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ABSTRACT

Unlike water or air quality standards that have been established by legislation using
potential human health impact as the primary criterion, soil quality depends on the soils
primary function and its relevant environmental factors, which is much more site- and
soil specific. A properly characterized soil quality assessment system should serve as an
indicator of the soil capacity to produce safe and nutritious food, to enhance human and
animal health, and to overcome degrative processes. For our proposed example, a high
quality soil with regard to maintaining an adequate soil productivity as a food production
resources must accommodate soil and water properties, food chain, sustainability and
utilization, environment, and profitability, that (i) facilitate water transfer and
absorption, (ii) sustain plant growth, (iii) resist physical degradation of soil, (iv) produce
a safe food resources, (v) cost-effective agricultural management. Possible soil quality
indicators are identified at several levels within the framework for each of these
functions. Each indicator is assigned a priority or weight that reflects its relative
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importance using a multi-objective approach based on principles of systems to be
considered. To do this, individual scoring system is differentiated by the several levels
from low to very high category or point scoring ranging from ¢ to 10. And then weights
are multiplied and products are summed to provide an overall soil quality rating based on
several physical and chemical indicators. The framework and procedure in developing the
soil quality assessment are determined by using information collected from an alternative
and conventional farm practices in the regions. The use of an expanded framework for
assessing effects of other processes, management practices, or policy issues on soil quality
is also considered. To develop one possible form for a soil quality index, we should permit
coupling the soil characteristics with assessment system based on soil properties and
incoming and resident chemicals.. The purpose of this paper is to discuss approaches to
defining and assessing soil quality and to suggest the factors to be considered.

Key words @ Soil quality assessment, soil quality index, soil characteristics, soil
properties
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INTRODUCTION

Soil is a dynamic, living, and natural
body that plays many key roles in
terrestrial ecosystems. The components of
soil include inorganic mineral matter,
organic matter, water, gases, and living
organisms such as earthworms, insects,
bacteria, fungi, algae, etc. There is
continual interchange of molecules and ions
between the solid, liquid, and gaseous
phases that are mediated by physical,
chemical, and biological processes.

Recent interest in evaluating the quality
of our soil resources has been stimulated by
increasing awareness that soil is critically
important components of the earth's
biosphere, functioning not only in the
production of food and fiber but also in the
maintenance of local, regional, and
worldwide environmental quality. The
apparent force behind these efforts is public
recognition that it is essential to balance the
worlds finite soil resources with an ever-
increasing population and that soil resource
are as vulnerable to degradation as air or
water.

Thus, a recent call for development of a
soil quality and health index was stimulated
by the perception that human health and
welfare is associated with the quality and
health of soils (Haberern, 1992). The
rational is that a quantitative index of soil
quality may serve as an indicator of a soil
capacity for sustainable production of crops
and animals in an economically sound,

socially acceptable, and environmentally
friendly manner. These activities are
increasing public awareness that soil quality
is affected by natural and human induced
processes (Karlen et al., 1992). However, in
many areas, inferior soil management
practices continue to decrease soil quality
through erosion and to create severe off-site
damages through sediment, nutrient, and
pesticide transport and deposition.

The quality of a soil is largely defined by
soil function and represents a composite of
its physical, chemical, and biological
properties that (i) provide a medium for
plant growth, (ii) regulate and partition
water flow in the environment, and (iii)
serves as an environmental buffer in the
formation, attenuation, and degradation of
environmentally hazardous compounds. The
ability of a soil to store and transmit water
is a major factor regulating water
availability and transport of environmental
pollutants to plants.

