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ABSTRACT-Corn production in the United States provides an
example of the agricultural changes that have occurred in recent times.
Because all such agricultural activity potentially can affect the environment to some degree, the challenge is now to quantify and understand
those effects. Although monitoring of the environment for such effects
is not new, the procedures often fall short of providing reliable quantitative data. One example is the inconsistent, incomplete, and unreliable
information currently available to assess US surface water quality and
trends in that quality. The utilization of probability-based sampling
designs could playa vital role in the improvement of information on the
interface between agricultural activity and environmental quality.

Today only 2.5% of the United States workforce are in farm occupations. In contrast, in 1820, the US had an agrarian society with 71.8% of the
workforce engaged in such jobs (World Almanac 1998). Although the proportion of people farming has declined in the US, food is inexpensive and
plentiful, and massive amounts are exported to other nations. However,
since the publication of Rachel Carson's Silent Spring in 1962, awareness of
the potential negative effect of pesticides on the nation's natural resources
has increased. Agriculture has a particularly large impact on the environment, especially water, through its manipulation of the land, pesticide use,
irrigation, etc. (Frederick 1980; Soule and Piper 1992). Resulting environmental concerns have given rise to legislation, such as the 1972 Clean Water
Drinking Act. Here I review the interrelationships of agriculture, the environment and policy, with an emphasis on the role of statistics in this arena.
To provide focus, I examine corn production as an example. It is now
the most widely produced grain crop in the world, yielding approximately
604 million metric tons in 1998 (Food and Agriculture Organization of the
United Nations 1999). On average, corn constitutes an estimated 143 of the
estimated 2,745 calories consumed per capita daily. Its extensive use as an
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animal feed leads to additional, secondary consumption. Further, the complex issues faced in corn production are common to most crops, certainly all
of the primary crops of the Great Plains. After providing a short history of
modern corn production, farm policies, and environmental impacts, I discuss the current status of these interrelationships and the role of statistics.
Corn: Production, Policy, and the Environment

