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CHALLENGES FOR IDENTIFYING BEST MANAGEMENT PRACTICES –

INTEGRATING EMERGING MODERN TECHNOLOGIES AND PHILOSOPHIES

R E Sojka and D R Upchurch
Soil Scientists, USDA-Agricultural Research Service; Northwest Irrigation and Soils

Research Laboratory, Kimberly, ID & Cropping Systems Research Laboratory, Lubbock, TX

Abstract
Best management practice. This term is charged with meaning and assumptions. The values
affecting the term and its definition are not universal for all farmers, environmental stewards,
resource industries, agricultural industries, government bureaus, politicians and the public. How
we develop the philosophy governing assessment and adoption of management practices will
significantly impact the environment, the public at large and the agricultural community. We
submit that natural resources management in general, and particularly management of soil
resources must balance three primary considerations—productivity, environmental impact, and
sustainability. A given management practice or criterion may not prove beneficial for all three
considerations. To obtain the results desired, we must choose and prioritize goals for soil
management with as much care as we choose specific practices. The tendency is to adopt a
paradigm and do only research confirming the positive aspects of the paradigm. It is important
to objectively recognize and weight both the positive and negative contributions of all
management alternatives and goals for each of the primary considerations. We explore several
traditional and two emerging environmental and agricultural management technologies and

philosophies and consider their positive and negative implications for land management at the
dawn of the new millennium.

Introduction
Soil science is changing. Of necessity, it is daily becoming more attentive to environmental
issues while continuing to carry its entire traditional responsibility of providing new
economically sound technologies to raise agricultural productivity. The demands of the evolving
global marketplace and increasing complexity of modern science and technology have made each
new advancement of even its more narrow traditional role an escalating challenge. The easy
problems and discoveries, if there ever were any truly easy ones, given their historical contexts,
are behind us. Future technical advances will require greater and greater amounts of energy,
work, investment and inspiration. This is not to discount the possibilities for leaps of progress
through serendipity and paradigm-altering breakthroughs, but these are not eventualities that we
can count on or schedule to meet our needs.

To attain society's goals for a well fed and clothed humanity in a hearty undamaged environment,
employing sustainable production practices and strategies, will require a considerable
commitment of money and spirit. In addition it will require complete objectivity about our goals,
our available resources, the limits of our existing technologies, and the likely limits of our best
potential future technologies.

These needs suggest yet another dimension of problem definition. Words like commitment,
objectivity, goals, spirit, and paradigm are terms that arise largely from philosophical, economic
or even political framewOrks. In this context, even "objectivity" doesn't carry the solid
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connotation of precise scientific exactitude. Objectivity in this context implies diverse
possibilities of interpretation that may not be entirely resolved by cold analytical evaluation of
data. The natural resource sciences have caught up with medicine, genetics, etc. in the extent to
which its research priorities and directions are determined within a context of values and desired
social outcomes.

Because the cost of each incremental advancement of science continues to become larger and
larger, there are more and more choices that have to be made regarding the allocation and
prioritization of resources to fund science. This is especially true in the natural resource sciences.
Increasingly, project definition and funding opportunities are shaped in the context of prevailing

social and scientific philosophies, rather than by the inventiveness or persuasiveness of scientists
or by the unfettered lure of basic discovery. Science funding has largely moved away from the
concept of investment in knowledge for potential future uses to the concept of direct payment for
solution of immediate problems.

In natural resource sciences and management, our programs and research are governed by three
primary considerations: productivity, environmental stewardship, and sustainability. It has not
always been so. Environmental and sustainability considerations have only received extensive
and intensive attention in recent decades. Productivity includes economic and "survival"
considerations ("survival" referring to the requirement of producing output sufficient to meet
human needs globally). Environmental stewardship largely implies awareness and limitation of
off-site and off-target impacts of management practices and technologies. Sustainability refers
largely to on-site environmental impacts and to resource utilization strategies to guarantee
continued productivity.