Soil quality assessment and evaluation
may also be important for addressing
environmental problems. For example,
Cooper et al.(1985) evaluated environmental
issues associated with the U.S. food
industry and recommended the development
of methods for converting food processing
waste to energy and products to improve soil
quality. McBride et al.(1989) reported on
soil quality impacts when developing
practices for renovation of landfill leachate.
Soil quality also influences the consumer, as
shown by Salunkhe are Desai(1988), who
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reported that soil quality affected nutrient
composition of vegetables. Hornick(1992)
also identified several soil and management
factors that affect soil quality and the
nutritional quality of crops. However, an
assessment of soil quality and health is
complicated by the need to consider the
multiple functions of soil and to integrate
the physical, chemical, and biological soil

349

attributes that define soil function. (Fig 1).
Mechanical cultivation an continuous
growing of row crops resulted in excessive
loss of topsoil through wind and water
erosion. Development of saline and sodic
soils after initiation of cultivation resulted
from both inefficient irrigation techniques
and natural processes. In certain areas,
improper disposal of hazardous, recalcitrant
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Figure 1. Soil quality and health interpretative framework
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chemical pollutants contaminated soils, so
they are unsuitable for crop production or
development and pose a threat to
environmental quality and animal health.
As a result of the above, we can conclude
that the quality of many soil has declined
significantly since cultivation was initiated.

Yoder(1937) suggested that soil structure
characteristics essential for ideal tilth would
(1) offering minimum resistance to root
penetration, (ii) permitting free intake and
moderate retention of rainfall, (iii)
providing an optimum soil-air supply with
moderate gaseous exchange between soil and
atmosphere, (iv) holding to a minimum the
composition between air and water for
occupancy of pore space volume, (v)
providing maximum resistance to erosion,
(vi) facilitating placement of green manure
and organic resistance, (vii) promoting
microbiological activity, and (viii) providing
stable traction for farm implements.

As such the ability to define and assess
soil quality is essential to development,
performance, and evaluation of sustainable
land and soil management system. Two
important uses for soil classification system
to determine soil quality are (i) as a
management tool or aid for farmers, (i) as
a measure of sustainability for its
agricultural practices, and (iii) production of
a safe products with respect to a human
health.

Therefore, we need to understand the
precise information of soil physical and
chemical properties to define and

characterize the soil quality in field soils due
to the variability of the inherent soils and
the wide range of variation in soil hydraulic
properties. The primary objective is to
propose a modified soil classification for
evaluating soil quality, which reflect
environmental and economic consequernces of
alternate farming practices. This approach
is to develop multi-factor combination of
other relevant natural resource problems
and complex relationships among factors
contributing to a site-specific soil quality
index. We anticipate that this approach will
be more useful when tailored to site-specific
situations and used to quantify soil quality
changes when factors such as short-term

economics vs. long-term sustainability.
THEORETICAL BACKGROUNDS

A set of basic indicators of soil health or
quality have not been clearly defined,
largely due to the difficulty in defining and
identifying what soil quality represents and
how it can be measured. Therefore, the
basic indicators of soil quality will need to
be compared with standards for a range of
soils, climate, and management situation.
Available databases will be invaluable to
formulation of standards, critical values,
and thresholds for soil quality indicators.
Defining soil quality and reaching a
consensus with regard to the specific criteria
required for a modified soil classification
system should meet the following suitability
criteria : such as (i) encompass ecosystem
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processes and relate to process oriented
modeling, (ii) incorporate soil physical,
chemical, and biological properties and
processes, (iii) be accessible to many users
and applicable to field conditions, (iv) be
sensitive to variations in management and
climate, finally (v) where possible, be
components of existing soil data bases.
Larson and Pierce (1991) suggested that
all indicator measurement could be
combined to produce an overall measure of
soil quality, a change in quality or a change
in quality over time in response to alternate
management practices. They did not state
whether all indicator values should be
equally weighted or how they might differ
for various soil functions problems. They
have also established several goals related to
soil quality. They include (i) identifying
parameters that are measurable with
current technology, (ii) establishing criteria
or values for quantifying those parameters,
(iii) developing a structure for evaluating
soil quality for both short and long term
periods, (iv) identifying all management
components and their effects of soil quality,
and (v) evaluating existing knowledge and
research data determine appropriate
indicators and procedures for combining
them. They also proposed several physical
indicators of soil quality including
infiltration, soil texture, aggregation, soil
structure, bulk density plant root
development, drainage, permeability, water
retention, aeration available water capacity,
capillary water capacity, heat transfer,
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crusting, tilth, depth to restrictive layers,
surface roughness, and soil depth. As
chemical indicators, they proposed using
cation exchange capacity, fertility and
organic matter content.

