Agricultural sustainability:
an overview and research

assessment
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Agricultural sustainability has dif-
ferent meanings, depending on the
context. But many people share a
concern that the current, highly
productive agricultural system has
become so dependent on agri-
chemicals that problems have
emerged affecting the environ-
ment, food safety, farm-worker
safety, and production costs.
There are hindrances to change,
however, and research on low-en-
ergy-input farming is still develop-
ing. A broad approach is required,
taking into consideration not only
the farm production system but
also the need to “sustain” society
as a whole.

“Sustainable” is used by resource managers
to refer to the maximum harvesting of for-
ests or fisheries consistent with the mainte-
nance of a constantly renewable stock. The
same concept applies to the optimal use of a
groundwater aquifer. Sustainability is the
steady state in which what is being used
(harvested) is continually replaced.

Sustainability has been defined by popu-
lation biologists in terms of carrying capac-
ity—the maximum population size that the
environment can support on a continuing
basis.

Agricultural sustainability is sometimes
referred to as alternative, regenerative, low-
input, ecological, environmentally sound,
and even organic agriculture. These terms
are used by people interested primarily in
alternative systems of farming that will feed
expanding populations while minimizing
potential negative effects. Defining the
negative effects essentially separates or
categorizes the various proponents of sus-
tainable agricultural systems. Some groups
put primary emphasis on minimizing envi-
ronmental damage and degradation; sus-
tainability becomes almost synonymous
with stewardship of the earth. Others want
mainly to perpetuate a rural community
system. Still others equate agricultural
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sustainability with food self-sufficiency
while minimizing costs. Some advocate an
energy-conservation agriculture, measur-
ing efficiency of the system exclusively in
terms of energy use. Other proponents
argue that, because people require safe food
and water, an agricultural systemis needed
that can operate forever with only meager
dependence on inputs external to the farm.
Just as “sustainability” has different
meanings in various contexts, the agricul-
tural counterpart has social, ecological,
economic, and emotional connotations.

The current agricultural system

A succession of new technologies has
helped transform societies over the last few
centuries from predominantly rural to ur-
ban. The heavy plow, the harness, and the
nailed horseshoe doubled agricultural pro-
ductivity with horses over that with oxen,
according to historian L. White, Jr. Me-
chanical power replaced the horse early in
this century, resulting in further productiv-
ity gains and releasing vastamounts of land
for food production formerly used to pro-
duce animal feed. Over the last half cen-
tury, the revolution in productivity for the
developed, and to a lesser extent the devel-
oping world, has been from the chemical
technologies applied to agriculture. The
next technological revolution is expected to
come from biotechnology, particularly re-
combinant DNA.

Since the turn of the century, a dramatic
downward trend has occurred in the use of
nonpurchased farm inputs—those pro-
duced on the farm—while purchased in-
puts, such as fertilizers, pesticides, equip-
ment, machinery, and hired labor, have
increased. Total production expenses in the
United States have grown since 1900 from
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45% to over 80% of gross farm income. Be-
tween 1950 and 1985, manufactured inputs,
interest, and capital-related expenses as a
share of total production cost almost
doubled (from 22% to 42%), while labor and
farm-origin input expenses declined from
52% to 34%. Similar trends are found in
other developed regions and in the devel-
oping countries with the greatest produc-
tivity gains. If farming systems are to be
“sustainable” in that they minimize the use
of external inputs and maximize internal
inputs already existing on the farm, a way
must be found to reverse these nearly cen-
tury-old trends.

Relative prices are important in farmers’
decisions to shift to or from energy-inten-
sive production. A U.S. Department of
Agriculture study shows that, during most
of the last four decades, both farm wage
rates and the price of farm machinery in-
creased at a faster rate than the cost of farm
chemicals, making fertilizers and pesticides
relatively inexpensive factors to substitute
for other inputs. Priceincentives have thus
contributed importantly to increased
chemical use in the postwar years; these
high chemical application rates have been
only slightly moderated recently, in part
because of their increased cost.