Arguably, the consideration of greatest familiarity and consensus for most soil scientists is
productivity. The overwhelming focus on this consideration in the twentieth century has been
highly successful if evaluated in terms of food and fiber availability and cost throughout most
of the world, as well as positive impacts on human nutrition and life spans (Waggoner, 1994;
Avery, 1997a,b; Tribe, 1994). By their estimates 25-30 million square kilometers (equal to the
continental area of North America or Africa) have been spared from agricultural development
since 1960 by the advances in high technology, high efficiency, high output farming.

That productivity, as a primary focus, has had shortcomings, is borne out by the rise in the
consideration of environmental and sustainability concerns, and to a lesser degree by reshaping
of the definition of productivity to de-emphasize yield per se and accentuate economic and
sustainable yield. The rise in environmental considerations can be attributed partly to the
environmental problems caused by the extent of agriculture necessary to meet human needs,
including both subsistence-scale and large-scale production farming. Improved analytical
methods and monitoring capabilities have made it possible both to assess pollution in the
environment and to link specific levels of exposure to health and hygiene problems. However,
it could also be argued that there has been a failure of the scientific community to communicate
to the public and decision makers the difference between detectability of pollutants and the
criticality of threshold exposures. Furthermore, the agricultural sector has largely failed to
adequately inform and convince the public and decision makers of the extent to which high-yield
high-efficiency agriculture preserves the environment by limiting agriculture's land area
requirements and concomitant extent of negative impacts. Real progress in terms of natural
resource conservation, agricultural productivity, environmental stewardship, and sustainable land



management will require research and decision making that objectively balance all of these
considerations.

Managing for high productivity neither automatically benefits nor impairs environmental and
sustainability considerations. Neither does simple concern for environmental and sustainable
aspects, or abandoning of high technology, high input, high yield farming automatically
guarantee positive environmental and sustainable impacts. Few comprehensive analyses of all
aspects of soil management have fully weighed all positives and all negatives of all aspects of
management for all three considerations. The tendency is to adopt a paradigm and do only
research confirming the positive aspects of the paradigm adopted.

In the pages that follow, we present examples of soil management concepts that can have
conflicting interpretations based on one or more of the- three considerations we have drawn
attention to: productivity, environmental impact, sustainability. Our presentation, in the context
of a short paper, cannot be regarded as comprehensive. It would take a sizeable volume to
consider this topic in adequate depth. Furthermore, we attempt to provide this discussion without
weighting it with any interpretation or value assignment of our own. Hopefully these examples
will provide a stimulating embarkation point for assessing how we assign values and priorities
in setting direction and goals for soil management through formulation of best management
practices.

SOIL ORGANIC MATTER (SOM)
Soil organic matter has been shown to provide a multitude of benefits for plant growth. Effects
are physical and chemical and both direct and indirect. Its preservation and increase has been
a soil management priority of most farming systems, and that rationale is well supported as a
productivity consideration, particularly for temperate rainfed agricultural systems. As for most
concepts, however, questions that are not asked are seldom addressed. Not surprisingly, there
has been little consideration of possible ill consequences of increased SOM in the range of
modern farming systems that occur across diverse global settings. This may also be because the
heyday of SOM research preceded the more recent focus on environmental issues in agricultural
research some twenty years.

Soil organic matter can have negative environmental impacts and crop production impacts. The
application requirements of many soil-incorporated pesticides needed to provide pest control
increases as SOM content increases (Stevenson, 1972; Ross and Lembi, 1985; Anonymous,
1997; Gaston et al., 1997). As SOM increases from about the 1-3% range to the 3-5% range, the
required application rates of soil incorporated pesticide needed for pest control efficacy,
commonly rise 20-100%. Clancy (1986) and Hallberg (1987) noted that increased use of
synthetic insecticides, fungicides and herbicides increases the probability of human exposure to
toxic hazards. This includes risks from manufacture, transport, handling, application,
environmental loading, and human exposure via contact in or uptake from the environment.
Economic analysis of crop production benefits of SOM, seldom considers the negative
environmental quality and human health aspects of the higher pesticide use associated with
elevated SOM content.