Corn is a New World food. The modern history of corn began on 5
November 1492, when Christopher Columbus, then at Cuba, recorded in his
journal: "There was a great deal of tilled land sowed with a sort of beans and
a sort of grain they call 'Mahiz' which was well tasted baked or dried, and
made into flour" (Giles 1940:9). Later explorers to the New World found
corn being grown from Canada to Chile, wherever agriculture was practiced
(Giles 1940; Walden 1966; Hardeman 1981). Corn from cultivated fields
was used to augment the diet of fish and game of semi-nomadic hunting and
fishing tribes in both North and South America. In contrast the Maya,
Aztecs and Incas all looked to corn as the main staple in their diet (Walden
1966). Corn's abundant harvests, supplemented with beans, squash and
pumpkins, permitted these groups to devote time to weaving fabrics, molding pottery, building highways and pyramids, inventing a system of arithmetic, and perfecting a calendar more accurate than the Old World one for
the same period.
The European colonists adopted the corn plant. They also embraced
the methods of culture, harvesting, and utilization that had been developed
by the Native Americans (Giles 1940; Hardeman 1981). These practices
included planting corn in hills, interplanting corn with beans and squashes,
using husking pegs in harvesting, storing the ears in ventilated cribs, using
green corn for roasting ears, and removing the hull with lye to make hominy.
In the early days of European exploration, land was abundant, inexpensive, and easy to acquire. Labor was expensive and capital was often
lacking (Sanford 1961; Batie and Healy 1980; Cochrane 1993). These
factors led to land being viewed as expendable. Practices were adopted that
had long been abandoned in the Old World, such as absence of rotation and
neglect of livestock and manures. The land was exploited without regard to
its future use, mining the soil of its mineral and vegetative matter (Cochrane
1993).
The "collection of agricultural statistics and distribution of seeds" was
initiated in 1839, when Congress appropriated $1,000 to the patent office
for this job (Olsen et al. 1999). In 1862, this work was moved to the newly
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formed US Department of Agriculture (USDA). A year later the Division of
Statistics was formed within USDA. This unit was a forerunner to the
Statistical Reporting Service and, subsequently, today's National Agricultural Statistical Service.
The patent office completed the first agricultural census in 1840. It
compiled the number of farms, their ownership, acreage, improvements,
crop yields, livestock, and value. Unfortunately, the data were collected by
federal marshals and temporary political appointees, and the work was
poorly done (Olsen et al. 1999). For example, there is evidence that the data
were carelessly transcribed, unscientifically tabulated, and inaccurately
checked (or not checked at all). The result was numerous errors. To correct
many of the errors, it was necessary to go back to the original manuscript
schedules, many of which were lost. The American Statistical Association
strongly criticized the methods used in this census. Although the criticism
led to an improvement, problems continued. Thus, the results from the early
censuses must always be used with caution. Later censuses brought changes
in methods, making comparisons with earlier ones difficult or misleading.
In the early 1960s, "objective yield" surveys which incorporated probability sampling were introduced. Today, the National Agricultural Statistical
Service publishes nearly 400 national (Allen 1994) and 9000 state reports
(Fecso et al. 1986) each year.
As the United States began to mature, agriculture became more commercialized, making it more subject to market fluctuations (Tweeten 1970,
1989). In times of good market prices, land was often purchased on credit,
and marginally productive areas were planted. Drops in prices caused farmers to default on loans. During the years 1909-1914, known as the "parity
years," farm prices peaked relative to other segments of the economy.
However, as the country entered the depression of the 1930s, farmers began
to suffer. In response to farmers' needs, Congress enacted the Agricultural
Adjustment Act of 1933. This act became the cornerstone of US farm policy
for more than 50 years (Tweeten 1989). An elaborate structure of farm
income support programs, acreage incentive and control schemes, guaranteed low-interest loans, crop disaster payments, and government-pegged
target prices for various crops was developed (Council for Agricultural
Science and Technology 1992).
Congress has also shown a concern for the environment. For example,
in 1935, Congress declared soil erosion was a national menace and directed
the US Department of Agriculture to establish the Soil Conservation Service (Tweeten 1970; Cochrane 1993). The Federal Insecticide, Fungicide,
and Rodenticide Act (FIFRA) of 1947 provided the basis for regulatory
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pesticide supervision. Note that this act was passed even though in 1952
only about 10% of the US cropland was treated with herbicides; today 90 to
95% of farmland receives herbicides (Council for Agricultural Science and
Technology 1992). In 1969, Congress passed the National Environmental
Policy Act (NEPA), the most comprehensive environmental legislation that
has ever become law (Cochrane 1993). NEPA has had at least three important consequences. First, it requires each federal agency to complete an
environmental impact statement before taking a major action that might
negatively impact the environment. Second, NEPA authorized the establishment of the Council on Environmental Quality within the executive branch.
Third, NEPA created the Environmental Protection Agency (EPA) and gave
it responsibility for protecting and improving the natural and human environment within the United States.
The average corn yield per acre harvested from 1870 to present has
increased dramatically (Fig. 1). The increased yields have allowed US
farmers to meet consumer needs with fewer people. In 1950, there were 10.4
million people in farm occupations (US Department of Agriculture 1952).
However, the number had dropped to 3.3 million in July, 1990 (US Department of Agriculture 1997). During this same period the number of US farms
dropped from 27 million to 1.9 million (Council for Agricultural Science
and Technology 1992). What are the technological and political forces
behind such changes? What impact has there been on the environment, and
what policy has resulted from these impacts?
Multiple technological changes have occurred, each of which has
some potential environmental impact. Mechanization has increased and
dramatically changed the manner in which farming is conducted (Cochrane
1993). No longer do farmers have to spend days walking behind an animal
directing a plow. Farm machinery, including tractors, combines and corn
pickers, has made husbandry of large fields possible. Consequently, instead
of subsistence farms, modern farms tend to be relatively large acreages that
specialize in only a few crops. This is especially true on the Great Plains,
where the size of a farm is often given in terms of sections instead of acres
(Cochrane 1993). Although the use of farm machinery pollutes the environment, it is not clear whether that pollution exceeds that which would develop from the number of animals that would be needed to perform the same
tasks. Unlike machinery that can be turned on and off, animals must be
maintained year around.
Irrigation has also had a major impact on agriculture. The government
policies begun in the 1930s resulted in a "go-grow" philosophy (Council for
Agricultural Science and Technology 1992). Fences were removed. Grass
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Figure 1. Five year average com yield per harvested acre (in bushels) from 1866 to 1995
(US Department of Agriculture 1952, 1962, 1973, 1987, 1996).