This agricultural system in the United
States and other developed countries,
which relies heavily on energy-intensive,
purchased inputs, is without a doubt a suc-
cess story in terms of traditional measure-
ments of output and productivity. Agricul-
tural abundance is now seen also in parts of
theunderdeveloped world. Many develop-
ing countries are participating in the global
expansion of agricultural output. India,
China, Bangladesh, and Indonesia have
experienced dramatic turnabouts in pro-
duction. The “green revolution,” accompa-
nied by applications of biotechnology to
plant and animal agriculture, promises
more.

Impetus to change

Despite the impressive gains and the
hopes for continued or even expanded
growth, the rate of increase in food produc-
tivity has been diminishing (table 1). Some
question whether this portends some ap-
proaching capacity limits to productivity
gains. At the same time, other concerns
about current farming technologies are
being raised:

Groundwater contamination. In some
areas, agricultural chemicals and by-prod-
ucts have leached into underground aqui-
fers used as a source of drinking water. In
the United States, residues of 17 different
pesticides have been detected in ground-
water in 23 states, according to the U.S. En-
vironmental Protection Agency. U.S. Eco-
nomic Research Service economists Eliza-
beth Nielsen and Linda K. Lee found that



about one-third of all U.S. counties are vul-
nerable to groundwater contamination by
pesticides. In 1986, California voters passed
Proposition 65, the Safe Water and Toxic
Enforcement Act, which holds industries,
including agriculture, directly accountable
for their use of chemicals that can cause
cancer, birth defects, or sterility.

Food safety/pesticide residues. Con-
sumer attitude surveys have revealed that
pesticide residues on agricultural com-
modities are judged to be a serious hazard
to health. In fact, many consumers tend to
be more worried about pesticides than
about hazards that food safety experts feel
are much more serious, such as fats, choles-
terol, and microorganisms. There has re-
cently been a spate of publications on the
subject, including Leaching Fields, Regulating
Pesticides in Food: The Delaney Paradox, Pes-
ticide Alert, The Invisible Diet. The UC Agri-
cultural Issues Center sponsored a year-
long study of the ways agricultural chemi-
cals find their way into our food supply,
what therisks are, and what should bedone
about it.

Health and safety of farm workers.
Many argue that worker safety is of higher
priority than food safety in reference to
agricultural chemical usage. Quoting
Donald Kennedy, President of Stanford
University, at a UC Agricultural Issues
Center Conference: “...a careful look at the
problems of occupational health and prob-
lems of consumer health reveals that they
are not the same. Persistence is an impor-
tant feature of pesticide risk to consumers;
but the occupational threats to production
workers, applicators, and agricultural field
workers relate much more to immediate
toxicity. Thus the organophosphate insec-

ticides, if proper reentry times are not ob-
served, constitute major occupational haz-
ards—but, owing to their rather quick deg-
radation, they are not the major problems
for consumers.”

Effects on wildlife. Environmental con-
tamination from agricultural chemicals has
in some areas caused direct harm to certain
wildlife species. It has indirectly affected
others preying on those that tend to accu-
mulate residues in their tissue. Some tie a
large part of an observed decrease in wild-
life populations directly to increased use of
agricultural chemicals. Legislation restrict-
ing agricultural chemical use in known
habitats of endangered species has been
enacted.

Dwindling supplies of resources. The
energy crisis in the early 1970s drew atten-
tion to scarcity and capacity limits of impor-
tant nonrenewable resources and to
agriculture’s increasing dependence on
energy-intensive inputs.

Other environmental concerns. Re-
cently, in the face of mounting commodity
surpluses, U.S. farm legislation has taken a
conservation posture. The 1985 Food and
Security Act included provisions for a con-
servation reserve program, a conservation
compliance requirement, and sodbuster
and swampbuster programs, all aimed pri-
marily at reducing soil erosion. The World
Bank is also bringing environmental con-
cerns to the center of its policy-making
agenda with the creation of a new Environ-
mental Department overseen by the vice
president of policy, planning, and research.

