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CHAPTER 1

Carbon Sequestration and the Integration
of Scienc e, Farming, and Policy
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INTRODUCTION

Over the past 9 years National Resources Conservation Service (NRCS), Agricultural Research
Service (ARS), and Ohio State University jointly organized a series of international symposiums
and workshops whose purpose was to look at the relationship among soils, climate change, and
potential carbon sequestration. These meetings resulted in a series of books that have had a majo
impact on the science of carbon sequestration (Lal et al., 2000a, b, c; 1995a, b, c; 1997; 1998a, b;
2001, and Follett et al., 2001). The underlying objective of these meetings was to deeidofific
basefor understanding the relationship among soils, climate change, greenhouse gas fluxes, and,
particularly, the role of carbon sequestration.

These meetings scientifically established that accurate point measurements of soil carbon can be
made and scaled to larger areas, i.e., from the point sample to the field to regional and national levels.
It was shown that different management practices can reduce the rate of enrichmentroth@O
atmosphere. As the concepts of the Kyoto Protocols are considered, the need to better understanc
how these point measurements and sequestration rates for different practices can be scaled to large
areas becomes crucial. This is particularly significant if there is movement towards the trading carbon
credits where a buyer may want to purchase many million metric tons of carbon (MMTC).

In July 1999, a meeting brought together participants from all areas that have an interest in the
carbon sequestration question (scientists, economists, policymakers, farmers, land managers, anc
industrial representatives). This meeting provided an opportunity to create a dialogue among all of
the stakeholders relative to agriculture practices, processes that enhance sequestration, and rate
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and retention time of soil carbon. Meetings that create such a dialogue are necessary because
scientists often work in their own world, as do producers and policymakers, so never shall the
twain meet. Although in past meetings the science was covered, if it is not converted into workable
policies it will just end as an esoteric exercise, sitting on a shelf or just used when scientists talk
with each other.

Scientists know that adopting recommended management practices (RMPs) for intensification
of agriculture on prime farm land, taking marginal agricultural land out of production agriculture,
and restoring degraded soils and ecosystems can lead to increases in the soil C reserves at th
expense of the atmospheric pool (Lal et al., 1999; Follett et al., 2001). As a result, management of
soil carbon sequestration has become a priority issue and needs to be addressed not just in the
scientific realm, but also within the policy arena. The development of policy options requires input
from farmers, land managers, and other groups using a holistic approach. This process cannot be
conducted in a vacuum but must be done in an atmosphere of cooperation involving many diverse
groups working towards the benefit of all. Enrichment of atmospherjc@@entration by about
80 ppmv (from 280 ppmv ca. 1850 to 365 ppmv in 1997) is due partly to land use changes and
partly to fossil fuel combustion. The present rate of annual enrichment of atmospheric concentration
of CQ,is 3.3 Pg (1 Pg = petagram =14 = 1 billion t). Until the 1950s, as much as 75% of the
annual increase in atmospheric @®@ncentration came from changes in land use, agricultural
expansion, and soil cultivation. From then until the 1970s, more than 50% of the annual increase
was the result of changes in land use, agricultural expansion into natural ecosystems, and miner-
alization of soil organic carbon. In the 1990s, at least 20% ofe@@ssions came from soil
cultivation and agricultural practices. With knowledge that this increase in atmospheris CO
affecting the global climate, the need to guide policies regarding agricultural practices becomes vital.

World soils have contributed as much as 55 to 78 Pg of carbon to the total atmospheric CO
This is a conservative estimate, possibly even an underestimate as no reliable estimates of the tota
C pool in world soils are available. The total soil C reserve includes the soil organic carbon (SOC)
pool, estimated at 1500 Pg to 1-m depths, and the soil inorganic carbon (SIC) pool, estimated at
750 Pg. Land-use conversion along with improper farming practices may release C from both soil
pools into the atmosphere.

Although C emissions from agricultural activities caused much of the historic enrichment of
atmospheric CQ sequestering C in world soils can reverse the trend. RMPs’ intensification of
agriculture on prime farm land, removal of marginal agriculture land from agricultural production,
and restoration of degraded soils and ecosystems can increase the soil C reserve at the expens
of the atmospheric pool. Thus, managing C sequestration in soil is a priority issue that needs to
be addressed.

Increasing SOC content enhances soil quality, reduces soil erosion, improves water quality,
and increases biomass and agronomic productivity. It also improves the environment by absorbing
pollutants from natural waters and reducing the rate of enrichment of atmosphedorcén-
tration. Thus, in addition to meeting basic needs (food, feed, and fiber), scientific agriculture
offers a solution to several environmental issues in general and to the greenhouse effect in
particular. In some cases, managed ecosystems can produce more biomass than a natural ecc
system (because natural ecosystems may be subject to more drought, sub-soil acidity, P and N
deficiency, and nutrient imbalance). Therefore, adopting appropriate land use and judicious
soil-nutrient—-water—plant management may sequester more C than was lost historically through
agricultural land use. Converting from plow-based to no-till or conservation tillage, eliminating
summer fallow, incorporating cover crops into the rotation cycle, judiciously using fertilizers,
integrating nutrient management by using biosolids and manure, and appropriately managing water
can enhance yield, return biomass to the soil, and increase the SOC pool. Thus the sequestratior
of C in soil is a win—win strategy.
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Using available technical information to develop an action program to sequester C in soil and
terrestrial ecosystems requires a holistic approach, one that brings the scientific community together
with policymakers, farmers, and land managers and that works from the bottom up, as a grass roots
movement. Farmers and land managers must work with researchers and policymakers to identify
strategies that can lead to widespread adoption of management practices to enhance productivity
and increase the size of the soil carbon pool.

With this in mind, a 5-day conference was organized and held at Ohio State University in July
1999 with the following objectives to:

1. Assess historic C loss from world, regional, and U.S. soils

2. Evaluate the potential of adopting RMPs on C sequestration in principal ecoregions and major soils

3. Determine the economic cost of the unit quantity of SOC in terms of productivity and environmental
regulatory capacity

4. Identify policy issues that enhance C sequestration in soils

5. Identify criteria and indicators of farmers’ adoption of C sequestration practices

6. Develop policies to implement RMPs

The major themes that were discussed during the conference included:

Historic loss of soil carbon from various pools

Impacts of RMPs on soil carbon dynamics on regional and national scales
Regional and global trends in the adoption of RMPs

Economics of C sequestration

Policy considerations

Farmer participation and inputs

A

PERCEPTIONS

Several concerns and myths have stymied the ability to deal with the problem of soil and
environmental degradation in general, and of the accelerated greenhouse effect in particular.
These perceptions lead to a poor understanding, which results in the proliferation of soil degra-
dation and contamination, pollution of natural waters, depletion of the SOC pool, emissions of
radiatively active gases from soil to the atmosphere, and the threat of an accelerated greenhouse
effect. They underscore the need for a public forum of land managers, researchers, and policy-
makers. More concerns and myths exist than can be addressed in this chapter, but a few that will
be discussed include:

¢ Land (soil) is a resilient and inexhaustible commodity.

* Nature and wilderness are to be conquered and subdued.

« Soil and dirt are synonymous.

« Agricultural science as it pertains to soil carbon is a work in progress.

« Engineering technologies can fix anything.

« Experimental data are too site-specific and difficult to extrapolate or scale up.

» Soil C cannot be measured as accurately as can C stored in aboveground biomass (trees).
« Computer models are infallible and can provide all of the answers.

Such perceptions must be changed in order to effectively replace them with workable solutions.
It was with this in mind that the symposium was organized, the objectives of which were to
(1) present scientific facts about the attributes of soil and natural resources, (2) discuss strategies
for sustainable use of these finite, nonrenewable, fragile resources, and (3) highlight advances in
soil science related to sequestering C.
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The real concern is why these perceptions propagate and remain in the minds of people. One
obvious reason is the lack of any tangible dialogue among various stakeholders. Scientists know
soil is not dirt and is not indestructible, yet they are unable to properly convey this information to
policymakers; they do not really work with farmers to show them that soil should be treated as a
valued commaodity or important asset. Farmers have been shown how to apply more fertilizers and
use improved crop varieties to overcome the slow, insidious reduction in soil quality. The result is
that production has increased, but at what cost to the overall environment? More natural gas is
used to produce more nitrogen fertilizers. Soil structure has been destroyed, thus causing increasec
soil erosion and loss of water-holding capacity, but yield is maintained by adding more and more
inputs. One does not ask or perhaps chooses to ignore the question: is such a system sustainable
The answer is that it is not sustainable, but for some reason this information seems unimportant
and is ignored by the general population, including policymakers.

The U.S. is fortunate because much of the grain belt region has very fertile soils and, despite
poor management, a reasonable level of production has been maintained. However, it has not beer
possible to stop erosion in many regions and it may continue to accelerate as the soil’s structure
becomesnore damagedwhich alsoleadsto a continuediossof SOC.Table 1.1shows datafrom
soils in Africa and what can happen over time if the integrity of the soil and soil carbon is not
maintained. The yield differential occurs despite continued external inputs.

Table 1.1 SOC Changes over Time and the Effect on Maize Yield
with Complete Fertilizer

Egveda Series Iwo Series Cambari Series
oM Yield oM Yield oM Yield
(%) (kg/ha) (%)  (kg/ha) (%) (kg/ha)
1st crop 2.8 3100 3.0 3800 21 2500
3rd crop 1.8 2000 24 2600 0.9 1000
7th crop 0.8 1000 1.8 1800 0.6 800
10th crop 0.6 700 1.0 1000 0.3 200

Source: Adapted from Agboola, A.A., in Organic-Matter Management and Tillage in Humid and
Subhumid Africa, IBSRAM Proceedings, no. 10, 1990.

The above data demonstrate that, even with inputs, there is a significant loss in productivity. If
many of these perceptions as well as current ways of farming are not changed, the desertification
and massive soil degradation that exist in many other parts of the world are risked. These soils are
different from the soils found in the U.S. grain belt, but not so different from the red clays of
Georgia and other parts of the Southeastern U.S. Poor farming practices degraded these soils anc
led to much of the early migration west to new farmland. This practice cannot continue; sustainable
farming systems should become a universal practice.

Many questions need to be addressed by scientists, farmers, land managers, and policymakers
including determining why these perceptions exist and how to change the ways people look at
soils. There is a need to address reasons for the reduction in the adoption of no-till farming, as
well as the idea that more chemicals (herbicides) are needed in no-till farming (yet many long-
term, no-till farmers say that they need fewer chemicals). As the dialogue develops, these perceptions
can be addressed and how people think about the soil and relevant farming practices changed.