The critical component that appears
absent from many of these investigations is
a framework for combining various
physical, chemical, and eventually biological
properties into either general or specific soil
quality indices. Within the framework, it is
essential that flexibility be provided to
accommodate differences in landscape
factors including the drainage or erosion
sequence, slope, proximity to an aquifer or
other water body, and what the potential
land use options may be.

At an international conference on the
assessment and monitoring of soil quality
(Papendick, 1991), infiltration, available
water holding capacity, and soil depth were
proposed as first-order soil physical
properties affecting soil quality, with water
stable aggregates, dispersible clay, and bulk
density verified as second-order properties.
Chemical indicators included pH, salinity,
cation exchange capacity, organic matter,
and site-specific toxicities such as heavy
metals, toxic organics, nitrate, or
radioactivity. Several biological indicators
were also discussed and are currently being
evaluated, but currently none have been
agreed on and recommended for routine
measurement.

There is general consensus that soil
quality encompasses three broad issues: (i)
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plant and biological productivity, (ii)
environmental quality, and (iii) human and
animal health. To effectively do this, two
different approaches have been proposed for
establishing reference criteria for assessing
the quality of soil : (i) conditions of the
native soil or (ii) conditions that maximize
production and environmental performance.
Thus, the following index of soil quality as
a function of six specific soil quality
elements (Eq. 1) :

SQ=(SQe, SQez, SQm, SQm. SQes, SQgs,)
(1]

where the specific soil quality elements
(SQg) are defined as follows :
SQet, =food and fiber production
SQez2, =erosivity
SQes, =irrigation water quality (surface
and groundwater)
SQe4, =air quality
SQEs, =food quality
SQes, =characteristics and behavior of
hazardous chemicals

At this equation, there is no sufficient
information to identify, with certainty, the
optimum functional relationship used to
combine the different soil quality element
shown in Eq. (1); however, one possibility
is a simple multiplicative function (Eq. (2)).

SQ=(K1SQer) (K2SQz) (K3SQxs)
(KaSQers) (KsSQgs) (KeSQes) (2)

where K=weighting coefficients.

In a manner analogues to the soil quality
element, these element may be evaluated
with regard to five specific soil functions,
which define the capacity of soil to (i)
provide a medium for plant growth and
biological activity, (i) regulate and partition
water flow through the environment, and
(iii) serve as an effective environmental
filter. These specific soil function factors
(Eq. 3) are:

SQe=f(SF1, SFz, SFs, SF4, SFs)

where SF1=ability to hold, accept, and
release water to plants, streams, and subsoil

SFz=ability to hold, accept, and release
nutrients and other chemicals

SFs=promote and sustain root growth

SFs=maintain suitable soil biotic habitat

SFs=respond to management and resist
degradation

The evaluation of each soil quality
element will take the form of a functional
relationship that describes how the five soil
functions listed above impact each of the
different soil quality elements. The rationale
for this approach is necessitated by the fact
that soil function in a duplication manner.
The next step in the process is to develop
mathematical expressions relating the five
soil functions. An example of this approach
is represented as a function of infiltration
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rate and water retention. such as:
SEi=f(Infiltration rate, Water retention)

To be practical use, this approach requires
separate evaluation for some soil functions.