Increasing production costs. The se-
vere recession farmers experienced in the
first half of the 1980s has accentuated the
need for cost-reducing technologies to de-

TABLE 1. Growth rates for agricultural production

Region* 1951-60 1961-70 1971-80 1980-84
%/year
Developed countries 25 1.9 1.8 1.1
Developing countries 3.1 2.7 3.2 3.0
Latin America 3.3 2.7 35 0.0
Mexico 5.3 4.0 2.8 -1.0
Brazil 5.1 27 44 1.7
Argentina 2.0 21 44 0.5
Middle East 4.2 3.0 38 -0.6
South Asia 3.3 25 1.8 1.5
India 3.4 2.1 24 24
Southeast Asia 2.8 4.2 46 23
East Asia 5.1 44 4.7 -0.2
Indonesia 2.9 1.7 4.2 4.2
People's Republic
of China 1.7 2.0 1.9 5.2
Africa® 2.9 3.0 1.1 1.6
Sub-Saharan Africa® 341 2.2 1.5 1.7

SOURCE: U.S. Department of Agriculture, Economic Research Service, World Indices of Agricultural and Food
Production, Statistical Bulletin No. 669, 1981 and Statistical Bulletin No. 730, 1985.
* Country groupings are as defined by the U.S. Department of Agriculture.

° Excluding South Africa.

crease reliance on purchased farm inputs.
In California, costs of pesticide purchases
and application for specialty crops may be
as much as 20% of total direct costs for a
season. Ed Sills, a California grower who
has turned to organic farming, reported at
the UC Agricultural Issues Center confer-
ence: “..it appeared to me that we were
spending a lot of money to produce crops
that were in oversupply, and using a great
deal of high-priced chemicals to do so. In
rice and almond weed control, it seemed
that I was selecting for the weed that was
hardest tokill, and invariably that last weed
required the highest priced herbicide to
controlit.” Pestresistance tochemicals that
worked well in the past is an increasingly
serious problem.

Research

The number of experimentally designed,
replicated studies on sustainable or low-
energy-input farming systems is still lim-
ited compared with those on current meth-
ods. Tenyearsago information was almost
nonexistent.

Research and extension activity dealing
with these systems has been increasing in
nearly every agricultural research institu-
tion. Many studies are comparative analy-
ses, some using replicated experiments,
whole farms, and side-by-side field com-
parisons. Farming practices in the eastern
and midwestern United States have re-
ceived the greatest attention nationally,
with relatively little work done in specialty
crops in the irrigated West. Requirements
for any farming system, including low-
energy-input, vary between countries, be-
tween regions, and even from farmto farm.
Much of the research so far on alternative
farming systems is based on case studies
over limited periods. These only suggest
possible outcomes and make generalization
difficult. Tailoring a system to unique on-
farm conditions requires time and consider-
able management skill.

Some of the alternative, low-energy-input
methods being analyzed include: use of
natural enemies or biological control
agents; appropriate field selection; changes
in land preparation, irrigation, tillage, and
sanitation; improved timing of planting;
and choice of resistant varieties. Attempts

are made to substitute renewable sources of

soil nutrients such as manures and legumes
for chemical fertilizers partially or in total.

Any of these changes must be considered in

the context of the entire farming system.
Case studies show that, under particular

conditions, low-energy-input systems can
produce economic returns close or equal to

those from conventional farming methods.

In most cases, the farmer is substituting

land, labor, and especially management for
chemical inputs. The extra management

and experience required for “low-input”
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systems suggest that if farmers switched
abruptly from chemical-intensive to certain
kinds of sustainable farming methods, their
yields would probably decline sharply at
first.

Studies of sustainable farming methods
often emphasize the costs and benefits of
adopting a particular method as they relate
to a specific enterprise—for example, rota-
tion effects on corn yield. Proponents of
sustainable systems contend that the effec-
tive “system” boundary usually includes
the entire farm or management unit, its crop
and animal mix, the crop rotation or se-
quence, and the flow of materials through
the system over time. William Liebhardt,
director of the UC Agricultural Sustainabil-
ity Program, points out that a systems
analysisis required that considers not only
the inputs and outputs of the agricultural
process but also the environment at large
(physical, economic, institutional) and the
interaction among these components. Few
studies of this nature are yet available.