PRACTICAL LIMITATIONS OF ADOPTING NO-TILL FARMING
Many farmers, from very different parts of the globe, emphasize numerous practical problems

of and several constraints to widespread adoption of no-till or conservation tillage. In fact, the
rigorous no-till practice in Brazil and Argentina is not widely followed in the U.S. specifically
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because of these constraints. Some perceived limitations of adopting no-till farming given by
farmers include:

Lack of effective weed control measures

High risks (initially) of crop failure and low returns
Susceptibility to soil compaction

Problems of drought

Poor seedling establishment

Timeframe before change is visible to farm manager
Cultural resistance to change

NOoORwD R

There is a strong need to overcome these constraints or perceptions, as they are now preventing
adoption of new technologies that would provide many environmental as well as societal benefits.
The real concern to be addressed is determining if these are really constraints or just perceptions.
Is the real problem nothing more than a cultural resistance to change? How does societal pressure
correlate with benefit to the farm owner or manager? What about the fact that, even with all these
perceptions and constraints, many farmers say these constraints do not really exist? One farmer
commented that he had tried no-till farming several times for a year or two each time, thus
illustrating a real problem, as change does not occur overnight. Science has repeatedly shown that
farmers cannot expect to increase their SOC in the first year or increase the beneficial soil fauna
that helps to rebuild the soil structure. How then does one convince the farmer or farm manager
that waiting several years to see the improvement will, over the long term, provide a greater benefit,
monetarily as well as environmentally? This then becomes a policy-related concern, helping farmers
make the necessary changes to their farming practices with the knowledge that for a few years
there will be some increased risk of crop failure, a possibility of lower yields and an initial need
for more chemical inputs. Constraints, perceptions, and concerns often are simply a lack of
understanding and a poor knowledge base.

However, the real problem may just be an inherent resistance to change. Farming has been done
in a similar manner for 50 years, with better yields observed over this time, so why change? This
is not taking into consideration how much of the yield increase resulted from improved varieties
or greater chemical inputs. Also, many times all that is looked at is yield per acre without any
consideration to the net profit and other benefits obtained from conservation tillage. A paradigm
shift is needed in which only yield and monetary profit are looked at, but also net profit, i.e., the
overall environmental benefit of a sustainable farming system. High yields with negative environ-
mental benefits may not be sustainable over the long term and, in actuality, may prove to have
irreversible negative impacts on the environment.

More holistic management is needed. This includes looking at other parameters that influence
the whole system such as watershed processes and the effect of an upstream process on downstrea
users. Society will benefit from more holistic management, particularly if water quality, air quality,
and other off site conditions are improved. But when this is considered the economic gain of such
management, it needs to be passed back somehow to the farmer in a tangible reward system.
Providing a reward for proper land stewardship encourages and propagates the use of beneficial
management systems. Thus the long term goal must be to have a more sustainable farming systen
with a reward system in place to provide sufficient incentives to farmers for the inherent risk of
changing their agricultural practices.

LINKAGES OF SCIENCE AND POLICY

Many books and journals have addressed the link between science and policy (Watson et al.,
2000; Rosenberg et al., 1999; Reilly and Anderson, 1992; Kaiser and Drennen, 1993; and Cline,
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1992). For example, the journBhvironmental Sciencand Policy published a special issue in

1999 addressing the idea of land use, land-use change, and forestry in the Kyoto Protocol
(Wisniewski, 1999). The major trouble is that, as in other such works, most are written by scientists
and in a scientific format that does not present concepts and ideas in a simple readable format that
most policymakers would find useful. Scientists present esoteric arguments and presume that, since
they are clear to them, then they obviously are clear to everyone. Armed with this egocentric
impression scientists wonder why policymakers, farmers, and land managers do not use, understand,
or even identify with their arguments. To paraphrase the comic Rigp “We have met the
problem and it is us.” Scientists need to develop their interactions with policymakers and put them
in a context that can be understood. A book on the potential of U.S. cropland to sequester carbon
(Lal et al., 1999) was written in a manner aimed specifically towards policymakers and nonscientific
persons. Its popularity among policymakers, farm managers, and scientists provides evidence that
science and policy can be brought together in a common forum useful to all.

Articles and books dealing with global climate change (Reilly and Anderson, 1992; Cline,
1992), the adaptation of agriculture to climate change (Schimmelpfenning et al., 1996), or the
agricultural dimensions of global climate change (Kaiser and Drennen, 1993) all deal with issues,
economic and otherwise, related to agriculture and climate change, but are written mostly by
scientists and specifically for the scientific community. All of these books and articles contain
needed and useful information, but many times are in a format that farmers and policymakers do
not comprehend. In a sense an information overload has been created again, limiting the ability to
create an open dialogue among all stakeholders and thus putting up a roadblock to the development
of workable solutions. Many times politicians enter into the dialogue, as well they should. One
example is the nonbinding vote of the U.S. Senate of 95 to 0 in opposition to the Kyoto Protocols.
Once ideas are translated into the political process, they need to be worked and developed so tha
useful solutions are the outcome.

This workshop demonstrated that what scientists have learned from carbon sequestration can
create a precedent that provides a unique opportunity for science to determine policy. As stated
earlier, the combined knowledge of scientist, policymaker, and farm manager not only is good
policy but will also lead to the development of useful, workable policies that will benefit all
stakeholders economically as well as environmentally. Policies put into place today not only will
affect the lands of the U.S., but also will have a global impact

The United Nations Framework Convention on Climate Change (UNFCCC) was established
to address many issues related to global climate change. This is a necessary process, but all toc
often the work of this group gets bogged down in the idea of whether or not global warming is
occurring. Scientists dealing with atmospheric process models make predictions as to possible
future change; however, one group of scientists says there is change while another looks at the
same data and says there is no change. The International Panel on Climate Change (IPCC) ha:
issued many reports related to this topic and the general conclusion is that there is an anthropogenic
effect, but no one can say for certain to what extent. The basic problem is that uncertainty exists
SO scientists then say, “Give us more money so we can do more studies,” and the big picture gets
blurred. The IPCC has done summaries for policymakers (IPCC, 1995; Watson et al., 1996) to
facilitate moving the dialogue forward. The IPCC also produced a special report drittetse,
Land-Use Change, and Forestfyatson et al., 2000). It was done at the request of the UNFCCC
to provide information to the Conference of Parties (COP). This report was written by a large group
of eminent scientists and the findings and information contained in it are well documented and
based on good science. Many have read the report, but when it is considered in the context of
policy, there is a “disconnéctamong scientists, negotiators, and policy leaders. Scientists working
together wrote the report and it was considered by the politicians; however, there is little or no real
interaction between the two groups.

The COP looks at the report line by line, pulling it apart word by word to ensure that no group
or country gains an advantage over the other. The science upon which the material was based get:
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lost in the political repertoire of “what doget from this” or “what dol not getfrom this.” At

some point one needs to go beyond the hard line views taken by many people (both positive and
negative) and work as a team and not as polar opposites. It is necessary to reflect on the possible
effects of the rapid and measured increase in greenhouse gaséso(@@30 ppmv to 365 ppmv

in just over 150 years). This increase in the gases mirrors the increase in the world’'s population
when plotted. If populations continue to rise as predicted, can one expgtd &&p rising? Or

will it increase even faster as the less developed world becomes more developed? The concern a
the heart of many of Kyoto Protocols’ political considerations is whether or not limits are placed
on developing countries.

One can bury one’s head in the sand or create a positive dialogue among scientists, farmer,
land managers, environmental groups, and policy leaders. All should have a common goal of
achieving sustainable agriculture that is both environmentally and economically beneficial. Scien-
tists are in a win—win situation and need to move forward. The win—win concept was very evident
in one of the U.S. Senate Agriculture Subcommittee hearings as the senators came up with more
win-win options. The material contained in this book will help move this dialogue forward and
towards a future where all stakeholders will benefit and the win—win strategy wil become global
in nature.

The bottom line is that everyone lives on the same planet and, in reality, works for a common
goal. How to get there will, by the nature of the problem, be different for different regions but
everyone can and will reach a common goal. It is always said that the devil is in the details. Meeting
together has shown that everyone can work together and differences can be overcome. In a way
this meeting was the culmination of the overall goals of the meetings organized by the soils and
global carbon cycle program. The first goal of this program was to establish and understand the
basic science behind soils and the carbon cycle, which was accomplished in the early meetings. In
this meeting the goal of the program was to present some science and at the same time integrate
it with policy and on-farm management; this goal was also achieved.

Ismail Serageldin talks about Promethean science (Serageldin and Persley, 2000) and the
creative and daringly original ideas of much of the Consultative Group for International Agricultural
Research (CGIAR) were developed from the Promethean idea of taking for the good. However,
recent generations are doing the opposite of what Prometheus promoted by releasing harmful gases
into the atmosphere. Prometheus took fire from the gods and gave it to humans; now humans are
putting gases into the atmosphere in ever increasing amounts that will lead to fire on the earth.

CONCLUSION

The idea that policies are needed to manage soil carbon is not new, nor is the effect that it has
on land values. More than 60 years ago, Albrecht (1938) pointed out that the decrease of organic
carbon led to decreased land values and lower crop yields. A quote from his paper is telling and,
sadly, still true. “ Up to the present, the policy — if it can be called a policy — has been to exhaust
the supply, rather than to maintain it by regular additions according to the demands of the crops
produced or the soil fertility removed. To continue very long with this practice will mean a further
sharp decline in crop yields.” In many ways that is still the case. An attempt has been made to
restore fertility with inorganic fertilizers and, in many cases, the yields have been maintained with
ever increasing inputs, but with a continued decline in the SOC.

The sad part is that policies are still not in place to really encourage the increase and or even
the maintenance of SOC. The question now to address is that of why, after almost 70 years, this
issue is still on the back burner. SOC needs to be built up in soils because the advice presented in
1938 by Albrecht was not followed. If there had been a continued supply of fresh organic matter
added to the soils, the levels would not now be as low as they are. It should be noted that, in many
of the soils in the U.S. grain belt, the native levels of SOC were very high and remained highly
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productive even with years of poor management practices. However, in the tropics and warmer
areas, this has not been the case. In these regions almost all of the SOC has been lost with devastatin
results, i.e., sharp and continuing drops in crop yields leading to failed agriculture systems. The
effect of temperature on virgin organic matter content of different soils has been shown to decrease
from north to south (Jenny, 1930). For each 10°C decrease in annual temperature the average
organic matter content increased two to three times under the same precipitation—evaporation ratio.
Moisture also has a major effect, but the effect of temperature is very dramatic.

What will happen to SOC if the climate warms? Is enough now known to promote sustainability
in the world’s agricultural systems? The question becomes how to create a dialogue to address all
the issues and define a workable solution. All of the parts are in place to create the win—win situation
described earlier; now the dialogue must move forward so that productivity does not decline and
benefits rise, globally, among all of the stakeholders.
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INTRODUCTION

It is generally agreed that, if the world emission of greenhouse gases (GHGSs) continue unabated,
atmospheric concentration of carbon dioxide fC@ay double by the end of the 21st century.
Responding to this concern, world communities signed the Kyoto Protocol in December 1997 under
the auspices of the United Nations Framework Convention on Climate Change (UNFCCC, 1998).
The Kyoto Protocol (Baker and Barrett, 1999; Faeth and Greenhalgh, 2000) legally binds the
developed nations (Annex-1 countries) to reduce emission of GHGs by 5% below the 1990 level.
Under this treaty (not ratified by the U.S. Senate), the U.S. would be required to a cumulative
reduction in its GHGs over the commitment period 2008 to 2012 to 7% below the 1990 level. In
addition to reduction in industrial emissions, the Kyoto Protocol also proposes sequestering carbon
(C) in terrestrial sinks. However, the sixth meeting of the Conference of Parties (COP-6) held in

©2002 CRC PressLLC



The Hague in November 2000 did not reach any agreement with regard to allowing countries to
receive credits for terrestrial sinks, especially for C sequestration in agricultural soils.

