage further specialization and concentration should be rejected in favor of other options
that would not do so. Programs should be favored that
tend to promote the integrity of the agro-ecosystem,
its homeostasis and self-regulating, self-supporting
ability. Programs that promote the use of chemicals
toxic to humans and/or other nontarget organisms
should be replaced whenever possible with programs
that lessen the toxic load in the environment. Thus,
as far as possible, the criteria of sustainability should
help shape all farm policies, research programs, and
curricula. In this way it may be possible to empower
students and farmers to control their own destinies,
to provide proper stewardship for our nations natural
resources, and provide a future for rural communities.