CONCEPTUAL SOIL
CLASSIFICATION OF QUALITY
MODEL

We classify soil by common properties for
the purposes of systematizing knowledge
about soils and determining the processes
that control similarity within a group and
dissimilarities among groups. The numbers
of individual soils in a group are a function
of the limits one allows in the defining
properties. Thus, there are many soil series
and types at the lowest category of
classification because many restrictions are
imposed by the diagnostic properties..
Different series can be grouped together at
higher levels of classification, and these, in
turn, can be regrouped until one ends up at
the highest category with a few orders,
each with wide limits on allowable
variations in differentiating properties. In

spite of the large number of members, soils
in each order should share many properties
in common because they have been formed
under a somewhat similar set of pedogenic
processes (Table 1).

To be really wuseful,
classification has to be based on soil

however,

properties and not geological, climatic, or
vegetational properties.. Quisenberry et al.,
(1994) proposed a soil classification system
based on selected soil properties which can
be used to described water and chemical
distribution patterns through soils,
depending on surface texture, clay
mineralogy and nature of soil structure
(Table 2). The methodology of this soil
classification system are characterized as
follows : (i)Determination of horizon
(Surface and subsurface horizon), (ii)
Analysis of soil texture and structure, (iii)
Analysis of soil chemical properties (pH,
CEC, Base saturation, anions, cations, etc),
(iv) Soil hydrologic system, (v) Topography,
and (vi) Soil mineralogy (characteristics of
clay minerals).

A classification system shown above may
show variations within each units.

Table 1. Categories of the basic soil classification system

Category Distinction
Order Diagnostic horizons (Surface and subsurface horizons)
Suborder Genetic homogeneity : Moisture, Temperature, Vegetation
Great group Soil color, Ionic characteristics and contents, Soil moisture and temperature
Subgroup Whether or not the soil is typical for the great group
Family Texture, Mineralogy, Temperature and thickness
Series Soils delineation on soil maps to the interpretation
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Table 2. Summary of characteristics of the eight classes for soil classification system.

Class Characteristics

1 | Spodosols : Flow patterns dependent on properties of spodic horizon

2 |Layered sand : Unstable flow(Figuring) developing at boundaries between different sand fractions

3 Uniform sands or arigillic horizons of non-expandable clays with weak blocky structure and no
tertiary peds : Uniform or Darcian type flow, piston type displacement

4 Sand surfaces and arigillic horizons of non-expandable clays with moderate blocky structure and
primary and tertiary peds : preferential or macroflow.

5 Clay arigillic horizons of expandable clays : strong preferential flow primarily along shrink-swell
surfaces. Influenced markedly by water content.

6 Loamy surfaces and arigillic horizons of non-expandable clays with strong blocky structure and
primary peds : Strong preferential or macroflow, mostly along tertiary ped faces

7 Loamy surface and arigillic horizons of non-expandable clays with strong fine blocky structure and
no tertiary peds : Preferential flow on small scale, along primary ped faces

g Loamy surfaces with arigillic horizons of non-expandable clays with moderately blocky structure
and primary and tertiary peds : Preferential flow along tertiary ped faces

Therefore, it requires to define a criteria to
evaluate this classification scheme using
field studies which quantify the influence of
structure and texture on mobility s and
water and reactive solutes throughout soil
profiles.

To encourage soil quality evaluations,
Larson and Pierce(1991) proposed developing
a minimum data set (MDS) and suggested
using pedotransfer functions (Bouma, 1989)
to estimate those parameters if actual
measurements were not available. These
site-specific, soil quality evaluations could
be used to measure changes caused by soil
and crop management practices used to
control soil management system. Therefore,
we can assume that ion exchange capacity,
nutrient availability, total organic carbon,
labile organic C, pH, and electrolytic
conductivity as chemical indicators.

A set, of basic soil quality indicators and
soil attributes and methodologies that meet
suitability criteria are given in Table 3 and
4. Presumably this reflect the diversity in
properties and characteristics that must be
considered because of the numerous
alternative uses for the soil resource,
including production of agronomic, vegetable,
and forestry corps: disposal of agricultural
municipal, and food-processing wastes: or as
a filter to protect groundwater resources.