The importance of soil organic carbon (SOC) to soil quality and agronomic productivity has
long been recognized. Albrecht (1938) stated that “soil organic matter is one of our most important
national resources, its unwise exploitation has been devastating, and it must be given proper rank
in any conservation policy as one of the major factors affecting the level of crop production in the
future.” The importance of a changing climate to agriculture has been known for decades, if not
centuries (Russell, 1941). Yet, the concept of soil C sequestration is not widely appreciated because
of lack of understanding of the role soil processes play in the global C cycle. Further, agriculture
has been generally regarded as a source of GHGs and other environmental pollutants.

The idea of using soils to sequester C and mitigate risks of an accelerated greenhouse effect is
rather novel. The objectives of this chapter are to (1) explain soil processes and properties relevant
to reducing emissions of GHGs and sequestration of C, (2) identify practices leading to an increased
SOC pool, and (3) discuss policy options that facilitate adoption of recommended agricultural
practices (RAPs). There are at least ten reasons why C sequestration in agricultural soils ought to
be included for credits in the Kyoto Protocol.

TEN REASONS FOR SOIL CARBON SEQUESTRATION
Soil Carbon as a Major Global Pool

The soil C pool constitutes a major global reservoir comprising both SOC and soil inorganic
carbon (SIC) components. The SOC pool consists of “a mixture of plant and animal residues at
various stages of decomposition, of substances synthesized microbiologically and/or chemically
from the breakdown products, and of the bodies of live microorganisms and small animals and
their decomposing products” (Schnitzer, 1991). The SIC includes elemental C and carbonate
minerals of primary and secondary origin. Primary carbonates are derived from the parent material
and secondary carbonates are formed through the reaction of atmosphenith0Cs? and Mg?

(Lal and Kimble, 2000). The SOC pool is estimated at about 1500 Pg to 1-m depth, 2000 Pg to
2-mdepth,and2340Pgto 3-m depth(Table3.1). In comparisonthe SIC pool is estimatecht 750

to 950Pgto 1-mdepth(Table3.2). Theavailabledataon the SIC pool arehighly variable probably
because of the weak database and lack of standard methods.

Table 3.1 Global Estimates of the Soil Organic Carbon Pool

Reference 0-1 m (Pg) 0-2 m (Pg) 0-3 m (Pg)
Jobbagy and Jackson (2000) 1502 1993 2344
Batjes (1996) 1642-1548 2376-2456 —
Eswaran et al. (1993; 2000) 1526-1555 — —

Table 3.2 Global Estimates of the Soil Inorganic
Carbon Pool to 1-m Depth

Reference SIC pool (Pg)
Batjes (1996) 695-748
Eswaran et al. (1995) 1738
Eswaran et al. (2000) 940
Schlesinger (1982) 780-930
Sombroek et al. (1993) 720
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Table 3.3 Soil C Pool to 1-m Depth in Major Soil Orders or Land Types

Order Area (Mha) SOC pool (Pg) SIC pool (Pg)
Alfisols 1262.0 158 43
Andisols 91.2 20 0
Aridisols 1569.9 59 456
Entisols 2113.7 90 263
Gelisols 1126.0 316 7
Histosols 152.6 179 0
Inceptisols 1286.3 190 34
Mollisols 900.5 121 116
Oxisols 981.0 126 0
Spodosols 335.3 64 0
Ultisols 1105.2 137 0
Vertisols 316.0 42 21
Shifting sand 532.2 2 5
Rocky land 1307.6 22 0
Total 13079.5 1526 940

Source: Adapted from Eswaran et al., 2000.

Most currently used methods cannot differentiate between primary and secondary carbonates.
Principal soil orders with a large reservoir of SOC include gelisols, inceptisols, histosols, alfisols
andultisols (Table 3.3). Principalsoil orderswith a large resevoir of SIC pool include aridisols,
entisols,mollisols, alfisols and vertisols (Table 3.3). Therefore,total soil C including both SOC
and SIC pools in the active soil layer of 1-m depth constitutes about 2300 Pg. The soil C pool of
2300 Pg is three times the atmospheric pool, estimated at 760 Pg, and 3.7 times the biotic pool
estimated at 620 Pg. Such a large and active C pool cannot be ignored.

Direct Link between Soil and the Atmospheric Carbon Pools

The soil C pool is highly reactive and dynamic. Cultivation of virgin soils or conversion of
natural to agricultural ecosystems leads to depletion of the soil C pool with attendant emission of
GHGs (e.g., CQ CH,) into the atmosphere. The reduction in the soil C pool by 1 Pg is equivalent
to an atmospheric enrichment of Cay 0.47 ppmv. The reduction in soil C occurs because of the
depletion of the SOC pool, which is caused by reduced inputs of biomass carbon (in the form of
roots, residues, etc.) and an increase in the output of C from the soil-plant continuum. The C output
from the system is accentuated by deforestation, biomass burning, drainage of wetlands, tillage,
and removal of crop residue and biomass. Even if the amount of residues or biomass returned is
the same as that under natural ecosystems, the rate of C output from agricultural ecosystems is
more because of changes in temperature and moisture regimes. Soils of agricultural ecosystems
are drier and warmer than those under natural ecosystems, and thus have high rates of oxidation
or mineralization (Jenny, 1981).

Misused Agricultural Soils Can Be a Major Source of Greenhouse Gases

Cultivation of agricultural soils is not as obvious a source of GHGs as is direct fossil fuel
combustion. However, soil misuse can lead to emissions of GHGs from soil to the atmosphere (Lal,
1999; Batjes and Bridges, 1994). The cumulative historic loss of C by cultivation since the dawn
of settled agriculture is enormous (Lal, 2000). From 1850 to 1998, 270 + 30 Pg C were emitted
from fossil fuel combustion and cement production (Marland et al., 1999). During the same period,
net cumulative CQemissions from land use change are estimated to have been 136 + 55 Pg
(Houghton, 1997, 1999; Houghton et al., 1999, 2000). The emission from soil cultivation is
estimated at 78 + 17 Pg (Lal, 1999). Therefore, land use and soil management have been a major
source of atmospheric enrichment of L@ fact, until 1970, more C came from soil cultivation
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and deforestation than from fossil fuel combustion. During the 1990s, about 25% of global emissions
came from land-use change and soil cultivation (IPCC, 1996); therefore, conversion to appropriate
land use and adoption of RAPs is a prudent option to reduce the rate of atmospheric enrichment
of CQO..

Soil Carbon Sequestration Improves Soil Quality

SOC content is an important factor affecting soil quality (Doran et al., 1994; Lal, 1993),
definedas soil's hiomassproductvity and environment moderatingcapacity (Figure 3.). The
SOC affects soil physical quality through change in soil structure, aggregation, total- and
macroporosity, susceptibility to crusting and compaction, and ease of root system development.
It has long been recognized that soil structure is the key to high yield and to erosion control
(Yoder, 1946). The impacts of the SOC pool on soil fertility result because of SOC capacity to
hold and slowly release plant nutrients upon decomposition or mineralization. The SOC also plays
a critical role in cycling of principal elements including N, P, S, and Zn. Soil chemical quality
depends on its ability to maintain a favorable balance among macro- and microelements, and on
processes governing elemental cycling moderated by the SOC pool. Soil biological quality involves
population and species diversity of macro- and microfauna, microbial biomass C, microbial
processes leading to transformation of biomass, and denaturing and detoxification of applied
chemicals and other pollutants.

Soil is a habitat for macro- and microfauna, within and on soil, which transform living and
dead organic matter. Biological processes depend on the SOC pool and the characteristics of humic
substances in soils. Soil hydrological properties are crucial to plant growth and the environment;
the hydrological cycle and partitioning of renewable water into different components (e.g., runoff,

Soil structure
* Aggregation
* Pore size distribution
* Root growth

* Gaseous exchange

Soil hydrology

* Plant available SOC pool Soil fertility
water capacity * Quantity » Nutrient pool and fluxes
» Water retention * Quality

and transmission * Turnover time * Elemental cycling
* Runoff/erosion,

leaching

Soil biodiversity
* Biomass carbon
* Macrofauna

« Species diversity
* Biomass transformation,

Figure 3.1 The SOC pool and its dynamic play an important role in all components of soil quality and
biodiversity.
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deep seepage, evapotranspiration, soil water reserve) depend on the SOC pool and processe
moderated through it. The dynamics of different components of soil quality govern biomass
productivity, and use efficiency of input (e.g., fertilizers, amendments, and irrigation water). There-
fore, the SOC pool is as vital for soils as blood is for the animal body (Martius et al., 1999).

The Soc Pool Improves Quality of Natural Waters

Soil as a “geomembrane” is a vast reactor. It filters, buffers, and moderates quality of natural
waters (Yaalon and Arnold, 2000). Soil's capacity to absorb and store and release water at variable
rates and its capacity to regulate and buffer the hydrological cycle depend on the SOC pool. Through
its microbial and chemical processes, soil transforms, denatures, and filters pollutants and purifies
natural water.

The quality of surface waters depends on the magnitude of dissolved and suspended loads.
Surface runoff from agricultural watersheds contains sediments, sediment-borne pollutants, and
dissolved chemicals. The sediment load, as influenced by soil erodibility, is moderated by the SOC
pool. Similarly, the nature and concentration of sediment-borne and dissolved chemicals depends
on the characteristics and concentrations of humic substances. RAPs that enhance the SOC poo
are an important strategy to reduce risks of soil erosion and decrease sediment load in streams anc
rivers. Similar to the quality of surface water, that of ground water also depends on the SOC pool.
Because of the charge properties of SOC, cations and anions are absorbed and desorbed on th
exchange complex.

Reduction in Silt Load and Sedimentation

Improvement in soil structure, decrease in soil erodibility, increase in infiltration capacity, and
reduction in runoff rate and amount by improvements in the SOC pool lead to reductions in sediment
load transported into waterways and reservoirs. The life of reservoirs is shortened by excessive
siltation and can be prolonged by reduction in sediment load. The economic benefits of reduced
sediment load include less cost from dredging silt, reduction in adverse impacts on fisheries and
aquaculture, and low cost of water purification for use by municipalities and urban centers.

Air Quality

There are direct and indirect effects of the SOC pool on air quality. Directly, it affects the nature
and rate of emission of GHGs (e.g., £OH,, N,O, NQ) from soil into the atmosphere. There is
a strong interaction between biotransformations of crop residues and biomass and the emission of
trace gases. Aerobic transformations lead to emission gfv@tile anaerobic processes cause the
release of Cliand NO from SOM in the soil into the atmosphere. The rate of biotic processes
and the gaseous emissions also depends on soil temperature and moisture regimes.

Indirectly, the SOC pool affects air quality through moderating the rate of emission of particulate
material from soil to the atmosphere by wind erosional processes. Similar to erosion by water, the
susceptibility to wind erosion also depends on the SOC pool and its interaction with soil texture
and clay minerals. Wind-blown dust, often carried over hundreds and thousands of miles from the
site of origin, can have severely adverse impacts on environmental quality and human health.