Among the physical properties directly affected by SOM are its improvement of aggregation and
aggregate stability and their contribution to macropore formation. These soil properties are
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highly beneficial to plant growth, crop production, and micro-ecology through improvement of
aeration, root penetration and water infiltration. Macropore formation, however, is the soil
property responsible for bypass flow, which allows rapid transmittal of surface-applied
contaminants to groundwater (Barriuso et al., 1992; Hassett and Anderson, 1982; Muszkat et al.,
1993; Vinten et al., 1983; Flury, 1986; Ghodrati and Jury, 1992; Grochulska and Kladivko, 1994;
Shuford et al., 1977, Simpson and Cunnigham, 1982).

Soil organic matter can complex with various soil-applied chemicals. These complexes often
result in increased solubility and mobility. Formation of complexes between dissolved SOM and
napropamide facilitated the rapid transport of napropamide through a soil column (Nelson et al.,
1998). Complexing with soil humic fractions accelerated atrazine transport through soil (Graber
et al., 1995; Hayes 1970; Senesi, 1992; Sposito, et al., 1996). Greater DDT and PCB solubility
was believed due to complexing with soluble SOM (Chiou et al., 1987). Similar complexing and
increased transport was seen in tests involving six herbicides by Mudhun et al. (1986). Organic
matter and manure additions have also been associated with increased solubility and movement
of phosphorus through soil (Meek et al., 1974, 1979, 1982; Robinson and Sharpley, 1995;
Sharpley and Smith, 1995), resulting in phosphorus loss to and contamination of groundwater,
or surface waters fed by runoff or springs (Beauchemin et al., 1998; Heckrath et al., 1995; Stamm
et al., 1998).

The dark color of SOM lowers soil albedo and results in higher seasonal soil temperatures. In
temperate regions this accelerates seed germination, seedling emergence and early crop growth.
However, higher soil temperature at midseason can decrease yield and quality of various field
and vegetable crops. This is especially true for desert irrigated production or in tropical
agriculture.

Colonization and performance of vesicular arbuscular mycorrhiza have been increased by
addition of manure or green manure on low organic matter soils, but suppressed by additions to
soils with moderate to high organic matter levels (Ellis et al., 1992; Baltruschat and Delme, 1988;
Harinikumar and Bagyaraj, 1989; Brechelt, 1987, 1989; Lambert and Weidensaul, 1991).

EARTHWORMS
Earthworms provide many benefits, as does organic matter, in many soils for crop production,
contributing directly to organic matter processing, aggregate formation, macropore formation and
nutrient transformations and cycling that are useful to plant nutrition and crop growth.
Earthworms, however, also produce negative consequences, most of which are seldom
recognized or economically assessed in development of soil management strategies. The
macroporosity that results from earthworm contributions to aggregate formation and from their
burrows contributes to bypass flow and rapid deep transfer of surface-applied chemicals (Cohen,
1997; Edwards et al., 1989, 1992, 1993; Ehlers, 1975; Hall, et al., 1989, 1991; Isensee et al.,
1990; Tyler and Thomas, 1977; Shipitalo et al., 1994; Steenhuis et al., 1990; Trojan and Linden,
1992; Zachmann et al., 1987; Zachmann and Linden, 1989). In minted agriculture the increased
macroporosity generated by earthworms is generally regarded as beneficially increasing
infiltration, thereby helping reduce runoff, and in turn erosion. In furrow irrigated agriculture,
however, earthworms are often regarded as problems. They cause a phenomena that many U.S.
irrigators refer to as "backing up," which is an abrupt increase in furrow infiltration rate causing
the water stream to become insufficient to run the length of the furrow, with the leading edge of



the water stream retreating or "backing up" the furrow as the infiltration rate increases. The
infiltration increase has been linked to earthworms burrowing to the soil surface to escape
suffocation in their flooded burrows (Kemper et al., 1987; Trout et al., 1987; Trout and Johnson,
1989). Field-wide nonuniformity of water application results, severely impacting fertility,
leaching, and crop water stress.