The major rationale for descriptive
information is to provide insight into a
definition of soil quality and health that
could be used as a basis for the
identification of a meaningful set of
analytical properties. The approach may be
summarized in the form of a first
approximation interpretative framework
that recognizes (i) the presumed need for a
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Table 3. Proposed soil physical, chemical, and biological characteristics to be induced as basic

indicators of soil quality.

Item Soil characteristics Remark
Soil texture, Water content
. ) . . . Methodology
Physical Depth of soil and rooting, Soil temperature Interpretation’
i
Soil bulk density and infiltration, Water holding capacity P
) Total Organic C and N, pH Methodology
Chemical . . . :
Electrical conductivity, Mineral N, P, and K Interpretation'
Microbial bi C and N, Respiration/biomass ratio
o 1cro. ia 1o.mass. an espiration/biomass rati Methodology
Biological Potentially mineralizable N .
. Co . , . Interpretation'
Soil respiration, Biomass C/Total organic C ratio

' The importance of standardized sampling methodologies and threshold values for interpretation of soil

quality indicators can not be over emphasized.

Table 4. Soil attributes and methodologies for measurement to be included in a minimum data

set for monitoring soil quality.

Plant-available water capacity
Soil structure and types

Soil strength
Maximum rooting depth Crop specific,
PH Glass/calomel

Electrical conductivity

Soil Attributes Methodologies
Nutrient availability Analytical soil test
Total organic C Dry or wet combustion
Labile organic C NH4-N release from hot KCI digest
Particle size Pipette or hydrometer methods

Determined in the field or from water desorption curve
Intact soil cores and field measured permeability or Ksat
Bulk density or penetration resistance

Soil Extract or soil solution itself, Conductivity meter

depth of roots or standard
electrode, pH meter

reference definition of soil quality and
health, and (ii) diagnostic soil quality and
health properties based on look, smell, and
feel descriptive properties of soil and
chemical, physical, and biological analytical
properties of soil.

Soil Conservation Service (1983) developed
the National Agricultural Land Evaluation
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and Site Assessment Handbook to determine
the quality of land for agricultural uses
under what conditions agricultural land
should or should not be converted to
nonagricultural uses for their agricultural
variability and alternative. It recognizes the
merits of the following individual methods
as it integrate them : (i) land capability
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classification that is inherent in the soils of
a given area, (ii) soil productivity from the
standpoint of soil productivity for a specified
indicator crop, (iii) soil potentials according
to a standard of performance and taking
into accounts the costs of overcoming soil
limitations plus the cost of continuing
limitations, if any exist. This methodology
is enable us to identify prime and other
important farmlands at the local level. Use
of the national criteria for definition of
prime land provides a consistent basis for
comparing local farmland with farmland in
other areas.

Any protocol designed to determine soil
quality must provide essential guidelines for
economically and environmentally
sustainable use of soil resources. For
practical soil classification of most
agricultural areas, it will be logically
impossible to establish a protocol to classify
all the descriptive and particularly
analytical diagnostic properties of the soil
quality and health of the soil and crop.
However, knowledge of the ideal protocol
may allow for more informed decisions to be
made and defined as to which properties are
to be included and which are to be ignored
while still achieving a viable experimental
program.

If a systematic protocol for the descriptive
components of the quality and health of
these systems were available, a farmer-
scientist partnership analogous to a patient
doctor collaboration on descriptive
classification would appear to be a feasible

goal. To do this we propose one approach to
facilitate identification of the critical issues
and major categories of information that
need to be gathered for development of
correlation to establish soil quality and
health as the target systems including the
plant, animal-human, water, and air
interfacing with soil. The descriptive
components are grouped into the major
sensory categories of look, feel, smell, and
tastes, and analytical components into
classical chemical, physical, biological, and
toxicological properties as shown in Fig. 1.
The most important implication of the
that all
experimental designs of soil quality and

descriptive framework is

health work should take into account all
target systems recognized as being an
integral part of soil quality and health.