Aesthetic and Economic Value of Land
Enhancement in the SOC pool also improves economic and aesthetic values of the land. High-
quality soils have a vast capacity to produce large amounts of biomass of rich nutritional value.

Because of low risks of soil erosion, especially of gully erosion that dissects terrain and dismembers
landscape, the aesthetic value of land with high-quality soil is high. Water resources are clean and
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valuable for agricultural use and human and animal consumption. Increases in the SOC pool lead
to an increase in the economic worth of the land.

Biodiversity Enhancement

Biodiversity of flora and fauna depends on attributes of the land among which soil is an integral
component. Soil quality enhances biodiversity directly and indirectly: directly, by increasing the
soil's capacity to produce biomass and enhance use efficiency of water and nutrients, leading to
an increased biotic population on and within the soil; indirectly, by improvement in soil quality
and its agronomic productivity, leading to a reduction in the degradation of land. Therefore,
agriculturally marginal lands can be converted to nonagricultural or restorative land use. Conversion
to conservation reserve program (CRP) and afforestation of degraded lands have beneficial impacts
on biodiversity. A close link exists between soil quality and soil biodiversity; in fact, there can be
no life without soil and no soil without life because both have evolved together (Kellogg, 1938).
The SOC pool plays an important role in maintaining the vital link between soil and all life.

Land Stewardship

Soil is the most basic among all natural resources and an integral component of land. Developing
a societal understanding of “land stewardship” is important to identifying strategies for sustainable
management of natural resources. Soil resources are finite and nonrenewable in terms of the humar
time frame, unequally distributed among ecological and geographical regions, and prone to degra-
dation because of land misuse and soil mismanagement. As Aldo Leopold wrote, “We abuse land
because we regard it as a commodity belonging to us. When we see land as a community to which
we belong, we may begin to use it with love and respect” (Udall, 1963). Involving land managers
and policymakers in improving soil quality through enhancement of the SOC pool strengthens
societal value of the concept of land stewardship. It is important that each generation hands over
to the next generation soil and land with a better quality than that received from the previous
generation.

The conceptuabutline in Figure 3.2 shows numerousancillary benefitsof SOCsequestration.
In fact, SOC sequestration is an ancillary benefit of adopting RAPs on agricultural soils for
enhancing food security. An important objective of adopting RAPs (e.g., integrated nutrient man-
agement, precision farming, conservation tillage, water table management, growing cover crops)
is to enhance productivity. While doing so, this strategy also sequesters C in soil and terrestrial
ecosystems, and decreases the risks of an accelerated greenhouse effect.

PRACTICES OF SOIL CARBON SEQUESTRATION

A vast body of literature exists documenting the effectiveness of land use and soil management
practices for SOC sequestration in relation to soil and ecoregional characteristics (Lal et al., 1998;
Batjes, 1999; IPCC, 2000; Lal, 2000). Important among these is conversion from a conventional
to a conservation or no-till system of seedbed preparation based on liberal use of crop residue
mulch and frequent inclusion of cover crops in the rotation cycle.

There is a long history of conservation tillage. Prior to the invention of motorized tillage
equipment, reduced or shallow tillage was the traditional mode of seedbed preparation and still is
in several regions of the tropics and subtropics. The modern concepts of conservation tillage have
evolved since World War Il because of the realization that accelerated erosion has severely adverse
impacts on soil and environment qualities (Faulkner, 1942). Thus, conservation tillage has been
promoted for erosion control since the 1950s (Buchele, 1956; Meyer and Mannering, 1961). The
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Figure 3.2  Ten reasons for soil C sequestration.

effectiveness of conservation tillage in erosion control is greatly enhanced by use of crop residue
mulch, and weed control by economic availability of appropriate chemicals or growth regulators.

In the 1990s, the usefulness of conservation tillage was recognized for C sequestration to
reduce the risks of an accelerated greenhouse effect (Lal et al., 1998; Lal, 2000). It is in this
context that a strong need exists to extend the ecological limits of application of conservation
tillage through adaptive and soil-specific research, especially in soils and crops of the tropics and
subtropics. While erosion control leads to maintenance of the SOC pool, the need for C seques-
tration in soil strengthens development of innovative technologies for widespread adoption of
conservation tillage systems.

There are several impediments adopting a conservation tillage system in developing countries.
Crop residue, an important input for erosion control and enhancing the SOC pool, is needed for
multifarious purposes, important among which is use of residue as fodder, fuel, and construction
material. There is a need to develop farming systems that produce enough biomass to cater to
alternative needs. Economic and timely availability of herbicides for effective weed control and of

appropriate seeding equipment are other issues to be addressed through institutional arrangement
and practical research.

STRATEGIES OF CARBON SEQUESTRATION
Carbon sequestration implies removing atmospheric carbon and storing it in natural reservoirs

for extended periods. There are numerous strategies of C sequestration (DOE, 1999), most of which
canbe groupedundertwo cakgories:biotic andabiotic (Figure 3.3. The underlyingprincipal for
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Figure 3.3  Strategies of carbon sequestration to reduce the rate of enrichment of atmospheric carbon dioxide.

biotic options is converting atmospheric 6to biomass and transforming a fraction (10 to 20%)

into the SOC pool. There is a wide array of biotic processes ranging from molecular or microbial
reactions to those occurring in the rhizosphere, on clay surfaces leading to formation of organo—min-
eral complexes, within the profile involving humification and leaching of dissolved organic carbon
(DOC), and over the soil and landscape involving production of biomass.

Three abiotic processes exist, two of which involve compression ge@ited by industrial
complexes and injection into geologic strata and deep ocean. The third is a soil process that involves
dissolution of atmospheric G@eading to formation of carbonates following reaction with?@©a
Mg*2 cations brought in from outside the ecosystem. Leaching of carbonates into ground water is
an important mechanism of C sequestration (Nordt et al., 2000). Over and above leaching, annual
sequestration of C in soil carbonates and caliches can be 10 to 11 Tg C/yr (Schlesinger, 1997). A
report prepared by DOE (Battelle, 2000) concluded that, among all options, SOC sequestration is
the most cost-effective strategy available within the next 25 to 50 years. Further, it is a win—win
strategy because of numerous ancillary benefits (Lal et al., 1998).

CONCLUSIONS

The historic loss of SOC pool due to conversion from natural to agricultural ecosystems and
subsequent soil cultivation by plowing and excessive tillage has contributed a large amount of
anthropogenic emissions of G the atmosphere. In addition to enhancing the risks of accelerated
greenhouse effect and reducing quality of natural waters, depletion of the SOC pool has adversely
affected soil quality. Soils with depleted SOC pools have low biomass productivity, especially in
farming systems with low external input. In commercial agricultural systems, the use efficiency of
water and agricultural chemicals is vastly enhanced through restoration of the SOC pool to an
optimum level. Among biotic and abiotic options, SOC sequestration is a win—win strategy, with
numerous economic, environmental, and aesthetic benefits. In addition, it is the most cost-effective
option. SOC sequestration is a bridge to the future, buying time until alternative energy options,
based on noncarbon fuels, can take effect.
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For the strategy of the SOC sequestration to take effect, it is important to adopt a holistic
approach. This implies an objective assessment of hiophysical, socio-economic policy and the
human dimensions of adopting RAPs. Extension education is an important aspect of behavioral
change. Such a strategy would require a multidisciplinary and integrative approach to sustainable
management of soil, water, and vegetation resources.
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CHAPTER 4

Historical Perspective and Implications of Human
Dimensions of Ecosystem Manipulations:
Sustaining Soil Resources and Carbon Dynamics

F. P. Miller
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PERSPECTIVE AND CONTEXT

Land and its complements of soil resources, climates, water resources, flora and fauna, and
other renewable and nonrenewable natural resources are inextricably linked to the sustenance of
humankind and its level of well-being. This linkage of humans to the earth’s natural resource base
andits ecologicalprocesse¢Table 4.1) was as applicableto the earlieststagesof anthropogenic
occupancy and influence of the earth’s ecosystems as it is to contemporary nations and their
economies. The human dimensions of ecology act as major manipulators of ecosystems and drive
ecosystem changes. As the dominant occupiers of many ecosystems, human beings and their socia
conventions and values must be central to protocols and policies to mitigate environmental impacts
andsustainthoseecologicalprocesse¢Table 4.} thatundegird life andhumanacivity.

As Simpson (1999) has stated:

... humans have always been agents of profound landscape change — we are a disturbance species,
especially those societies based on agriculture and industry. We modify our surroundings to better
suit us in our quest to acquire the food and shelter necessary for our survival. We also change the
world around us to create the comforts and communities we desire. People have always manipulated
the landscape to satisfy these common physical and psychological requirements and, in so doing,
have created fundamental environmental disturbances that have exhibited striking similarities through-
out history and across cultures.

Land and its natural resource components have been the primary common capital from which
people’s sustenance and well-being have been extracted. The conversion of natural landscapes tc
people-dominated landscapes has left both environmental and cultural “footprints” or impacts.
These anthropogenic footprints range from various forms of land degradation to changes in bio-
logical diversity and landscape patterns. Among these ecological disturbances, the natural dynamics
of carbon storage and flux in land ecosystems have been significantly altered as levels of anthro-
pogenic impacts across landscapes have increased over time (Lal et al., 1998a; Lal et al., 1998b).

Indeed, natural landscapes have given way to cultural landscapes in many regions of the earth
occupied by humans. As population densities have increased across these ecosystems and as leve
of affluence increase in the developed and developing nations, the degree of humankind’s environ-
mentalimpact and footprints likewise increaseqFigures4.1 and 4.2). As Paul Kennedy(1993)
noted, the overall consensus — except for a few revisionists — is that the projected growth in
world population cannot be sustained with the current levels and patterns of resource consumption.
Thus, it does make a difference, as Kennedy points out, whether the planet contains 4 billion people,
as it did in 1975, engaged in consuming forests, draining wetlands, burning fossil fuels, polluting
rivers and oceans (and air), and ransacking the earth for ores, oil, and other raw materials vs. 8 to
9 billion, as is likely in 2025 and beyond.
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Table 4.1 Ecosystem Processes, Goods, and Services

Ecosystem “processes” include:

Sustaining solar energy flux, heat dissipation

Climate modulation

Sustaining hydrological flux, hydrological cycle, filtration and water quality

Biological diversity and productivity, plant pollination, sustaining food webs, habitats
Sustaining biogeochemical flux, mineral and gaseous cycling, storage
Decomposition, weathering, soil development-stability, carving-generating landscapes
Sustaining biological diversity

Absorbing, buffering, diluting, detoxifying pollutants—xenobiotics

Ecosystem “goods” include:

Climatic zones conducive to biological diversity and production

Food, wood, fiber, forage, wildlife

Soil and water resources, precipitation, fresh water

Natural resource base for human well-being, life-styles; building materials, energy, ores
Medicinal plants, sources of pharmaceuticals

Biological diversity, large gene pool for enhancing productivity, traits, stress resistance
Natural beauty and ammenities that support tourism and recreation

Ecosystem “services” include:

Maintenance of hydrological cycles, groundwater recharge, water balance, filtration, quality
Modulation of run-off and flooding

Regulating climate, maintaining the ecological niche for humans, flora, fauna

Biological dynamics; O, generation, CO, sequestration, atmospheric composition, quality
Maintenance of biological diversity

Pollinating crops and other plants

Generating and maintaining soils

Storing and cycling essential nutrients

Absorbing and detoxifying pollutants

Providing beauty, inspiration, and recreation

Note: Healthy ecosystems carry out a diverse array of processes that provide goods and services to
humanity. Here, goods refer to items given monetary value in the marketplace, whereas services
from ecosystems are valued, but rarely bought or sold.