Integrated pest management

IPM is a low-input approach that has
achieved notable success in numerous re-
gions and crops. The strategy is to use a
combination of biological, physical, and
chemical controls, habitat modification
techniques, and “whatever works” to moni-
tor the system, economically reduce pest
damage, and minimize chemical use. Na-
tionwide, programs have been developed
for corn, cotton, alfalfa, soybeans, grapes,
apples, aimonds, peanuts, and tobacco, to
mention a few.

In many cases, farmers are able to reduce
and sometimes eliminate pesticide applica-
tions that would routinely be used under
conventional systems. IPM practices are
usually profitable, particularly when prop-
erly applied to cropping systems and re-
gions where high rates of pesticides have
normally been used. As with other low-
input practices, IPM calls for careful mul-
tidisciplinary analysis at the research level,
as well as more sophisticated, skilled man-
agement and more information at the farm
level, than is required for other farming
systems.

A systems approach to research

Liebhardt lists the many factors that deter-
mine the specific type and amount of pesti-
cides needed for a particular crop, in a par-
ticular field, in a particular season: (1) ge-
netic (crop species, variety, pest resistance,
and chemical resistance); (2) environmental
(location, climate, year-to-year changes,
soil, water, pest population and inoculum
levels, beneficial organisms); (3) agronomic
(cropping pattern, planting date, irrigation
method, field selection, tillage); and (4)
economic/policy (management system on
farm, consumer demand and market struc-

18 CALIFORNIA AGRICULTURE, MAY-JUNE 1989

ture, relative costs of control practices, regu-
lations and farm programs, farmer beliefs
and attitudes). Therefore, analysis requires
the joint effort of researchers and extension
specialists in, for example, agronomy, soil
and water sciences, entomology, animal
science, engineering, and agricultural eco-
nomics. Muchindividual consultation with
users will also be required. Since most agri-
cultural universities are organized around
disciplinary departments, considerable
reorganization may be needed to mount a
serious research and extension effort to
understand and apply low-energy-input
agricultural systems.

This is not to imply that only applied re-
search is needed. The search for effective
reduced-chemical alternatives requires the
full spectrum of basic to applied research.
For example, years of basic research are
needed before a microbial pesticide or an
insecticide-resistant parasite can be brought
to the marketing stage.

Most attention has centered on the feasi-
bility of adopting low-energy-input tech-
nology at the farm level. Questions about
the larger effects a widespread switch
would have on the economy (farm income,
exports, consumer food prices, structure of
the agricultural sector) have been largely
ignored. At this stage, so little is known
about expected yields and costs in most U.S.
cropping situations, and about associated
price and structural effects, that any conclu-
sions must be viewed with caution. Forone
thing, new (even profitable) technologies
usually require a considerable transition
period. Therefore, the movetolow-energy-
input farming will probably be associated
with a gradual adjustment in prices and
resource use.

Impediments to change

The structure that has evolved based on
cheap energy inputs (fuel, fertilizer, and
pesticides) helps explain farmers’ reluc-
tance to adopt low-input or sustainable
methods. Farms in the United States, and in
other developed countries, tend to be highly
specialized. But multiple cropping and
even multiple crop-livestock systems are
the hallmark of most low-input farms. The
heavy investment in equipment and ma-
chinery, and the debtload, of existing high-
input farms means that a switch to alterna-
tive farming systems could require a formi-
dable disinvestment. Also, considerable
retraining of farm managers and the work
force might be necessary.

Government programs that provide in-
centives for high-input farming were de-
vised in a cheap energy era and remain
largely intact. The food processing and
distribution system has evolved to comple-
ment the current production system and to
meet the needs of masses of people in met-
ropolitan areas. For example, the premium

put on fruits and vegetables that are cos-
metically appealing to consumers makes it
difficult to produce and market profitably
without chemicals.

In many developing countries, reliance is
placed on family labor, integrated crop-live-
stock operations, and polyculture—all
components of sustainable systems. More-
over, farmers are on small holdings of mar-
ginal land with limited access to capital,
credit, and markets, prerequisites for con-
ventional agricultural operations. Yet the
current trend is toward more rather than
less use of agricultural chemicals in the
developing world. Fertilizer application
ratesareup; thelargest gains in Asia, where
rates doubled between 1974-76 and 1981-83.
The value of pesticide imports to Asia more
than tripled in constant dollars between
1971-73 and 1983-85. Apparently, in such
areas, the pressure to boost food productiv-
ity and turn a profit means a shift toward
the chemically intensive practices of the
developed world.