The solubility of key plant nutrients increases when earthworms digest organic-matter-rich soil.
This is largely regarded as beneficial to plant growth and crop productivity. -It can, however, also
contribute to runoff water quality degradation (Sharpley and Syers, 1976; 1977; Broussard et al.,
1995). Earthworms also promote and accelerate soil nitrogen mineralization (Parkin and Berry,
1994; Blair et al., 1996; Willems et al., 1996). These activities combined with their contribution
to soil macropore formation, create negative impacts on groundwater nitrate management, which
is further underscored by the common need to use nitrification inhibitors to control mineral
availability and limit nitrate leaching to groundwater. Unfortunately, earthworm populations are
higher on more fertile, higher organic matter content soils, further exacerbating their negative
environmental impacts related to nutrient solubilization.

Earthworms have been shown to be vectors of soil-borne plant diseases (Edwards and Lofty,
1977; Hampson and Coombes, 1989; Hoffman and. Purdy, 1964; Khambata and Bhat, 1957;
Thornton, 1970; Toyota and Kimura, 1994; Marialigati, 1979; Hutchinson and Kamel, 1956).
At short range, the vectoring is direct via ingestion in and through the gut with transport and

deposition of organisms above and below ground. At long range, the transport of pathogens is
indirect, via birds dropping earthworms and earthworm fragments in flight..

Negative soil property effects have been documented as a result of earthworm activity, depending
on species and geographic adaptation. These include increased bulk density and reduced porosity
(Alegre et al., 1996; Gilot, 1994; Rose and Wood, 1980). Shrader and Zhang'(1997) measured
reduction of water-stable aggregation in earthworm casts compared to non-digested aggregates.
Pashanasi et al., (1996) found that water retention and sorptivity were reduced by earthworm
activity, resulting in impaired soil-plant water relations, increased crop water stress and a 43%
reduction in rice yield.

SOIL STRUCTURE
Enhanced aggregation and reduced bulk density and penetration resistance are generally regarded
as positive soil attributes. However, again, they must be evaluated in terms of specific processes
and contexts. These properties contribute to improved infiltration and aeration and are generally
associated with enhanced plant root growth, yield, and quality of numerous crop species (Sojka
et al., 1990, 1993a,b, 1997). Again, however, negative consequences of these same soil
properties can be demonstrated. We have already alluded to the role of aggregation in macropore
formation and bypass flow. Low seed bed bulk density can impair seed germination and stand
establishment if pore space distribution is unfavorable for unsaturated water movement tO seeds
foror imbibition, and can limit diffusion and capillary transport of nutrients to roots (Trouse et. al.,
1971). Compaction can be managed to resist wind and water erosion under certain circumstances
(Larson, 1962; Lyles and Woodruff, 1962). Firm soil also helps reduce wheel slippage and
increase traction, lowering horsepower and weight requirements for tillage and other field
operations (Gill, 1971), which together conserve fuel and reduce air pollution and carbon dioxide
enrichment. Because compaCtion reduces macropores, it also has been shown to limit bypass
flow (Starett et aL, 1996).
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SOIL MICROBIAL ACTIVITY
High microbial biomass and activity are generally regarded as desirable soil properties frequently
associated with positive plant response and crop productivity (Kennedy and Papendick 1995;
Kennedy and Smith, 1995; Turco et al., 1994; Yakovchenko et al., 1996). Many of the same
physical and chemical properties of soil that favor higher plant response favor microbial growth
and function. And many of those functions involve nutrient transformations and cycling
activities that benefit crop productivity. Again, however, microorganisms can also result in
negative impacts on productivity and environmental considerations. If specific microorganisms
are pathogenic or otherwise deleterious to the crop, their contribution to community biomass and
function are negative. Examples follow.

Movement of DDT through sand was found to increase eight fold when the sand contained
bacteria (Lindqvist and Enfield, 1992). In wet or flooded soils, especially following fresh
organic matter incorporation, or when accompanied by high soil temperature, formation of
oxygen-restricting surface seals, or compaction, microorganisms compete significantly with plant
roots for the dwindling supply of available soil oxygen, accelerating the onset. of hypoxia or
anoxia. As redox potentials drop, toxic metabolic byproducts or toxic inorganic products of soil
chemical reduction result from the direct action of facultative and obligate anaerobes and from
their indirect contributions to the drop in soil oxygen diffusion rate (ODR) and redox potential,
impairing performance or survivability of most arable crops (Kozlowski, 1984; Glinski and
Stepniewski, 1985).