Source: Modified by F.P. Miller (1999) and others from Ehrlich and Ehrlich 1991, Lubchenco et al., 1993,
and Richardson, 1994.
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Figure 4.1  Schematic sequence: land-use and sediment yield from a fixed mid-Atlantic area landscape
(Wolman, 1967).
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Figure 4.2  Mississippi River ecosystem responses (schematic) to anthropogenic impacts — “footprints.”

Changes in land use in the last few centuries have been phenomenal. Richards (1990) notes
that, in the past 300 years:

... the world’s forests and woodlands diminished by 1.2 billion ha, or 19% of the [year] 1700.
Grasslands and pastures have declined by 580 million ha, or 8% of the [year] 1700 estimate. Croplands
brought into cultivation show a net increase of 1.2 billion ha, for a 466% increase in less than three
centuries. ... agricultural expansion and depletion of forests and grasslands were greater in absolute
terms over the 30 years between 1950 and 1985 than in the 150 years between 1700 and 1850.

And yet, with all this land use reallocation and with global food production at its highest levels
within the last decade, it seems incongruous that discussions are increasingly focused on such
looming topics as food security, environmental refugees, the sustainability of agriculture, global
change, carbon sequestration, and sustainable development (Miller and Wali, 1995).

What went wrong? Quite simply, the uses of global landscapes and consumption of natural
resources have not been commensurate with the sustainability and resilience of those ecosystem
processeéTable4.1) thatundegird therernewablenaturalresourcébaseandits capacityto produce.
Ecosystems and natural resources have not been managed sustainably, i.e., within the conceptua
framework and principles of basic ecology.

The Ecological Society of America (Christensen et al., 1996) articulated this concept as follows:
“... strategies to provide ecosystem goods and services cannot take as their starting points mandatec
yield goals, timber supply, water demand, or arbitrarily set harvests of fish — instead, sustainability
must be the primary objective, levels of commodity and amenity must be adjusted to meet that goal.”

Using what is now the U.S. portion of the North American continent as a model, this chapter
will briefly trace its conversion from a largely unaltered (anthropogenically) natural ecosystem to
a highly developed nation. The implications of human domination of this vast ecosystem will be
viewed from the perspective of 1) the ecological footprints resulting from its biological (human)
invasion, 2) whether its soil resources (and by association its SOC resources) are or can be sustainec
and 3) the lessons learned for establishing an agenda to mitigate these and future impacts.
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HISTORICAL SETTLEMENT AND DEVELOPMENT OF THE U.S. PORTION
OF NORTH AMERICA

Hunter—Gatherer Societies

For more than 99% of the nearly 2 million years that humans existed on earth, they lived as
hunter—gatherers without agriculture. Buringh (1989), Pimentel (1989), and other authors (e.g.,
Clark and Haswell, 1970) estimate that the productivity of flora and fauna across various landscapes
needed to sustain a hunter—gatherer with a 2500 kcal/day food energy requirement would call for
as much as 50,000 ha per person in subarctic lands to as low as 40 ha per person for highly
productive ecosystems with ideal biodiversity.

The land requirement to sustain one hunter—gatherer under favorable to moderately favorable
environmental conditions was estimated (Clark and Haswell, 1970) to require 150 ha to 250 ha per
person. Buringh (1989) estimated that, in general, about 80 ha of land were needed to feed one
person in a hunter—gatherer society. Based on these estimates at maximum capacity in the easter:
portion of the U.S. Corn Belt, 10 million ha could sustain between 40,000 to 125,000 hunter—gatherers
in what is now the State of Ohio (ca. 10.5 million ha). But such numbers over large areas were
most likely never realized. Even as late as 1790, the Ohio area numbered only 5000 Indians
compared to about 3000 settlers (Simpson, 1999).

Origins of Agriculture

Agriculture began about 10,000 years ago in the Middle East with cultivation of crops and
animal confinement, and subsequent domestication of both plants and animals. It eventually spread
across the globe under various configurations and levels of intensity ranging from shifting cultivation
and bush-fallow (a few years of crop cultivation followed by 10 to 20 or more years of regrowth)
systems to more traditional production systems consisting of 2-year crop-fallow systems to the
more advanced continuous cropping of cereals in rotation with legumes, root crops, and grasses
(Buringh, 1989). Crude implements and rudimentary management techniques were eventually
devised by native peoples to increase productivity.

Native American Peoples

The North American continent was populated by a variety of native American Indian nations,
tribes, and subtribes. These people and their social structures often had their own languages,
customs, cultures, and art forms. Even after the origins of agriculture, most of these Indian tribes
were still nomadic, moving with the animals they depended on for their sustenance, which often
correlated with the seasons. These peoples tended to have relatively defined geographic areas withir
which they moved, with perhaps winter and summer camps where they lived.

Later the domestication and cultivation of plants during the summer months and the capacity
to store food lessened the need for seasonal or periodic movement. They still fanned out from their
compact villages to hunt and fish as well as harvest their natural resource needs such as wood anc
wood fuel, fiber, and native seasonal berries and other foods. In total, the vastness of the continent
and the low density of population resulted in relatively little large-scale disturbance of the landscape
or significant impacts upon the environment, although concentrations of people did leave local scars
on the landscape. Also their use of fire as a tool for ecosystem management was an important factor
in the subsequent biological character of woodlands and prairies affected by this recurring practice.

During the past 1500 years, some of these previously nomadic Indian nations developed very
sophisticated social, political, religious, and trade systems and organizations. In some cases, large
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cities and concentrated communities rose from the landscape, such as the Aztec empire and their
monument-centered cities in central and southern Mexico (ca. 1325-1520 AD), the Pueblo Indian-
related Anasazi cliff dweller culture in the Mesa Verde area of southwest Colorado (1100-1300 AD),
and the city of Cahokia built by the Cahokia subtribe of the lllini Indians (1000-1300 AD) along
the American bottoms and terraces on the east side of the Mississippi River in view of what is now
the city of St. Louis. Cahokia, built around a woodhenge, is the largest prehistoric Indian city north
of Mexico (ca. 20,000 people, estimated) and contains the largest prehistoric earthen mound
structure in the western hemisphere. It is estimated that the Cahokia Indians moved more than
1.4 million cubic meters of earth for several mounds constructed in Cahokia.

Except for the Aztec empire captured by Cortez and his Spanish armada in 1519-1520 AD, the
Anasazi and Cahokia cities were eventually abandoned. Evidence suggests that the concentration
of people in and around these cities exceeded the natural resource base to sustain them (Martin.
1993; Cahokia Mounds Museum Society, 1997). At the Cahokia site, there is very clear local
evidence that severe erosion and increased flooding resulted from cutting trees in the local water-
sheds. Much of the downstream cropland became buried with sediment.

Thus, in these early quasi-urban ecosystems, the combination of overgrazing and overharvesting
of trees in the watersheds and subsequent soil erosion, SOC loss, and loss of wildlife habitat
eventually contributed to the collapse of these cultures. The human propensity to extract ecosystem
goods and services without sustainable management has been and still is repeated often throughou
human history since the dawn of civilization (Hillel, 1991; Lowdermilk, 1953; Butzer, 1976).

EUROPEAN SETTLEMENT OF NORTH AMERICA

As the North American continent and its native peoples gave way to European migration into
and settlement of this vast continent, the repercussions of unsustainable ecosystem exploitation
were visited upon its perpetrators once again. This occupation of North America and subsequent
development of a new nation are unmatched in the annals of human history for the sheer magnitude
of human impact on a natural resource base of a continent and the speed with which it occurred
(Carter and Dale, 1974). As Simpson (1999) noted, nation building is a messy process.

The relatively small numbers and few concentrations of native Americans and the local impacts
of those who had been farming, at least to some extent, for several centuries, coupled with the
vastness of the land and their lifestyles’ requirement of few natural resources, left the North
American continent’s natural resources virtually intact at the time of the first European settlements.
These early settlements became the catalyst for mass migrations of Europeans to this new land.
And come they did.

What They Inherited: The Beginnings

As a testimonial to the resources these settlers inherited, the dense forests were considered ar
obstacle to agriculture even though they were utilized for fuel and timber. This timber resource
was so large that the center of the commercial lumbering industry did not move beyond western
New York until after 1850 (Sears, 1980). Between 1850 and 1910, American farmers cleared more
forest than had been cleared in the previous 250 years — about 77 million ha. This deforestation
rate amounted to an average of more than 3500 ha or 35 square kilometers every day and was
sustained for 60 years (Powell et al., 1993).

These forest and grassland resources covering hundreds of millions of ha of the area now within
U.S. borders, coupled with temperate climates and productive soils, were a fabulous prize, to say
nothing of the minerals, wildlife, and other riches that awaited their taking. It took nearly a century
after the early American settlements for European nations to become convinced of the importance
of this new land and the resource bounty its political control would insure.
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By the time of the American Revolution, a 160 km-wide strip of land from southern Maine to
Georgia had been settled, and nearly half to three quarters of this area had been cleared. The
population was less than 4 million within the entire 13 colonies (USDA, 1981). Even before the
Revolution, however, erosion was recognized as a problem (McDonald, 1941) — a disease of the
land, including its associated SOC loss, to be carried westward with the European migrations.

“Westward Ho” into the Mississippi River Basin

While the eastern seaboard and piedmont were taking more than a century (1700 to 1830) to
settle (Trimble, 1974), the westward migration had already begun to spill over the Alleghenies. By
1830, most of the better, well-drained lands east of the Mississippi River were occupied (Bennett,
1939). The push westward, however, was not uniform. Sears (1980) outlined two settlement patterns:
the movement of European farmers through the northern states into the Northern Great Plains and
prairies and the southern migration and settlement, which differed because of the culture of its
settlers and the character of the land.

The northern farmer moved westward with unrestrained destruction of native Indian culture.
Until the lands now bounded by the grain-belt states were reached and self-interest dictated better
husbandry practices, farming areas were systematically impoverished and the lands exhausted. Most
of these settlers were not first-class farmers, and for the most part, lacked an agricultural tradition
honed through the experience of previous generations. However, their considerable practical and
mechanical sense, combined with their work ethic, resulted in a brilliant record of commercial and
industrial growth (Sears, 1980).

The southern migration of Europeans west of the Alleghenies resulted in a culture quite different
from that of their northern counterparts (Sears, 1980). The gentlefolk of old England were granted
large estates, which were worked by the impoverished and the dregs of society who flooded this
new land. Also, the indentured, including many Scotch—Irish, were numerous among those who
worked these landholdings and eventually settled in the Southeast. Later, black slaves, who proved
unprofitable in the North, were found to be well-suited to the tobacco, cotton, indigo, and sugarcane
plantations of the warmer South (Sears, 1980).