An agenda for change

In conclusion, I make two observations.
First, I would argue that our area of inquiry
for considering change should be broader
than the farm production system that has
received most of the emphasis. Itissociety
and the people within it that we want to
sustain over time. Asimportantastheagri-
cultural production system s to that goal, it
should not be considered as an end in itself
or independent of other aspects that come
together to define “quality of living” in'its
broadest sense. It makeslittle sense to make
decisions at the production level affecting
the quality of the product if that product
cannot be profitably marketed because of
constraints in another part of the food chain.
Agriculturists must give primary attention
to the total food system—production, proc-
essing, and distribution. Thatis, we want to
consider changes in the total food system
that can meet the growth in food demand
and be consistent with societal long-run
food safety and environmental goals.

Second, chemical use and any alternatives
to chemical use at whatever level of the food
system must be viewed and analyzed in a
benefit/cost framework. These costs and
benefits are those not only to the farmers
using chemicals, but to consumers and soci-
ety asa whole. Benefits to farmers fromuse
of agricultural chemicals include increased
yields and reduced pest damage; costs are
the additional outlays for the chemicals and
possible hazards in applying them. Simi-
larly, benefits and costs can be calculated for
whatever chemicals or additives are used
by food processors, wholesalers, and retail-
ers. [tis usually possible to assess the cost/
benefit of conventional practices because of
their impact through the marketplace.
continued on page 37



meet the shortage number would addi-
tional registration be announced. If the top-
priority group were from 1 to 50,000 smaller
than the shortage number, applications
would be accepted only from aliens cur-
rently residing in the United States whose
qualifying agricultural work was in SAS. If
the difference were greater than 50,000, all
eligible aliens residing in the United States
could apply. At a difference greater than
200,000, registration would be extended to
all eligible aliens, including those living
outside the United States.

The lists of denied SAW applicants and
additional registrants would be randomly
ordered, except that spouses and unmar-
ried children of aliens legalized under IRCA
would have priority within each group.
Aliens would be invited to interview and
petition for RAW status in the order in
which they appeared on the resulting mas-
ter list. If the proposed registration priority
is sustained in the final rule, RAW-eligible
aliens who have remained illegally in the
United States will be higher on thelist, ironi-
cally, than those who left when they became
ineligible for employment.

Conclusion

For the first two years of IRCA implemen-
tation, the new legalization programs and
hiring rules diverted most attention from
the law’s other major provisions affecting
farm labor supply. With possible admission
of replenishment agricultural workers only
a few months away, farm employers and
government administrators are facing the
formidable task of gearing up for the RAW
program. They are generating and process-
ing a tremendous amount of labor market
information.

Determinations of how many RAWSs to
admit each year, from fiscal 1990 through
1993, will rely heavily on data provided by
employers to the USDA, DOL, and Com-
mittee for Employment Information on
Special Agricultural Workers. Evenimper-
fect compliance with the new reporting
obligation and uneven participation in the
voluntary surveys will greatly enrich the
stock of information about farm employ-
ment and the influence of legal status on
occupational choice. As concern mounts
about future farm labor supplies and the
impact of IRCA on California agriculture,
data collected for RAW program admini-
stration will hold great interest for agricul-
tural employer and labor groups as well as
the research community.

Howard R. Rosenberg is Cooperative Extension
Specialist, Agricultural Labor Management,
Department of Agricultural and Resource Eco-
nomics, University of California, Berkeley.
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differences in grading. Water penetration
was shallowest in the wheel track positions,
and intermediate at the interrow center
position.