It has been suggested that practices that promote a high soil respiration rate are indicative of good
management and environmentally beneficial. Soil respiration is strongly microbially mediated.
It is also highly variable, because of the sensitivity of the respiring soil biomass to a wide array

of influences. Large respiration rate changes can occur in very short time periods. Influencing
factors include soil tillage or other sources of disturbance, season, substrate introduction or
removal (root senescence or foliage clipping effects on root exudation), temperature and soil
water fluctuation, radiation shifts, fumigation, and application of certain xenobiotics, heavy
metals, or various agrichemicals (Bremer et al., 1998; Grahammer, et al., 1991; Lloyd and
Taylor, 1994; Fitter et al., 1998; Garcia and Rice, 1994). Alfalfa harvest has been linked in Ohio
to increased nitrates appearing in tile drains, which was thought caused by the reduction in plant
photosynthate supply to roots, leading to sloughing of nodules and their release of nitrates. Soil
respiration regimes can also shift radically between rotation crops, e.g. in the case of soybean and
rice rotations in the Southern US., or immediately before and after primary tillage operations, or
shifts in weather (Alvarez et al., 1995a,b; Reicosky et al., 1993).

If we evaluate management practices in terms of their ability to sustain high rates of soil
respiration, then we must recognize that we are also risking loss of SOM. Respiration is the
oxidation of organic sources of carbon to liberate carbon dioxide gas. Thus, elevating soil
respiration contradicts two widely accepted environmental and sustainability goals, the
maintenance and/or increase of soil organic carbon, and the resulting sequestration of carbon
from the atmosphere. Here all three primary considerations of soil management (productivity,
environmental impact, and sustainability) pull in opposing directions.



SALINITY AND IRRIGATION INTERACTIONS
Irrigation farmers are forced to reconcile many seemingly contradictory soil management
principles. Worldwide, high SOM and low salinity, for examples have as much potential for
harm in irrigated land management as they do for good and vice versa; moderately saline, low
organic matter content irrigated soils are routinely managed for high productivity (Sojka, 1996,
1998; Bucks et al., 1990). Specificly, Natrustolls or other soils with natric horizons (Solonetzic
soils) compromise a range of soils with low salinity and high organic matter, but which are nearly
incapable of supporting higher plant life. This is because the organic matter and clays are
dispersed by the high ratio of sodium on the exchange complex of the soil and in the soil water.
This dispersion destroys structure, sealing pores and limiting drainage and restricting air entry.
The opposite extreme explains how arid zone soils can be managed at their high levels of
productivity. Most arid-zone soils have low SOM contents, low earthworm populations,
considerable salinity and, on average, produce twice the yield and three times the area-based crop
value of rainfed agriculture (Kendall and Pimentel 1994; Bucks et al. 1990). The seeming
contradiction is possible because of the principles of water management specific to arid zone
irrigation. Aggregate stability, porosity, hydraulic conductivity and aeration of low organic
matter irrigated soils are impaired by distilled water or sodium (which expand the charged double
layer in surface active water, causing particle dispersion) but are improved if irrigation water
delivers an adequate balance of divalent cations (eg. calcium salts, which collapse the double
layer and promote particle attraction) and allows for leaching (Rhoades, 1972, 1998). Thus,
given these soil management considerations and the range of crop salt-sensitivity, soil salinity
alone is an unreliable indicator of soil productivity. Soil managers must know the crop to be
grown, the nature of the soil salinity (exchangeable sodium percentage—ESP, boron content, etc.)
and the nature (sodium adsorption ratio--SAR and electrical conductivity--EC), amount, timing
and evaporation path (positional salt deposition on irrigated beds) of irrigation water, as well as
the achievable leaching fraction (Rhoades, 1972, 1998).