A Social Tragedy

Sears (1980) also points out another circumstance destined to exact a staggering toll on ensuing
generations. The wealthy landed gentry viewed education as a luxury to be dispensed only to those
with the means to pay for it. Not only blacks, because of their status as slaves, but also poorer
whites were denied educational opportunities. Because the better lands in the South lay along the
coastal plain and the broad valleys running inland from it, these lands were occupied and controlled
by the plantation landlords. The poorer whites were relegated to lower quality lands, resulting in
their literally taking to the hills and eventually developing their own culture in the backwoods and
hollows of the Appalachians and the Ozarks (Sears, 1980).

The Frontier as a Talisman and the Impermanence Syndrome

On the southern plantations there was some sense of land stewardship, as exemplified by George
Washington and Thomas Jefferson (McDonald, 1941; Sears, 1980). But the continued export of
each harvest eventually took its toll on the soil resource and its SOC-related fertility. During
westward migrations, however, the vastness of the resource base and the open and cheap land are:
still available to the west became the settler’'s talisman and worked against a psychology of
permanence (Sears, 1980). The knowledge that these western lands were still available tended to
salve the anxiety of failure and was not conducive to fostering a conservation ethic or to promoting
a sense of stability.
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To illustrate this impermanence syndrome, Gray (1933) pointed out the tendency to deplete
land and then migrate west by stating that, “over the upland soils from Virginia to Texas the wave
of migration passed like a devastating scourge. Especially in the rolling piedmont lands the planting
of corn and cotton in hill and drill hastened erosion, leaving the hillsides gullied and bare” (p. 446).

An Ecological Tragedy and End of the Frontier

As the northern and southern migrations into the semiarid portion of the new nation continued,
the exploitation of the soil resources behind these migrations was supplemented by yet another
chapter of soil erosion: the Great Dust Bowl era. The European background of the encroaching
settlers and any experience that may have been acquired in the humid East left those who first
entered the tallgrass prairie and then the semi-arid shortgrass region unprepared. The latter
ecosystem proved the undoing of those who broke the sod. Tempted by their tradition, lured by
the bait of immediate profits, and encouraged by financial and industrial interests (Sears, 1980),
the settlers’ breaking of the sod in this region, coupled with the vagaries of its climate, triggered
one of the great ecological disasters of human history in the form of many dust storms. It was a
tragic event in American history that scarred both the land and its people. The impacts of this
Dust Bowl were felt from Texas to the Dakotas, damaging some 60 to 80 million ha of land
(Bennett, 1939).

The westward trek of humanity across the U.S. is a story of human courage, tragedies,
successes, failures, and a willingness to reach for new horizons, regardless of the motives. In the
process, a great nation was built, but not without significant deterioration and scarring of its land
resources. By 1890, nearly all of the better lands had been settled and the American frontier no
longer existed. And by the 1920s and early 1930s, American agricultural land use reached its
zenith of spatial extent.

SOIL EROSION AND SOC LOSS: A LESSON IN PHILOSOPHY, PEOPLE, AND POLICY

From the beginning of the country’s feeble settlements, soil erosion and the loss of SOC were
voluminous by-products of U.S. agriculture. It was an ecological price extracted for an exploitative
land settlement philosophy developed from basic human instincts as modified by cultural inherit-
ance. The lessons of such behavior had been etched in the earth by civilizations past, but like most
historical precedents, humankind has proved to be a slow learner.

As Madden (1974) pointed out, the settlement and development philosophy of the young nation
had two serious flaws. First, most Americans treated land as if it were indestructible and inexhaust-
ible. Second, land was treated as a commodity; its biological role as a crucial link in the web of
life was ignored. For 100 years after the U.S. gained its independence, the dominant political
philosophy was to settle the nation’s interior by encouraging the disposition of land to settlers. This
process of land disposal enabled most Americans to gain wealth and live better and dominated
early American history. Heedless and headlong land transfer to private ownership was a major
social and political force throughout the 19th century. The policies derived from these forces moved
two thirds of the land in the 48 conterminous states out of the public domain, regardless of its
capability to sustain a farm family or community.

THE SOIL CONSERVATION MOVEMENT

While attempts were made to call the abuse of land to the attention of farmers and officials,
little headway resulted until after the first conservation movement from 1890 to 1920. The chief
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reformers during this period were Gifford Pinchot and John Muir. Although Pinchot was aware of
the soil erosion problem, his primary interest as a forester was to establish the national forests
(Held and Clawson, 1965). During this period, soil conservation was neglected and soil conservation
programs were left out of U.S. Department of Agriculture (USDA) programs. John Muir was a
preservationist promoting a national park system.

Then, in 1928, an increasingly prominent crusader for soil conservation, Hugh Hammond
Bennett, pointed out in a USDA circular entitl8dil Erosion A National Menag@ennett and
Chapline, 1928) that the problem affected everyone, not just farmers. Bennett's continued
emphasis on this theme (e.g., Bennett, 1928) made him an effective proponent for conservation.
Bennett was to soil conservation what Pinchot and Muir were to the national forests and parks,
respectively. It is difficult to overestimate his influence in bringing about a national soil-
conservation consciousness and program.

Eventually, through Bennett's leadership, the Soil Erosion Service was formed in 1933 to carry
out conservation programs financed by the Public Works Administration in the Great Depression
era. This temporary agency was housed in the Department of Interior under the direction of Bennett
and later transferred to USDA. Subsequently, the visual acuity of and the national alarm over the
Dust Bowl, along with Bennett's continued prodding, set the stage for Congress to pass the Soil
Conservation Act in 1935. This act declared soil erosion to be a national menace and established
the soil conservation program and an agency (Soil Conservation Service) on a permanent basis.
After nearly 200 years, the people of the U.S., through their Congress, took responsibility for
addressing the issue of protecting the nation’s soil and land resources.

SOIL EROSION AND SOC LOSS IN THE U.S.: A SUBJECTIVE ASSESSMENT

The magnitude of environmental deterioration, including soil erosion and SOC loss, on the U.S.
portion of the North American continent prior to the 1930s is not well documented. Evidence of
this environmental impact is largely subjective, soil-focused, and given in historic accounts, often
detailed and graphically eloquent, but seldom quantitatively comprehensive in geographic extent,
time frame, or degree of damage.

Early Assessments: 1850-1930

In the 1800s and early 1900s, numerous state and federal bulletins, reports, and other
publications, along with many private accounts, detailed the impacts of soil erosion on various
segments of land. The commentary of various witnesses to the erosive demise of many landscapes
provides a unique description of ecological degradation as seen through the eyes of those who
experienced it. Such accounts expressed disgust and the realization that man, by his own hand,
had unleashed a pillaging genie that could not be restrained and was still running amok over
once fair lands. Recorded in these accounts is an intensity of feeling and despair reserved only
to those personally affected by the immediacy of a tragedy; herein such shock has not been
tempered by either time healing the landscape or by the more muffled accounts of historians
(Miller et al., 1985).

An 1853 appraisal of Laurens County, South Carolina (Trimble, 1974), was written in apoca-
lyptic prose:

The destroying angel has visited these once fair forests and limpid
streams ... The farms, the fields ... are washed and worn into unsightly
gullies and barren slopes — everything everywhere betrays improvident
and reckless management ... (p. 54).
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Prior to the Civil War, C.C. Clay, in a speech before Congress (Gray, 1933), described soil
exhaustion in Madison County, Alabama:

In traversing that county one will ... observe fields, once fertile, now
unfenced, abandoned and covered with those evil harbingers, foxtail
and broomsedge... Indeed, a country in its infancy, where fifty years
ago, scarce a forest tree had been felled by the axe of the pioneer, is
already exhibiting the painful signs of senility and decay, apparent in
Virginia and the Carolinas (p. 446).

Even U.S. government documents of the day waxed eloquent on the erosion situation, providing
the reader with awesome analogies but few data. An example is the 1852 agricultural volume of
the Report of the U.S. Commissioner of Patents,* which reads:

Twice the quantity of rain falls in the Southern States in the course of a year than falls in England,
and it falls in one third the time ... (p. 12). Cotton has destroyed more land than earthquakes, eruptions
of burning volcanic mountains or anything else. Witness the red hills of Georgia and South Carolina
that have produced cotton till the last dying gasp of the soil forbids any further attempt at cultivation
and the land turned out to nature reminding the traveler, as he views the dilapidated country, of the
ruins of Greece ... (p. 72). And these evils to the community and to posterity, greater than could be
effected by the most powerful and malignant foreign enemies of any country, are the regular and
deliberate work of benevolent and intelligent men, of worthy citizens and true lovers of the country
(p. 386).

The Dust Bowl Era: From Dreams to “The Grapes of Wrath”

Sears (1980) quotes the owner of a large tract in the shortgrass country that had been plowed
for wheat in the 1930s:

We're through. It's worse than the papers say. Our fences are buried, the house is hidden to the eaves,
and our pasture which was kept from blowing by the grass, has been buried and is worthless now.
We see what a mistake it was to plow up all that land, but it's too late to do anything about it (p. 158).

Others were not so articulate about the problem. They simply packed their few belongings and
headed west, much as they and their predecessors had done when the water-induced erosion to th
east had rendered the land scarred and unyielding. These hardy but tragic people became the huma
pulp for Steinbeck'She Grapes of WrathThey left behind a damaged ecosystem totaling many
tens of millions of hectares.

SOIL EROSION IN THE U.S.: A QUANTITATIVE ASSESSMENT
Historical Assessment: Pre-1950

Figure 4.2 illustratesin a schematicway the historical trends for several human-induced
environmental footprints that are data-based, including the historical sediment load carried by the
Mississippi River and SOC changes in the Corn Belt portion of this basin. The first recorded
sediment samples in this basin were taken in 1838 (Keown et al., 1986).

* The following quotations were taken from three separate sources within the same reference (Report of the Commissioner
of Patents, 1853). The USDA had its origin in the U.S. Patent Office in 1837 through Henry Ellsworth’s program of
distributing seeds from abroad to farmers. In 1839, Congress appropriated $1000 to Ellsworth for gathering agricultural
statistics, conducting experiments, and distributing seeds. He eventually established an Agricultural Division within the
Patent Office which expanded its operations until 1862, when Congress established an independent USDA (Petulla, 1977).
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The most comprehensive historical assessment of erosion in the U.S. is probably best docu-
mented in Bennett's 1939 accounts. He was a soil scientist by training and traveled widely through-
out the U.S. Until the national erosion survey was conducted under his direction in the mid 1930s,
most erosion damage assessments had been based on subjective accounts, regional erosion survey
and soil surveys. Despite an educational and erosion investigation program begun in the late 1920s
by Bennett and others (Bennett and Chapline, 1928; Bennett, 1931), Bennett stated in his 1939
book that the soil erosion impact on the land area of the U.S. may never be known.