waterways, vegetative buffer strips and shelter belts were plowed. Wetlands
and swamps were drained. Ground water irrigation systems permitted more
extensive farming. Lands with poor moisture-holding capacity and lands
with no natural or engineered drainage systems were put under irrigation.
The result was increased soil erosion, water pollution, loss of genetic diversity, and loss of fish and wildlife habitat (Soule and Piper 1992). In addition,
irrigation water is one of the major sources of increased soil salinity; and,
soil salinity can result in crop yield reductions and water quality degradation (Frederick 1980).
Although mechanization and irrigation have increased the acreage
that one person can farm and the extent to which new areas can be farmed,
they are not primarily responsible for the increase in the average yield per
acre (Aldrich et al. 1986; Jugenheimer 1985). The main factors that have
increased corn yield are (1) hybrid corn, (2) the ready availability of nitrogen fertilizer, and (3) chemical herbicides.
Numerous opportunities for hybridization were created through trade
and migration of Native Americans (Giles 1940; Walden 1966; Hardeman
1981). Colonialists continued the process, often unconsciously. Although
research to develop improved strains had been conducted, a major breakthrough occurred about 1920 when a new method of improving corn
through hybridization, and controlling the utilization of hybrid vigor, was
widely adopted (Fitzgerald 1990). The method is based on advances in corn
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genetics, led by G. H. Shull of the Carnegie Institution, E. M. East of
Harvard University, and D. F. Jones of the Connecticut Agricultural Experiment Station. Although hybrid seed is expensive to develop, it provides jobs
for thousands in the corn belt each summer. Its immense productivity has
resulted in about 90% of the US corn acreage being planted annually to
hybrid corn. Of all of the advances, the increased use of hybrid, is the one
with the least direct impact on the environment.
About 23% of the US acreage is planted to corn, and corn accounts for
approximately 43% of nitrogen fertilizer use (Carey 1991). Initially, fertilizers were produced organically from tankage (meat or garbage waste products), sewage sludge, castor pomace, bones, cottonseed meal, fish scraps,
and dried animal manures, including guano (Nelson 1990). Also, natural
deposits of nitrate of soda, the first source of chemical nitrogen fertilizers
were mined. The first deposits were discovered in central Chile in 1809 by
Thaddeus Haenke. Spaniards began mining the deposits about 1813. Another advance was made when techniques were developed to fix nitrogen
from the air. Before 1850, nearly all nitrogen fertilizers were organic;
however, by 1950, the natural organics had declined to a minor place in
supplying nitrogen fertilizers to the world.
Contaminants, such as excessive amounts of nitrogen and phosphorus
from commercial fertilizers and manure or pathogenic microorganisms from
manure, may cause water quality problems (Soule and Piper 1992). These
could arise from run-off or leaching into the groundwater from agricultural
areas. Although nitrate nitrogen levels at or below 10 mg/l would not be
expected to cause nitrate/nitrite-related health problems for adults, the nitrite standard for drinking water is 1 mg/l, the legally-enforceable Maximum Contaminant Level (MCL) for municipal water supplies (US Environmental Protection Agency 1989, 1990). However, eutrophication can occur
in surface water at nitrate levels as low as 1 mg/l, and phosphorus can cause
fresh water eutrophication at even lower levels.
Weeds can have a major impact on yield (e.g., Aldrich 1986). In 1944,
experiments showed that 2,4-D, a growth-regulating chemical, would selectively kill many broadleaf weeds without serious injury to corn (Craig
1948). This compound was the forerunner of the many synthetic organic
chemicals now used to selectively kill certain weeds or families of weeds,
while minimizing damage to the crop. These herbicides differed in principle
from earlier chemicals in that they upset the internal growth mechanism of
plants, instead of killing on contact. The amount of chemical needed to
upset the growth mechanism is much less than the amount needed to kill by
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salt concentration or solubilization by petroleum compounds, two approaches commonly used earlier. Thus, small dosages could be used to
cover large areas. Usually herbicides are used prophylactically in corn.
Chemical insecticides are another aid to modern agriculture. Before
the 1870s, methods to control pest damage in crops were largely cultural
and physical (Council for Agricultural Science and Technology 1992).
Approaches included crop rotation, destruction of crop refuse, timing planting date to avoid high pest population periods, use of trap crops, pruning and
defoliation, and isolation from other crops. "Paris green" was developed in
1890 to combat the potato beetle, initiating chemical pest control in US
agriculture (Metcalf 1986; Young and Young 1994). Because of the wide use
of pesticides, including fungicides, nematicides and rodenticides, in addition to herbicides and insecticides, resistance has occurred. Although more
widely reported in insects than in weeds, resistance is a concern for both
types of pesticides.
Numerous factors affect the penetrability of pesticides through soils,
including formulation, frequency of application, soil condition, and rate of
rainfall or irrigation (Council for Agricultural Science and Technology,
1992). These factors can be grouped into two broad categories: intrinsic
vulnerability factors and anthropogenic vulnerability factors (Kellogg et al.
1992). The intrinsic vulnerability factors are the environmental factors,
such as climate and soil properties, that are present irrespective of human
activities. Anthropogenic vulnerability factors are producer activities, such
as chemical use and irrigation, that have potential impacts on ground and
surface waters. Both intrinsic and anthropogenic vulnerability factors are
geographically diverse.