Managing for SOM content as a high priority in hot arid zone irrigated soils does not seem
practical for desert soils. Meek et al. (1982) showed that Holtville sc (Typic Torrifluvents) in
Brawley, California, retained only a mean of 0.6% increase in soil organic matter over the
unamended 1.0% OM control, five years after a three-year accumulated application of 360 to 540
t/ha manure. While some soil and crop properties benefitted, the logistics and cost of such high
application rates are unacceptable, as is the potential for introducing salt imbalances from the
manuring. Furthermore, the rapid rate of SOM oxidation prevents long term benefit under these
conditions. Thus under these circumstances the management considerations for productivity,
environmental impact, and sustainability could conceivably all be negatively impacted, given
transport and fuel consumption and costs and air pollution impacts.

POLLUTION VS. FILTRATION
Sims et al. (1997) proposed a non-polluted criteria for assessment of the soil sustainability
consideration that they referred to as the clean state of soil. However, for other than a discrete
list of xenobiotic substances, "pure soil" is difficult to define. Naturally occurring toxins and
heavy metals are common at detectable levels in soils and parent materials, and in managed soils,
both naturally occurring and anthropogenic toxic substances often accumulate.

One of many legitimate uses and natural roles of soil in global ecology is its function as a filter.
Soils can sequester large amounts of pollutants before threatening biological organisms or the
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healthiness of food (Cook and Hendershot, 1996). Soil managed as a filter media requires sink
capacity for toxins, i.e., the ability to be unclean. In other words sustainability of soil as a filter
media means the ability to maintain sink capacity and be polluted without causing off-site
environmental impacts. Some of these reasoning difficulties also carry over to agricultural
settings. Making a soil unclean by adding toxic herbicides and pesticides improves soil
productivity by suppressing target organisms while raising "pollutant" concentrations. However,
if the pollutants are quick to degrade and have no lasting harmful effects then we should be
cautious about inconsistency in too easily applying a pollution rationale as a basis for limiting
their use.

NEW TECHNOLOGIES
Many new technologies have become available to soil management in recent years. They vary
in cost and complexity and some carry the potential to change the analysis and prioritization of
decisions affecting many aspects of management. We present two familiar examples to indicate
the way in which many comfortable assumptions about soil management considerations may
need to be rethought.

The ARS laboratory in Kimberly, Idaho has had great success since 1991 placing small amounts
of polyacrylamide (PAM), a synthetic organic polymer, in irrigation water to halt erosion and
increase infiltration compared to untreated water (Lentz et al., 1992, 1998; Lentz and Sojka,
1994; Sojka et al., 1998a,b). PAM is a water soluble commercial flocculent and soil structural
stabilizer. Space does not allow full explanation of the technology in this paper (see the above
citations for details), but suffice it to say that several aspects of the new technology challenge
long held comfortable paradigms. To begin with, using PAM in this way amounts to placing
a chemical in water in order to clean it up. We have often had to expend considerable effort to
overcome the uneasiness of environmental regulators with this fact. Next we have told irrigators
that to take best advantage of the technology to improve field irrigation uniformity they should
double or even triple their furrow inflow rates to shorten stream advance times across fields
(reduce infiltration opportunity time differences). This is possible because treated water is nearly
non-erosive, yet several important aspects of furrow irrigated field design and water management
have evolved from flow management considerations to prevent erosion. Also, recent analysis
has shown that adding a few kilograms per hectare annually to fields in this manner can improve
surface aggregate stability more dramatically than is often seen with addition of tons of manure
or compost or from substantially raising SOM content on Portneuf soils. This should shift the
focus of manure and compost application for many furrow irrigators from consideration of
physical benefits to better understanding the impacts of manure or compost on nutrient cycling.
On the other hand, recent findings have shown that PAM also greatly reduces the transfer of

microorganisms in irrigation return flows, carrying the potential to eliminate or at least greatly
reduce a major public health concern about use of animal waste on surface irrigated fields
contributing return flows to public waters.