Nevertheless, the earliest and most comprehensive assessment of soil erosion in the U.S. was
the 1934 national reconnaissance erosion survey. The survey covered every county in the nation
and was carried out by Soil Erosion Service soil technologists over a 2-month period in the late
summer and early fall of 1934 (Bennett, 1935; Lowdermilk, 1935). The maps from this reconnais-
sance survey vary in scale and detail, but indicate the predominant erosion conditions; they are
preserved in the National Archives. From this survey and previous survey information and data,
it was possible to estimate the real extent and seriousness of erosion damage to the U.S. soil
resource base.

These data showed that more than half of the U.S. land area had been affected by erosion before
and during the 1930s. Excluding the 40 million ha of essentially ruined cropland, the process of
soil erosion had already damaged or was threatening more than one third of arable land (Bennett,
1939). Approximately three fourths of U.S. cropland in the 1930s was susceptible to some degree
of soil erosion.

Bennett’s “Ruined Land”

Although Bennett and others attempted to quantify the impact of erosion on soil productivity
and physical deterioration, their terminology for the soil damage classes implies a degree of
destruction and permanency of injury inappropriate to many of these lands today. Much of the
“ruined” land described by Bennett produces timber and forage today; some of it is still cultivated.
Thus the term “ruined land,” so frequently quoted from Bennett and used as an erosion classification
unit (Bennett, 1939), must be understood as a designation that, while appropriate in Bennett's day,
has lost its harshness and meaning in today’s lexicon of land capability classification. Some lands
that were severely eroded and classed as ruined in the mid 1930s remain irreparably harmed;
however, most of the land that Bennett (1939) described as ruined is or can be productive under
various levels of management (Miller et al., 1985).

Post-WWII Assessments

The next reconnaissance study after the 1934 soil erosion inventory (Bennett, 1935) was the
1945 soil and water conservation inventory (USDA, 1945). Subsequently, inventories of the nation’s
soil and water resources were conducted using more scientific and statistically reliable protocols.
A series of conservation needs inventories was initiated in the late 1950s. These soil erosion and
conservation needs assessments resulted in the conservation needs inventories (USDA, 1962;
USDA, 1971; USDA, 1978).

Subsequent inventories of the condition of the nation’s land and water resources, known as the
national resource inventories (NRI), were carried out in response to the requirements of the Soil
and Water Resources Conservation Act of 1977 (RCA). The first RCA appraisal (USDA, 1981)
was conducted for the year 1977. The second and more comprehensive RCA-NRI appraisal (USDA,
1989) reported conditions for the nation’s land as described in 1982. The 1992 and 1997 NRI
updates have been completed and released (USDA, 1994; USDA, 1999). Data collectors updated
the 1982 and 1987 databases to 1992 technology standards, enabling the Soil Conservation Service
and Natural Resources Conservation Service to produce a 10-year trend line for the nation’s natural
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resource uses, conditions, and trends. The 1997 NRI report and data are available via the internet
(USDA, 1999).

It is difficult to compare more recent inventories with the erosion estimates of the 1930s
because different survey techniques were used. To complicate the issue, even for the more recent
inventories, land uses change from one survey period to the next. Furthermore, the severity of
erosion and its effect on productivity are not uniform from one soil region to another. Agriculture
was still in transition to mechanical power and other technologies from the 1930s to the 1950s
and 1960s, thereby affecting land use and erosion potential. An indicator of the impact of the
transition during this period is the decrease in the amount of hay and forage land as the number
of draft animals declined.

Soil erosion (with its associated SOC loss) in the U.S. in 1992 averaged over 8 Mg (tons) per
ha for a total of more than 15.5 hillion Mg (tons) annually (Magleby et al., 1995). The nation’s
155 million ha of cropland and 161 million ha of rangeland together account for over 60% of total
estimated erosion. The rate of water and wind erosion on U.S. cropland has declined from 20 Mg
ha'in 1938 to about 12 Mg hein 1992. Sheet and rill erosion, although not separated from wind
erosion in the 1938 database, has declined from 19.7 MqH238 (estimated by Tweeten, 1995)
to 6.9 Mg ha' in 1992 (Magleby et al., 1995) and 6.7 Mg*ha 1995 (Tweeten, 1995), a decline
of 66% over this 57-year period.

However, despite 60 years of improvements in soil erosion control and 30+ years of increased
SOC sequestration in agricultural soils, ecosystem degradation via soil erosion and other processes
is still not ecologically sustainable for many agricultural lands. The SOC content of the nation’s
cropland soils, as epitomized by simulated models for the central corn belt, is still only about 60%
of the SOC contentat the beginning of the 20th century(Donigianet al., 1994; Figure 4.2).

Sheet-rill and wind erosion originating from U.S. cropland in 1992 (Magleby et al., 1995)
amounted to nearly 2 billion tons with an average annual erosion rate of 12.5'Md, 8acropland
that is classified as highly erodible makes up only 27% of total cropland, yet accounts for nearly
55% of the nation’s total sheet, rill, and wind erosion. Pasture, range, and forest land contribute
another 2.4 billion tons of soil erosion. U.S. cropland and rangeland account for about 40% of the
contiguous 48-state land area, but generate over 60% of the total estimated erosion from this land
base (Magleby et al., 1995).

THE COUNTRY’S ENVIRONMENTAL FOOTPRINTS: MISSISSIPPI BASIN
AS AN ECOLOGICAL MIRROR

The Basin’s Character and Stock of Soil Resources and SOC

The Mississippi River Basin can be characterized as follows (CAST, 1999):

Covers 41% of contiguous U.S.

Accounts for 36% of total U.S. runoff

Accommodates 52% of American farms

Includes 55% of U.S. agricultural land

Holds 47% of the nation’s rural population

Generates annual agricultural gross receipts approaching $100 billion
Accounts for 52% of U.S. farm receipts

The U.S. Corn Belt is located almost entirely within the Mississippi River Basin. This highly
productive ecosystem contains much of the nation’s best agricultural soils with thick “A” horizons
and relatively high SOC levels. However, their continuous cultivation over the last century, with
many soils cultivated far longer, has exacted a toll in the form of soil erosion, lost SOC, and other
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impacts. These human-induced environmental “exhausts” illustrate the human impact on the
nation’s resource base and serves as a reminder that these natural resources cannot be liquidate
indefinitely.

Anthropogenic Impacts, Ecosystem Responses, and Mitigation Options

Prior to European settlement in the Mississippi Basin, the Mississippi River, particularly below
its confluence with the Missouri River, was a naturally heavy sediment-carrying waterway due to
high rates of bank caving and some surface soil loss. As land within this huge watershed was
cleared and cultivated during the 19th and early 20th centuries, the sediment load increased
(Figure 4.2 asmore sedimentwashedfrom the landscapelueto lack of propersoil consevation
measures (Copeland and Thomas, 1992; Keown et al., 1986). At the height of soil erosion in the
1920s and 1930s, the Mississippi River sediment load reflected this ecological impact, as did SOC
decreasem the basin(Figure 4.2).

As U.S. government programs to mitigate the soil erosion problem and, by default the loss of
SOC, came on-line, the basin’s erosion rates and the river's sediment load began to level off and
then decline due to conservation practices put on the land, construction of small sediment-retention
dams on higher-order streams, and stabilization of streambanks. Also during this time, a number
of multipurpose dams were constructed on major streams in the basin, which altered the character
and flow dynamics of the Mississippi River and further reduced its sediment load. Subsequently,
a series of navigation and flood control dams was constructed in the Missouri River Basin
(1953-1967) and on the Arkansas River (1963—-1970), further reducing the sediment load discharge
to the MississippiRiver asdepictedin the secondphaseof sedimentioad reductionin Figure 4.2
(Copeland and Thomas, 1992; Keown et al., 1986). Thus, ecosystem interventions and manipula-
tions by mancaninitiate environmentalimpactsandthenmitigatethem,asreflectedin Figure 4.2

Anotherexample of ecosystenresponsdo humanimpactsis illustratedin Figure 4.1 which
shows how a Mid-Atlantic watershed north of Baltimore, Maryland, responded to changes in land
use over time using sediment discharge as the response indicator. Soil organic carbon losses mos
likely mimic the sediment discharge loads in this figure. Mitigation of these impacts has taken
many forms, from educational appeals for voluntarily changing land use practices to technical
assistance, financial incentives for cost-sharing solutions, new technologies, and, ultimately, pen-
alties and mandatory compliance for meeting certain standards of land stewardship.

MANIPULATING ECOSYSTEMS, MITIGATING IMPACTS:
A MULTIDISCIPLINARY DOMAIN

Human and Ecological Dimensions of Ecosystem Changes -— Preferences

While ecosystems respond in various ways to their manipulations, it must be remembered that
nature has no preference for its equilibrium points. Yet, many environmental responses to intended
and unintended ecosystem manipulations turn out to be negative from the human perspective. From
the perspective of ecological forces and principles that drive nature’s reactions and responses to
human-induced ecosystem manipulations (if one could personify nature), it matters not at all to
nature whether such manipulations result in soil and SOC losses, eutrophic and septic lakes, or
hypoxia conditions beyond the mouths of many large river basins. Nature adapts without any
hierarchy of what is good or bad. It is mankind who imposes these values on environmental
reactions induced by its own hand. Therefore, if these negative environmental impacts as judged
by humankind are to be mitigated successfully, then it must address technical solutions as well as
social incentives and institutions.
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The Institutional—Political Dimensions of Ecosystem Manipulations

Figure4.3illustratesthevarietyof political andindividual playersinvolvedin landusedecision-
making and ecosystem manipulations. For each individual land owner or manager, his or her goals
in using land and his or her associated value system and degree of stewardship may or may not
coincide with the interests of society or the sustainability of the environment. As population density
increases and land becomes more subdivided, problems and conflicts arise as some lands are
committed to uses commensurate with their capabilities. Furthermore, incompatible land uses occur
more frequently as people with different goals and value systems clash over how “their” lands
should be used.

In the U.S. political system, these clashes are often resolved through the court system, resulting
in much case law. Subsequently, case law is used to establish the legal thresholds and framework
for protectingboth individuals and societys interestsin land and ecosystemsln Figure 4.3, as
the density of land ownership increases, the courts tend to weigh more heavily the interests of
society vs. the interests and land ownership rights of the individual.

Mitigating Impacts of Ecosystem Manipulations Are Not
the Sole Domain of Science

Soil erosion, SOC losses, and other negative environmental impacts are not intentionally caused
by humans. They are, however, the repercussions of social behavior driven by a spectrum of
individual objectives, needs, values, and desires playing out over a matrix of ecosystems with
variable capacities for accommodating human incentives and cultural timescales not commensurate
with nature’s temporal cadence. For example, the productivity capacity of an ecosystem is governed
by its inherent natural components (e.g., soils, climate, topography, plant and animal species) as
modified by responses to technical inputs such as genetic improvements, fertilizers, tillage, drainage,
etc. But the manipulation of these ecosystems is also modified by lending institutions’ credit policies
and short-term repayment schedules, the farmer’s goals, ethic, and level of stewardship, and a host
of other factors.

The mitigation of soil erosion, SOC losses, and other environmental problems must be the domain
not only of the natural and physical sciences but also of the social sciences and humanities ranging
from economics, political science, and education to psychology, philosophy, history, and religion.
While scientists may come up with various strategies to address the negative repercussions of envi-
ronmental impacts as well as technological fixes, it is people, their cultural heritages and value systems,
as well as their social institutions (e.g, government hierarchy, lending institutions, market structure),
that will ultimately control the success or failure of adopting such strategies and technologies.