Statistical Analysis Tools in Environmental Assessment
Some of the major agricultural developments have potentially negative
environmental impacts. Has the environment been significantly impacted
negatively? In a 1986 report to Congress, the nation's remaining water
quality problems were attributed to pollution from nonpoint sources (US
Environmental Protection Agency 1986). At that time, about 50 to 70% of
the assessed surface waters were adversely affected by agricultural nonpoint
source pollution from soil erosion of cropland and overgrazed ranges, and
from pesticide and fertilizer application. Identified agricultural pollutants
included pesticides, sediment, nutrients, and bacteria from agriculture cropland; livestock production and waste management facilities; and grazing
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areas. Both pollutant losses in surface runoff and pollutant leaching to
ground water contribute to agricultural nonpoint source pollution. Yet, how
accurate are these numbers?
The sampling procedures used by the National Agricultural Statistical
Service provide accurate agricultural statistics for production (Olsen et al.
1999). Unfortunately, the statistics used to evaluate the degradation of the
environment, particularly water, are not of the same quality. For example,
under Section 305(b) of the 1972 Clean Water Act, each state is required to
submit a surface water quality assessment, a 305(b) report, to the Environmental Protection Agency every two years (Olsen et al. 1999). Each state is
to assess how well their water bodies support: (1) aquatic life, (2) fish
consumption, (3) shellfish harvesting, (4) drinking water supply, (5) primary contact recreation-swimming, (6) secondary contact recreation (e.g.,
boating), and (7) agriculture. The objective is to evaluate progress on the
"fishable and swimmable" goals of the 1972 Clean Water Act. Each water
body is assigned to one of five categories: (1) fully supporting, (2) threatened, (3) partially supporting, (4) not supporting, and (5) not attainable.
Methods of monitoring and assessment of surface water quality vary
from state to state, and they may vary within a state from year to year as well
(Olsen et al. 1999). Most states do not assess or monitor all water bodies
every two years. At present, probability sampling and long-term trend assessment are uncommon. The Environmental Protection Agency published
standards for the 305(b) reports in 1992. However, state participation is
voluntary. And, the reliability of the statistics vary greatly among the states.
Further, national coverage is incomplete. For example, the last three biennial assessments for the United States covered an average of 28% of total
stream length, 44% of lake surface area, and 75% of estuarine shoreline
length in coastal waters. Yet, these incomplete reports form the basis for the
Environmental Protection Agency's determination of the nation's surface
water quality that then provides a foundation for policy decisions.
The Environmental Protection Agency, the US Congress, and private
organizations with environmental and natural resource interests have long
recognized the nation's inability to determine whether the frequency and
extent of environmental problems are increasing (or decreasing) on a regional scale (Messer et al. 1991). Congressional hearings on the National
Environmental Monitoring and Improvement Act in 1983 and 1984 concluded that federal agencies could assess neither the current status of ecological resources nor the progress toward legally-mandated goals, in spite of
the millions of dollars spent on monitoring each year (US House of Repre-