Conclusions

The increases in infiltration quantity and
water penetration depth resulting from all
of the calcium-added treatments were en-
couraging, but certainly not of great magni-
tude and less than we had hoped for in this
experiment. We had hoped for 100% in-
creases. Tworelated factors may have con-
tributed to the lack of a greater difference
between control and calcium treatments.
Oneis therelatively steep grade, 0.4%, of the
border checks, and the other is the length of
set, 14 hours. A gentler grade and a longer
set, allowing a longer opportunity time for
infiltration, perhaps would have magnified
the difference between controland calcium
treatments. Even with the 0.4% grade, a
cutback of water application at some point
and extension of the length of set might
have provided moreinfiltration and deeper
penetration, particularly at the lower end of
the checks.

Among the calcium treatments, the sur-
face-spread gypsum surprised us by re-
maining effective for several irrigations
after it had apparently all been dissolved.
This finding implies that high concentra-
tions in the early irrigations are not as
wasteful as it would firstappear. They may
have a favorable effect on soil structure that
deteriorates only slowly after the gypsumis
gone, as long as the soil surface remains
undisturbed.

The gypsum-dissolving machine worked
well in adding approximately 3 mil-
liequivalents per liter to the irrigation wa-
ter. The calcium nitrate solution was easily
prepared and applied, but more research is
needed to determine if this substantial ni-
trate addition (180 pounds nitrogen per
acre) is equivalent to conventional fertiliza-
tion. Runoff flows should be recycled to
preventenvironmental pollution by nitrate.

William E. Wildman is Extension Soils Special-
ist, Emeritus, Department of Land, Air and
Water Resources, University of California,
Davis; William H. Krueger is Farm Advisor,
LIC Cooperative Extension, Glenn County;and
Richard E. Pelton is Staff Research Associate,
LAWR Soil Extension, UC Davis.

The authors thank Gary Thatcher of Domtar
Gypsum Company, Oakland, for providing the
gypsum and dissolving machine, and Robert
Millaway of Wilson and George Meyer Com-
pany, San Francisco, for providing the calcium
nitrate. They also thank Brad Hall, Glenn
County Extension Assistant, and Dan Moore
and Shannon Sadler, UC Davis graduate stu-
dents, for their assistance in making field meas-
urements.
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However, calculation of costs and benefits
for low-input systems not yet in full opera-
tion is much more difficult.

Consumer benefits of chemical use within
the food system include (possibly) in-
creased quality and quantity of food, lower
prices, and increased availability of perish-
ablefoods overlonger periods. Anexample
is the health benefits of having a year-round
supply of fruits and vegetables available in
many parts of the world. Costs to society
may include consumer health risks from
residues on crops, exposure of farm work-
ers to contaminants, degradation of under-
ground aquifers and waterways. Quantifi-
cation of these effects is difficult, since both
market and nonmarket evaluations are
involved.

Further, we need to understand what poli-
cies are appropriate whensocial benefits do
not exceed or equal social costs. The im-
pacts of any regulation usually extend far
beyond its intended purpose. And conflict-
ing regulations currently plague the food
industry in the United States.

Increasingly, we are receiving signals that
our high-technology, energy-intensive agri-
cultural system has not only not sustained
productivity, but is causing troublesome
environmental problems and exerting pres-
sure on the resource base. These concerns
have not been translated into quick action
and change. Legislation in the United States
has been passed at the state and federal level
aimed mainly at some of the environmental
issues without consideration of the total
problem. Many farmers express interest in
adopting low-input practices, but so far
change has not been widespread for a vari-
ety of reasons—lack of knowledge, risk of
decreased profitability, fixity in existing
investments. Farmers can’t be expected to
bear all the costs when they can claim only
a share of the perceived environmental
benefits.

In summary, there is considerable inter-
est—even deep concern by some groups—
and support is growing for action and
change. Agricultural academic institutions
and the U.S. Department of Agriculture are
making a good beginning in researching
sustainable agriculture. Every indicationis
that the pace will be accelerated in the near
future. But we don’t have sufficient infor-
mation on farm, regional, or globalimpacts
of the changes that will ensue. The current
agricultural system evolved over consider-
able time, and with some “nudging and
pulling,” we can eventually tiltitin a differ-
ent trajectory. However, the rhetoric vastly
exceeds our knowledge at this time.

Harold O. Carter is Director, Agricultural Is-
sues Center,and Chair, Department of Agricul-
tural Economics, University of California,
Davis.
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