Science has, indeed, wrought wonders for agriculture. But there is the danger of relying too
heavily on science. The talisman of the early settlers was the knowledge of more and better land
to the west; the talisman of many modern farmers and others is the continued scientific development
of better production technologies coupled with a calculus of serious soil and SOC losses that differs
greatly from the sustainability thresholds proposed by soil scientists and conservationists. Thus,
carbon dynamics, like many natural processes, is as much a sociological phenomenon as a scientific
and technical problem. Without both parties at the table, mitigation may be very hard to deliver
through scientific solutions alone.

SOIL EROSION, SOC MITIGATION: BUILDING ON THE PAST

Trending Toward Rational and Sustainable Ecosystem Management

Nations are built on people’s dreams and values as much as on facts and information. Thus,
land use decisions and ecosystem manipulations are not necessarily rational processes. As societie
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Figure 4.3  Hierarchy of land-use decision-makers and managers overlying variable landscapes with differing
land-use suitability indices and hypothetical responses of SOC dynamics to land management,
1700 to 2000. (Modified and expanded from Platt, 1996.)

become more complex, population density increases, individuals begin to encroach on each other’s
freedoms and self-interests in uses of land, and environmental and life-style impacts become acute,
there comes the motivating realization that something must change. Political compromises are forged
between individuals’ rights and interests in land and the greater good for society. Evidence of these
compromises are concepts and words such as smart growth, sustainable management, ecology-base
management, etc. that have entered our lexicon. Government agencies and laws have been establishe
to assist in mitigating environmental problems and regulating ecological manipulations.
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Where The Country Has Come from

The history of soil resource management and, by default SOC management in the U.S., offers
a poignant lesson in incremental mitigation of the repercussions of unsustainable ecosystem manip-
ulations. In the early phases of this nation’'s development, little heed was paid to soil erosion, SOC
dynamics, land degradation, and natural resource depletion. Although there were individual calls
of alarm during this early period, they were drowned out by the human stampede across this
continent to grab the brass rings in this natural resource-rich land and build a new nation. As has
been noted, environmental scars began to occur with increasing frequency and extent in the
post-1850 period.

Bennett and Chapline (1928) and others began to lift their voices, using persuasion coupled
with the visual acuity of land degradation to establish finally an institutional entity (SES/SCS) in
1933-1935 from which soil-land conservation programs were launched. These initial programs
relied on educational appeals for voluntary individual stewardship coupled with various cropland
acreage reduction programs starting in 1933. Although somewhat successful, it became obvious
that appeals to this “disturbance species” and its human nature for voluntary conservation imple-
mentation would meet with limited success.

In the post-WWII period, USDA ratcheted up its financial cost-sharing for various practices to
complement its arsenal of soil conservation tools. USDA also launched a new wave of cropland
reduction programs starting with the soil bank program in 1956; the current CRP is the latest
version of this concept. As the environmental era dawned and progressed, conservation programs
began to have stronger teeth and focused more on critical areas as exemplified by conservation
compliance provisions and CRP initiative enacted in the 1985 Food Security Act. Furthermore,
farms today are subject to various state and local restrictions and penalty-based regulations.

However, as noted previously, despite much progress in reducing erosion and increasing SOC
levels(Figure 4.2, thereis along way to go to achieve ecologicalandenvironmentalsustainabiliy.

Many areas of highly erodible and moderately erodible croplands and rangelands still are not
sustainably managed. Likewise, many farm and rangeland practices and management systems ar
not ecologically sustainable with respect to soil loss, SOC dynamics, and other environmental
indicators such as hydrologic flux, water quality, and soil compaction.

WHERE TO FROM HERE?
Reaching beyond the “Low Hanging Fruit” toward Sustainability

The magnitude of soil erosion and the reduced SOC pool on U.S. cropland and rangeland,
despite much improvement, still begs the question of how to mitigate further these and other kinds
of land degradation. The nation appears to be in a near “flat-line” situation with respect to controlling
soil erosion and increasing SOC sequestration. Even the rate of agricultural productivity is decel-
erating because the “low hanging fruit” has already been plucked with respect to solving production
problems and improving plant and animal genetics. With the necessity to be competitive globally,
farmers and ranchers will continue to put more pressure on the land. The country simply must
reach beyond the low hanging fruit if the specter of ecosystem deterioration is to be stemmed,
focusing efforts toward the goal of ecosystem sustainability.

A Suggested Agenda: Heeding Lessons from History
Although all the answers required to mitigate complex issues such as soil-land degradation and

global change through such initiatives as soil erosion control and SOC sequestration strategies and
protocols are not known, it does seem clear that successful mitigation strategies oriented toward

©2002 CRC PressLLC



sustainable ecosystem management will most likely be driven more by socio-political disciplines
than by the natural sciences community. One can only lean so far on the good will of human nature
to adopt science-based technologies and practices. Voluntary appeals for individuals to adhere to
an ecological ethic, regardless of the incentives initiated to date, will simply not succeed. The forces
of economic realities, pragmatism, multiple demands upon one’s time and energy resulting in a
“tyranny of the imminent,” human limitations, and the forces of nature will simply derail the quest
for sustainability if voluntary programs are the main line of defense. Sustainability, therefore, must
involve changes in behavior, which is not the domain of the natural sciences.

As a take-home message, the following observations and suggestions are offered in the interest
of striving for ecological sustainability:

« Science-based information and mitigation strategies must be the foundation undergirding the
campaign to reach the goal of sustainability.

e The scientific community must be more unified and networked to deal with such a complex
undertaking. Whether by design or by default within the broader science community, signs still
exist of a culture of isolation, issue ownership and domination, and even discipline arrogance
regarding mitigation issues spun out of man’s unsustainable manipulations of ecosystems. Such a
culture tends to foster exclusivity, science cliques, talking only among one’s group, and competition
for limited grant funds, thus precluding broader interdisciplinarity.

« Governmental agencies must consider consolidating or networking their component specialties
and programs to address natural resource-ecosystem sustainability. Not only are such core spe-
cialties and programs fragmented among many agencies and divisions, but they are also isolated
from each other. The long-incubated culture of bureaucratic survival and stability often stymies
such partnering and networking. Neither are academic and other institutions exempt from such
behavior. As the business community has learned, survival is not an entitlement; thus, teaming
among the fragmented components enhances more visibility and leverage.

« Ecosystem degradation is driven by a complex of human behaviors and responses to external
forces. Likewise, these same human behaviors will determine whether or not the concept of
sustainability can become operational. This arena is not the domain of natural and physical
scientists, but of the social sciences and humanities. Thus, if they are not at the table when problems
are discussed, strategies are devised, and plans are proposed for mitigating problems associated
with human-induced ecosystem manipulations, the goal of sustainability is doomed to failure.

» There must be strong agency and political leadership and a will to act if mitigation strategies are
to succeed. People do not become excited or passionate about a proposed new sewage treatment
plant or issues such as soil erosion and carbon sequestration. Yes, the latter two are on the national
agenda, but so too are many other issues and priorities on the nation’s radar screen. Unless there
is an ecological catastrophe (e.g., Dust Bowl) or a mandated program, most well-meaning politi-
cians and leaders are acting rationally in not stirring a pot without a fire under it. There is no
Endangered Soil Act, Clean Soil Act, or Ecosystem Sustainability Act to bolster visibility and
legitimacy of, and funding for the cause. Yet, one cannot afford to be left at the margins of the
scientific and political communities. Thus, a compelling case must be made and agency heads
must be empowered to step up to the plate and give strong leadership to these issues. Political
leaders who can perhaps tie these initiatives to more visible and well-funded environmentally-
related issues should be supported.

« The community of scientists and their social science counterparts must be empowered with both
scientific and political legitimacy through such mechanisms and structures as a committee or forum
under one of the boards or divisions of the National Research Council (NRC), National Academy
of Science (NAS), an IPCC subpanel or task force, President's Science Advisory Council task
force, Congressional advisory panel, or other options.

* The public and some political leaders are coming to understand the connection between human
sustenance and well-being and the natural resource base and ecological processes that undergird
all of agriculture, forestry, fisheries, wildlife, and the quality of life. Scientific and other commu-
nities must “stay on message” and encourage articulate, established writers and commentators to
address this concept upon which all life is based.
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« This message must be institutionalized through the curricula of the K-16 education system, not
necessarily by courses devoted to these specific issues, but by including ecology or ecological
concepts within core curriculum subject matter such as biology, chemistry, physics, math, history,
civics, and the humanities. High school and college graduates who do not appreciate or understand
the relationship of natural resources and ecosystem processes to their sustenance and well-being
are no longer acceptable. While noble and well-intentioned, imparting knowledge and understand-
ing about agriculture and sustainable natural resource and ecosystem management through exhibits
and demonstrations at shopping malls and county fairs are not enough.

Again, mitigation of ecosystem problems, while scientifically based, will be largely driven by
the socio-political process. Unless science can provide readily adaptable technologies that, like no-
tillage and conservation tillage, fit into agricultural and natural resource management systems, the
human dimensions of ecosystem management will play the major role in mitigation strategies.

A Wild Card?

As people become better educated and more discriminating in the market place, the consumer
may ultimately drive the adoption of ecological sustainability and mitigation of carbon dynamics
and other environmental problems. Eco-labeling, certification programs for various food and fiber
production systems, and consumer rejection of certain technologies (e.g., genetically modified
foods, artificial hormones) have already begun in the developed world. The momentum for these
movements continues to increase. Producers are beginning to respond in the market place by
certifying sustainable and environmentally friendly production systems, organic foods, and other
environmentally compatible products and services. Therefore, the consumer may ultimately drive
the trend toward sustainable ecosystem management, which has already begun.

EPILOGUE

A common theme throughout this chapter has been that mitigation of environmental impacts
and sustainable management of ecosystems can only be achieved by changing people’s behavio
and value systems. This challenge, therefore, is more a social enterprise than a scientific one. Unlike
native American Indians whose culture and spirituality were intimately connected to the land,
European settlers of this land were driven by their dreams to stake out a new life carved from a
landscape that they had dominion over. Simpson (1999) notes that “ours is a landscape made by a
society devoted to individual ‘life, liberty, and property.” It was from this philosophy that the
concept of land, its natural resource base, and ecological processes became disconnected fron
people’'s dreams for quality life, sustenance, and physical well-being. Any success in mitigating
ecological footprints and using this cornucopia-like endowment of natural resources and ecosystems
in a sustainable manner can only come about by reconnecting people to the land and those ecologica
processes that undergird desired lifestyles.

Simpson (1999) captures the essence of this concept in the last lines of his book:

Reliance on rules to modify ... behavior by requiring recycling or establishing quality standards for
air and water, while important, will remain limited in effectiveness until our landscape values change.
Then those rules become formalities. Nature preserves and bioreserves, preservation and conservation,
even enlightened urban and suburban landscape planning, treat the symptoms not the cause. Only
with changed values will we be able to focus on enhancing the landscape health rather than on repairing
landscape injury. Only then will we become more fully connected to the land and better able to realize
[our own dreams and] the wonder of our world.
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