Production Agriculture versus the Environment

97

sentatives 1984). The Environmental Protection Agency's Office of Research and Development initiated work on the Environmental Monitoring
and Assessment Program in response to this assessment need. The design of
this program is based on a systematic grid of sampling points across the
United States, including the continental shelf waters. The points were established in a hierarchical design to permit changes in the intensity of sampling
related to programmatic needs (Stevens 1994). Probability samples from
each resource category are selected. The strong statistical foundation of the
Environmental Monitoring and Assessment Program permits assessment of
the status and the trends in the nation's natural resources. Although some of
the demonstration projects in the Environmental Monitoring and Assessment Program were conducted in the early 1990s at regional scales with the
goal of an eventual nationwide implementation, funding cuts in the mid1990s have made national implementation unlikely. Recent progress has
been made in incorporating the probability design of the Environmental
Monitoring and Assessment Program at the state level. This is an exciting
development that may eventually lead to higher quality reports.
In summary, the 305(b) reports suggest that the status of surface waters
is less than desired. However, the flaws in data collection, analysis, and
reporting prevent an accurate assessment of the current status or changes in
that status. The Environmental Monitoring and Assessment Program, which
does have a strong statistical foundation, has had only limited implementation. Therefore, our ability to quantify the status of surface waters on a state,
regional, or national level is severely limited.
Studies of ground water quality have a stronger statistical foundation.
In the National Survey of Pesticides in Drinking Water Wells (US Environmental Protection Agency 1990b), random sampling was used to select 564
community and 783 rural domestic drinking wells for study. The selected
wells represented different patterns of pesticide use and ground water vulnerability. Based on these samples collected in 1988 and 1989, an estimated
10% of the nation's community drinking water wells and about 4% of the
rural domestic wells had detectable residues of a least one pesticide. However, less than 1% of the wells had pesticide residues above the levels
considered protective of human health. About half of the nation's wells
contained nitrate, with about 1.2% of the community wells and 2.5% of the
rural wells above 10 mg/l nitrate, the maximum contaminant level established to protect human health. Although much of this nitrate undoubtedly
originated from nutrients applied in agriculture, state surveys in the early
and mid-1900s showed ambient levels of nitrate from 40 to more than 1,000
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mg/l, suggesting that at least in some instances high nitrate levels have
resulted from natural causes (Council for Agricultural Science and Technology 1992).
Some states have also conducted studies of ground water quality. For
example in 1990 Iowa, in the heart of the corn belt, conducted a study of 686
nonrandomly sampled wells (Iowa Department of Natural Resources 1990).
The mean nitrate measured as nitrogen concentration, was 6.2 mg/I, and
18.3% of the wells exceeded 10 mg/I nitrate. For wells of less than 50 feet
depth, 35.1 % exceeded the IOmg/llevel. For wells deeper than 50 feet, 12.8
% exceeded that concentration. Pesticides were found in 13.6% of the wells
overall, 17.9% of the wells less than 50 feet deep, and 11.9% of the wells
deeper than 50 feet.
The 1933 Agricultural Adjustment Act, mentioned earlier, set agricultural policy until the 1980s, even though Congress continually refined the
details (Tweeten 1989). In the 1930s, Congress debated the degree to which
government should be involved in supporting farm income. In the 1940s, the
discussion centered on whether flexible or fixed levels of supports were
better. In the 1950s, choices between continued control supports or a transition to a market orientation were debated. In the 1970s, Congress weighed
whether to phase out the commodity programs or to focus on farm structure.
In 1980, farmers relied on the government for only 5% of their net cash
income. The 1981 Agricultural and Food Act supported farm prices above
normal market levels. This policy created excess stocks and led to loss of
world markets. By 1986, farmers obtained half their income from Washington. Government expenditures on farm income support programs grew from
$3.8 billion in 1981, to $18.6 billion in 1983, and to $33.4 billion in 1987
(Council for Agricultural Science and Technology 1992).
Concern about growing expenditures and negative environmental reports prompted Congress to enact the 1985 Food Security Act. The new law
began incremental decreases in loan rates and target prices for various
commodities (Tweeten 1989). Farmers were encouraged to plant non-program crops and to reduce the acreage planted. The law established the
Conservation Reserve Program to compensate farmers for removing highly
erodible and other fragile lands from production for 10 years. In addition,
export promotion measures were used to alleviate the oversupply of grain
storehouses.
In 1996, the Federal Agriculture and Improvement Reform Act, also
called the "Freedom to Farm" Act, was enacted (Stuart and Runge 1996).
This Act provides for declining, market- transition payments to ease the
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shift of production agriculture to a more market-oriented basis. The government set-aside program was eliminated. The Conservation Reserve Program
was altered, specifically to target only the most environmentally fragile
lands. Some funding was provided to encourage new conservation efforts by
crop and livestock producers.
The concept of market-driven agriculture was severely tested in 1998
and 1999. Large yields and poor export demand caused market prices to
drop, dramatically reducing or eliminating grower profits for most farm
commodities. Some financial relief was provided by Congress; however,
there is concern that many farmers, especially the newer and smaller ones,
will not be able to survive. It remains to be seen whether these pressures will
lead to further changes in farm policy.
As with the population as a whole, today's farmers are more environmentally conscious than those of the past. After all, it is the farmer's drinking water that is most likely to become polluted first, if fertilizers or pesticides either leach through the soil or run off the fields. Further, economic
pressures and the possibility of increased regulations are resulting in evaluations of reduced chemical inputs (Stafford and Miller 1996).
At one extreme, the use of fertilizers and herbicides, and perhaps even
irrigation could be discontinued. Estimates of the impact of such action
depend upon models that cannot be fully validated, because fertilizers,
herbicides, and irrigation have not been removed. Thus, the estimates vary
widely. One estimate is that corn yield would be reduced by 41 % if fertilizer and herbicide use was stopped (Smith et al. 1990). Although other
estimates differ, most agree that shortages could occur and that prices would
increase.
Another alternative is adopting practices that maintain good yields
while protecting the environment. "Precision agriculture" is attracting great
interest from farmers (see, e.g., Robert et al. 1996). In this approach, a field
is intensively sampled, usually on a spatial grid. Based on the resulting soil
analysis at each sample point, a management program is developed, one that
involves applying the appropriate type and amount of fertilizer in variable
amounts throughout the field. An area in a field that is rich in nitrogen would
not receive any fertilizer, but another region with less nitrogen would.
Because grid sampling for soil nitrates annually may not be economically
feasible, alternatives such as yield maps and remote sensing images are also
being evaluated (e.g., Blackmer and White 1996; Blackmore and Marshall
1996; Schepers et al. 1996; Sudduth et al. 1996). In addition, prophylactic
herbicide usage is being reevaluated (Gerhards et al. 1996; Stafford and
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Miller 1996). One alternative would be to treat only a portion of the field,
based on the weed population the preceding year. In precision agriculture,
statisticians playa major role in establishing the sampling design and the
estimation methods.
Statistics has long been an important component in developing new
agricultural practices. The statistician R.A. Fisher was instrumental in developing specific statistical methods for the analysis of agricultural data
(Fisher 1926; Folks 1981). In 1919, Fisher was charged by Sir E. John
Russell, Director of the British Rothamsted Experiment Station at the time,
to study the station's records. His task was to assess their suitability for
statistical analysis and to determine whether more information could be
extracted from them. Fisher's work at Rothamsted eventually led to his
development of the principles of experimental design (Fisher 1926; Fisher
1935) and the analysis of variance (Fisher and Mackenzie 1923), techniques
that are widely used in many areas of science today. These statistical methods provide researchers tools for determining key results, such as which
variety of corn has the highest average yield, whether a till or a no-till
approach is better, how much nitrogen and other nutrients result in optimal
yield, and when and how much water can be used most effectively by the
plants.
Increasingly, research advances require a better understanding of the
subtle interactions among plants, animals, and the environment. To address
these issues, more sophisticated statistical approaches are often needed.
When insecticides were first produced, the general philosophy was to treat
a field if any insect, such as a European corn borer (Ostrinia nublialis
(HUbner)) or a corn rootworm (Diabrotica spp.), was observed. Costs and
expressions of resistance have led to a reevaluation of this approach. Integrated Pest Management was introduced as a more ecologically sound
approach to rectify the overuse and misuse of pesticides (see, e.g., Burn et
al. 1987; Dent, 1995). Pesticide use may be an important part of integrated
pest management, but pesticide applications are integrated where possible
with other biotic and abiotic factors to help regulate the population dynamics of the pest species below the economic threshold. Doing this requires a
thorough understanding of the underlying biological processes. Both deterministic and stochastic models have been used to help analyze and explain
these processes (see, e.g., Curry and Chen 1971; Duncan 1975; Baker and
Horrocks 1976; Childs et al. 1977; Stupper and Arkin 1980; Williams et al.
1984; Jones and Kiniry 1986). In developing such models, knowledge gaps
are often identified. Further studies are then conducted so that the models
can be made more realistic. Statistics is a fundamental component in the
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development of stochastic models as well as a major tool in gathering the
data in these auxiliary studies.
One outcome of integrated pest management is the identification of
economic thresholds (Higley and Pedigo 1996). An economic threshold is
the level above which the yield loss due to a pest species exceeds the cost of
control for that pest. This threshold may fluctuate with crop stage as the
crop matures. Statistical tools playa critical role in the accurate determination of economic thresholds. During the season, a field manager must be
able to determine whether a pest species, such as the European corn borer,
exceeds the economic threshold, indicating a need for pesticides. It is easy
to determine that a field with few insects has a low pest population, one that
is below the economic threshold; and, it is clear when a field has a lot of
insects that it has a high pest population, one that is above the economic
threshold and requires control. In both cases, the decision to treat the field
or not is easy to make. However, decisions for intermediate levels of infestation are not always so obvious. Sampling programs can be used to provide
a sound decision-making foundation in these cases. Those sampling programs based on statistics permit decisions to be made with a minimal
amount of error.
Thus, statistics has a primary role at the interface between agriculture
and the environment in both research and farm practice. The previous
examples have focused on the scale of the individual farm. However, statistics are also needed at the interface between agriculture and the environment
on the larger state, regional, and national scales. Surveys based on probability sampling permit unbiased estimates of the status of both farm production
and environmental conditions. The surveys designed by the National Agricultural Statistical Service have demonstrated their value to agriculture and
the American public. As noted, the quality of these surveys is due, in part, to
early calls for improved methods by the American Statistical Association.
For surface waters, the quality of environmental reports is still questionable.
Better sampling designs and analyses are currently available. Should we, as
scientists, attempt to impact the quality of today's environmental studies?
Each of us should, at the very least, consider this question.