Having identified critical soil functions
and potential physical and chemical
indicators that could be used to assess soil
quality relative to its ability to resist erosion
by water, it is essential to develop a
mechanism to combine the distinctly
different functions and indicators. This can
be done by using standard scoring functions
(Fig. 2) that were developed for systems
engineering problems (Wymore, 1993). A
similar approach has been used for multi-
objective problem solving by Yakowitz et al.
(1992).

Use of standard scoring functions enables
the user to convert numerical or subjective
ratings to unitless values on a 0 to 1 scale.
The procedure begins by selecting the
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Fig 2. General shapes for standard scoring functions. The upper left indicates “more is

better.” the upper right “an optimum range,” the lower left “less is better,” and the

lower right “an undesirable range.”

appropriate physical and chemical indicators
of soil quality that effect a particular
function related to soil erosion. An
appropriate scoring function (Fig.2) and
realistic baseline and threshold values for
each indicator must be established.
Information from experts, specific data
bases, or general knowledge can be used for
these processes, but for future reference or
modification, the source and reason for
selection must be documented. For example,
Lane et al. (1991) and Yakowitz et al.
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(1992) used computer simulation models to
obtain values of criteria that were
important to their problems.

All indicators affecting a particular
function are grouped together as shown in
Table 6 and assigned a relative weight
based on importance. All weights within
each level must sum to 1.0 or the decimal
equivalent of 100%. Four of the most
common shapes for scoring functions are
presented in Fig 2 and are often referred to
as more is better, less is better, an optimum
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range, and an undesirable range (Wymore,
1993). After scoring each factor, the value
is multiplied by the appropriate weight.
When all indicators for a particular function
have been scored, the user has a matrix
that can be summed to provide a soil quality
rating as related to erosion by water.

As discussed, soil quality evaluations will
most likely have to be made with regard to
specific problems. Our assessment in this
report is focused on the problem of soil
hazardous compounds. We suggest that a
similar framework could be used to develop
a soil quality index relative to other
problems, such as crop production, wind
erosion, groundwater quality, surface water
quality air quality, or food safety. After
evaluating soil quality for several problems,
a similar framework could be developed to
compute soil quality indices for numerous
problems at lower and higher scales of

Table 5 shows how soil quality
assessments might be developed to evaluate
soil quality impacts at scales. At the process
level, soil quality evaluations might focus
on specific questions with regard to
aggregate formation and stability: impacts
of crop rotation and vertical integration on
soil quality might be evaluated at the farm
policy
implications on soil quality might affect
decisions such as how to structure the long-
term management of lands; or at an

management level. national

international scale, relationships could be
developed to relate soil quality to socio-
economic problems such as expansion of
agriculture onto fragile lands in response to
increasing population. We propose that it is
possible to assess soil quality at the multiple
scales shown in Table 5, provided a
consistent framework and approach are
used. Our rationale is that evaluation of soil

evaluation. quality criteria at each level can be viewed
Table 5. Soil quality criteria at various scales of evaluation
; Causes
Scales of evaluation - - - -
Socio-economic Biophysical
Process Lack of knowledge Understanding of components
. Water entry, transmission, soil properties,
Problem Erosion by water .
Crop growth and Cropping system
. Tillage, shapes of crop
Management Farm economics )
Rooting system
Health Hazard Diversity of toxi gs | Lypesof contaminants,
e iversi oxic compounds
4 po Plant root uptake, and Degradation rate
. . Urban demand for decreased . . .
National Policy . . Soil erosion, sediment control
soil erosion
International Policy | Increasing human population | Expansion of agricultural onto fragile lands
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as an expansion or combination of factors
influencing the soil suitability for habitat of
crop growth environment. The critical
requirement for this approach is to reach
consensus on what actual measurements
will be valid, reliable, sensitive to change,
replicable at the various levels of land.
Thus, appropriate weights and priorities can
be established.