Wind induced soil erosion has multiple impacts on crop productivity, environmental stewardship,
and long-term sustainability of agricultural productivity. Erosion by wind tends to remove the
finest soil particles, primarily clay sized, which are the source of most of the cation exchange
capacity. As these particles are removed, the ability of the affected soil to retain soil nutrients
is reduced, as is the water holding capacity of the near surface soil. Movement of the soil near
the soil surface abrades plants, reducing vigor and increasing susceptibility to pathogens. Small



particles entrained in the air are transported over large distances, inducing offsite effects,
including damaging equipment, contaminating surface water, and imperiling human and animal
health. Recent research has been conducted in Lubbock, Texas, to quantify the capacity of soils
to produce dust in the PM 10 size-range (aerodynamic diameter less than 10 microns), as an
indicator of the susceptibility of the soil to erosion by wind and its contribution to suspended
particulates (Zobeck and Gill, 1999). Clearly a low potential for emitting PM10 sized particles
would be a positive characteristic of a soil in a susceptible region. However, frequently the
reduced dust potential is associated with increased sand sized particles and crops grown on these
soils are exposed to increased risk to abrasion by saltating sand grains. In contrast, a soil
determined to have a high potential for producing PM10 dust may also be erodible and removed
from production. However, soils with the highest potential to emit fine dust often have the
highest potential crop productivity. Fine particles provide a reservoir to hold plant nutrients and
are the primary mechanism for increasing aggregation of the soil. In addition, soil aggregation
is a major factor in reducing the susceptibility of soil to erosion by wind, particularly when there
is insufficient crop residue. The very characteristic that indicates an environmental risk—fine
particles--enhances the nutrient and water holding capacity, thereby providing increased
productivity.

CONCLUSIONS
By one estimate, global agricultural production must rise over 2% per year between now and
2025 to meet the needs of rising global population (Waggoner, 1994). This assumes we wish to
preserve natural lands and provide our needs mainly from existing farmlands. Paarlberg (1994)
estimated that more food will have to be grown by the human race in the first generation of the
new millennium than was grown in the preceding 10,000 years of fanning. Crosson (1997) who
analyzed global soil productivity loss concluded that accumulated productivity losses to date
have actually been quite limited and that our needs for the future should continue to focus not
merely on conservation and sustainability but especially on continuing to develop new
technologies aimed at increasing agricultural productivity and yields.

Designating best management practices for agriculture is an activity that will have to include a
conscious assessment of all three principle natural resource considerations: productivity,
environmental impact and sustainability. Even with great clarity of reasoning and oracular
ability to perceive society's future needs, the weighting of these considerations in suggesting best
management practices is a difficult task.

It is particularly important that designation of best management practices do not overly credit
positive attributes or fail to credit negative attributes to systems components. This is particularly
important because so many of our perceptions of the contribution (positive or negative) of various
soil attributes have been formulated primarily from an edaphological perspective but are now
being used in new environmental and sustainability contexts for which not all system effects have
been considered or accurately weighted.

As scientists, we should recognize that many of the principles that we think we know about
natural resource management (especially soil management) have originated from a long history
of focusing almost exclusively on productivity. Benefits of practices and specific soil properties
learned from productivity considerations may not transfer directly to the additional considerations
of environmental impact or sustainability if a full list of positives and negatives is considered for
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each specific attribute. Conversely, elements of modern high efficiency agriculture should not
be dismissed out of hand as environmentally unsound or be considered to contribute only negative
environmental impacts, when indeed, the increases of productivity have substantial environmental
benefit, because of the freedom to limit the extent of agriculture necessary to support human
needs.

Given management practices and criteria may not prove beneficial for all three primary
considerations of soil management at all times or under all circumstances. We must choose goals
for soil management with as much care as we choose specific practices to obtain desired results.
Choosing these goals ultimately depends on the societal values prioritized and the rewards and
disincentives used to encourage and reinforce the attainment of the goals, or that affect
agricultural systems indirectly through marketplace or logistical influences. Regardless of the
desired outcomes and values acted upon, soil scientists will increasingly need to recognize and
objectively weight both the positive and negative contribution of management alternatives to all
three primary considerations of soil management.
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