Acknowledgments
This is Journal Paper no. 12631 of the Nebraska Agricultural Research
Division, University of Nebraska-Lincoln. Research was supported in part
by University of Nebraska Agricultural Experiment Station Project NEB23-001.

102

Great Plains Research Vol. 10 No.1, 2000

References
Aldrich, S.R, W.O. Scott, and RG. Hoeft. 1986. Modern Corn Production,
3rd ed. Champaign, IL: A & L Publications, Inc.
Allen, R. 1994. Forecasting crop acreages and yields in the face of and in
spite of floods. ASA Proceedings of the Section on Statistics and the
Environment: 187-91. Alexandria, VA: American Statistical Association.
Baker, C.H., and RD. Horrocks. 1996. CORNMOD, a dynamic simulation
of corn production. Agricultural Systems 1: 57-77.
Batie, S.S., and RG. Healy. 1980. American agriculture as a strategic resource: The past and the future. In The Future of American Agriculture as a Strategic Resource, ed. S.S. Batie and R.G. Healy, 1-40.
Washington, DC: The Conservation Foundation.
Blackmer, A.M., and S.E. White. 1996. Remote sensing to identify spatial
patterns in optimal rates of nitrogen fertilization. In Proceedings of
the Third International Conference on Precision Agriculture, ed. P.c.
Robert, R.H. Rust, and W.E. Larson, 33-41. Madison, WI: American
Society of Agronomy, Crop Science Society of America, and Soil
Science Society of America.
Blackmore, B.S., and c.J. Marshall. 1996. Yield mapping: Errors and Algorithms. In Proceedings of the Third International Conference on
Precision Agriculture, ed. P.C. Robert, RH. Rust, and W.E. Larson,
403-15. Madison, WI: American Society of Agronomy, Crop Science
Society of America, and Soil Science Society of America.
Burn, A.J., T.H. Coaker, P.c. Jepson, eds. 1987. Integrated Pest Management. London: Academic Press.
Carey, A.E. 1991. Agriculture, agricultural chemicals and water quality. In
Agriculture and the Environment: The 1991 Yearbook ofAgriculture,
ed. D.T. Smith, 78-85. Washington, DC: US Department of Agriculture.
Carson, R 1962. Silent Spring. Boston: Houghton Mifflin.
Childs, S.W., J.R Gilley, and W.E. Splinter. 1977. A simiplified model of
corn growth under moisture stress. Transactions of the American
Society of Agricultural Engineering 10: 858-65.
Cochrane, W.W. 1993. The Development of American Agriculture: A HistoricalAnalysis, 2nd Ed. Minneapolis: University of Minnesota Press.
Council for Agricultural Science and Technology. 1992. Water Quality:
Agriculture's Role. Task Force Report. No. 120.

Production Agriculture versus the Environment

103

Curry, RB., and L.H. Chen. 1971. Dynamic simulation of plant growth. Part
II. Transactions of the American Society ofAgricultural Engineering
4: 1170-74.
Craig, J.J. 1948. 2,4-D Weed Control. Eugene, OR: McKenzie Press.
Dent, D. 1995. Integrated Pest Management. London: Chapman & Hall.
Duncan, W.G. 1975. SIMAIZ: A model simulating growth and yield in corn.
In An Application of System Methods to Crop Production, ed. D.N.
Baker, P.G. Creech, and EG. Maxwell, 32-48. Mississippi State, MS:
Mississippi Agricultural and Forestry Experiment Station, Mississippi State University.
Fecso, R, R.D. Tortora, and EA. Vogel. 1986. Sampling frames for agriculture in the United States. Journal of Official Statistics 2:279-92.
Fisher, RA. 1926. The arrangements of field experiments. Journal of the
Ministry of Agriculture (England) 33: 503-13.
Fisher, RA. 1935. The Design ofExperiments. Edinburgh: Oliver and Boyd.
Fisher, R.A., and W.A. Mackenzie. 1923. Studies in crop variation, II. The
manurial response of different potato varieties. Journal of Agricultural Science 13: 311-20.
Fitzgerald, D.K. 1990. The Business of Breeding: Hybrid Corn in Illinois,
1890-1940. Ithaca: Cornell University Press.
Folks, J.L. 1981. Ideas of Statistics. New York: Wiley.
Food and Agricultural Council of the United Nations. 1999. Agricultural
Statistical Databases. Web Site: www.fao.org.
Frederick, K.D. 1980. Irrigation and the future of American agriculture. In
The Future ofAmerican Agriculture as a Strategic Resource, ed. S.S.
Batie and R.G. Healy, 157-90. Washington, DC: The Conservation
Foundation.
Gerhards, R., D.Y. Wyse-Pester, and D.A. Mortensen. 1996. Spatial stability
of weed patches in agricultural fields. In Proceedings of the Third
International Conference on Precision Agriculture, ed. P.e. Robert,
RH. Rust, and W.E. Larson, 495-504. Madison, WI: American Society of Agronomy, Crop Science Society of America, and Soil Science
Society of America.
Giles, D. 1940. Singing Valleys: The Story of Corn. New York: Random house.
Hardeman, N.P. 1981. Shucks, Shocks and Hominy Blocks: Corn as a Way of
Life in Pioneer America. Baton Rouge: Louisiana State University
Press.
Higley, L.G., and L.P. Pedigo, ed. 1996. Economic thresholds for Integrated
Pest Management. Lincoln: University of Nebraska Press.

104

Great Plains Research Vol. 10 No.1, 2000

Iowa Department of Natural Resources. 1990. Iowa Statewide Rural Well
Water Survey. SWR LH2. The University of Iowa. Des Moines: Iowa
Department of Natural Resources.
Jones, e.A., and J.R. Kiniry. 1986. CERES-Maise: A Simulation Model of
Maize Growth and Development. College Station, TX: Texas A&M
Unversity Press.
Jugenheimer, R. W. 1985. Corn Improvement, Seed Production, and Uses.
Malabar, FL: Robert E. Krieger Publishing Company.
Kellogg, R.L., M.S. Maizel, and D.W. Goss. 1992. Agricultural Chemical
Use and Ground Water Quality: Where Are the Potential Problem
Areas? Washington, DC: US Department of Agriculture.
Messer, J.J., R.A. Linthurst, and W.S.Overton. 1991. An EPA program for
monitoring ecological status and trends. Environmental Monitoring
and Assessment 17: 67-78.
Metcalf, RL. 1986. The ecology of insecticides and the chemical control of
insects. In Ecological Theory and Integrated Pest Management Practice, ed. M. Kogan, 251-97. New York: Wiley.
Nelson, L.B. 1990. History of the U.S. Fertilizer Industry. Muscle Shoals,
AL: Tennessee Valley Authority.
Olsen, A.R, J. Sedransk, D. Edwards, C.A. Gotway, W. Liggett, S. Rathbun,
K.H. Reckhow, and L.J. Young. 1999. A comparative overview of
natural resource monitoring in the United States. Environmental
Monitoring and Assessment 54: 1-45.
Robert, P.C., RH. Rust, and W.E. Larson, eds. 1996. Proceedings of the
Third International Conference on Precision Agriculture. Madison,
WI: American Society of Agronomy, Crop Science Society of
America, and Soil Science Society of America.
Sanford, A.H. 1916. The Story ofAgriculture in the United States. Boston:
D. C. Heath and Co.
Schepers, J.S., T.M. Blackmer, T. Shah, and N. Christensen. 1996. Remote
sensing tools for site-specific management. In Proceedings of the
Third International Conference on Precision Agriculture, ed. P.e.
Robert, R.H. Rust, and W.E. Larson, 315-19. Madison, WI: American
Society of Agronomy, Crop Science Society of America, and Soil
Science Society of America.
Smith, E.G., RD. Knutson, e.R. Taylor, and J.B. Penson. 1990. Impacts of
Chemical Use Reduction on Crop Yields and Costs. College Station,
TX: Agricultural and Food Policy Center, Department of Agricultural
Economics, Texas A & M University.

Production Agriculture versus the Environment

105

Soule, J.D., and J.K. Piper. 1992. Farming in Nature's Image: An Ecological
Approach to Agriculture. Washington, DC: Island Press.
Stafford, J.Y., and P.C.H. Miller. 1996. Spatial variable treatment of weed
patches. In Proceedings of the Third International Conference on
Precision Agriculture, ed. P.C. Robert, RH. Rust, and W.E. Larson,
465-74. Madison, WI: American Society of Agronomy, Crop Science
Society of America, and Soil Science Society of America.
Stevens, D.L. 1994. Implementation of a national monitoring program.
Journal of Environmental Management 42: 1-29.
Stuart, K., and C.F. Runge. 1966. Agricultural Policy Reform in the United
States: An Unfinished Agenda. Working Paper WP96-3. Minneapolis:
Center for International Food and Agricultural Policy, University of
Minnesota.
Stupper, M., and G.F. Arkin. 1980. CORNF.· A Dynamic Growth and Devel-.
opment Model for Maize (Zea mays L.). Temple TX: Texas Agricultural Experiment Station, Blackland Research Center.
Sudduth, K.A., S.T. Drummond, S.J. Birrell, and N.R Kitchan. 1996. Analysis of spatial factors influencing crop yields. In Proceedings of the
Third International Conference on Precision Agriculture, ed. P.c.
Robert, R.H. Rust, and W.E. Larson, 129-39. Madison, WI: American
Society of Agronomy, Crop Science Society of America, and Soil
Science Society of America.
Swader, F. 1980. Soil productivity and the future of American agriculture. In
The Future ofAmerican Agriculture as a Strategic Resource, ed. S.S.
Batie and RG. Healy, 79-115. Washington, DC: The Conservation
Foundation.
Tweeten, L. 1970. Foundations of Farm Policy. Lincoln: University of Nebraska Press.
Tweeten, L. 1989. Farm Policy Analysis. Boulder: Westview Press.
US Department of Agriculture. 1952. Agricultural Statistics 1952. Washington, DC: Government Printing Office.
US Department of Agriculture. 1962. Agricultural Statistics 1962. Washington, DC: Government Printing Office.
US Department of Agriculture. 1973. Agricultural Statistics 1973. Washington, DC: Government Printing Office.
US Department of Agriculture. 1987. Agricultural Statistics 1987. Washington, DC: Government Printing Office.
US Department of Agriculture. 1996. Agricultural Statistics 1995-96. Agricultural Statistics Service. Lanham, MD: Beman.

106

Great Plains Research Vol. 10 No. 1,2000

US Department of Agriculture. 1997. Agricultural Statistics 1997. Agricultural Statistics Service. Washington, DC: Government Printing Office.
US Environmental Protection Agency. 1986. National Water Quality Inventory, 1986 Report to Congress. EPA-440/4-87-008. Office of Water.
Washington, DC: Environmental Protection Agency.
US Environmental Protection Agency. 1989. Health Advisory Summaries.
Office of Drinking Water. Washington, DC: Environmental Protection Agency.
US Environmental Protection Agency. 1990. Drinking Water Regulations
and Health Advisories. Office of Drinking Water. Washington, DC:
Environmental Protection Agency.
US Environmental Protection Agency. 1990b. National Survey ofPesticides
in Drinking Water Wells. EPA-570/9-9-015. Washington, DC: Environmental Protection Agency.
US House of Representatives. 1984. Environmental Monitoring and Improvement Act: Hearings Before the Subcommittee on natural Resources, Agricultural, Research, and the Environment ofthe Committee on Science and Technology, March 28, 1984. Washington, DC:
Government Printing Office.
Walden, H.T. 2nd. 1966. Native Inheritance: The Story of Corn in America.
New York: Harper & Row.
Williams, J.R., C.A. Jones, and P.T. Dyke. 1984. A modeling approach to
determining the relationship between erosion and soil productivity.
Transactions ofthe American Society ofAgricultural Engineering 27:
129-44.
World Almanac. 1998. The WorldAlmanacandBookofFacts 1994. Mahwah,
NJ: World Almanac.
Young, L.J., and J.H. Young. 1994. Statistics with agricultural pests and
environmental impacts. In Handbook of Statistics, Volume 12: Environmental Statistics, ed. G.P. Patil and C.R. Rao, 735-70. Amsterdam:
Elsevier Science B.Y.