The natural system digests the animal
and plant wastes to become part of the soil.
The soil is traditionally the site for disposal
of all wastes produced from agricultural,
industrial, and other operations, because
the soil matrix is a huge biodigestion system
over millions of years. As a consequence of
the accelerating threat of pollution to the
soil environment, the role of soil receives
increasing attention due to the quantity and
variety of wastes that present a serious
potential threat to the quality of surface

and groundwater and plants as well as to
the soil itself.

Land treatment as used involves
application of hazardous industrial wastes to
the land when no crop is being grown
because of an incompatibility with
successful plant establishment and/or
economic crop production. This does not
preclude the use of the land or soil after a
period of biodegradation that would render
the remnants of the waste compatible for
plant establishment and economic
production. Therefore, the complexities of
waste-soil and natural process interactions
must be understood if land treatment is to
be an acceptable practice and develop on a
sound technical basis. However, certain
constraints are required for waste materials
and waste water to be used on land where
food and fiber plants are established and

grow productively. Some of the essential

Table 6. The essential constraint required for waste materials and wastewater to be used on land

Constraints Contents
Free of toxic properties
Plant or crop p. pe .
i Free of excessive concentrations of heavy metals
growth quality . .
Free of excessive concentrations of common salts
Loading rates Optimum loading rates to insure maximum crop yields

Land application

Energy need and additional farm practice

Amenability for biodegradation

Biodegradation rate within a reasonable period of time

C/N ratio C/N ratio of 30 or less
Benefits to crop Soil conditioning, utilization and behavior
Costs The economy of return
Health factors No health hazard to the food chain, human, or animals
Off-site pollution Susceptibility to natural condition Minimal order problem
Soil properties Soil physical, chemical, and biological properties
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constraints are as listed in Table 6. Wastes
adapted for use on cultivated land,
therefore, must classify as resources (not
waste) and fit into the ongoing agricultural
practices as well as be sufficiently beneficial
to crop production that their use will prove
economically feasible and environmentally
safe.

Although the information about soil
quality addressed the levels of our concern
associated with the spectrum of soil
environment, there are no consensus to
define and classify soils which encompasses
soil physical, chemical, biological, and
environmental aspects. Therefore, we
desperately need to develop the soil
classification system to characterize the soil
quality that can be used to standardize
evaluation guidelines at a particular sites.
This guideline may necessarily provide
production, risk-based environmental
management. It should include a detailed
database approaches for developing soil
classification system that can take into
account more complex soil conditions than
the simple soil classification both simple and
more detailed approaches which focuses on
the application of a step-by-step
methodology emphasized in the above soil
classification systems.

One of the specific proposals of this study
is to develop the flexible tool that uses the
agricultural land-specific data in a
methodology that can be applied across the
world. In Table 7, we propose a soil

evaluation system to describe the

agricultural land quality with regard to soil
properties, crop yields and quality, soil
conservation and management, socio-
economic, and safe soil environment for
agricultural practices and future uses.

Using these components to decide the soil
class level, we need to stratify each factor
and assign values and limits to each possible
condition. In most factors, maximum points
are assigned when onsite condition supports
continuation of agricultural use for a given
crop. Thus, we recommend that each factor
be stratified into conditions rated from 0 to
10. such that zero would represent the
lowest value of the particular factor and 10
would represent its best or highest value.
This factor increases in value as the amount
of land in agricultural uses increases, and
optimum size level should assigned a value
10, and the value should decreases as the
size of the land decreased. Weights ranging
from 1 to 10 should be considered for each
factor selected.

The most important factor, from a local
standpoint, should be assigned the highest
weight, not to exceed 10. The weight of
each factor is multiplied by the maximum
points for the factor. The weights must
then be adjusted so that the total maximum
number of points for all factors equals no
more than sum of total points. However,
there may be situation where determination
of each component is not possible, or where
it is desirable to make a final consideration
of the soil before the value acquisition. In
these cases certain visual indicators may be
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Table 7. A proposed soil assessment system to determine the agricultural uses of soils

Groups Factors
Soil texture, soil structure, Soil consistence, Soil color, Soil pore
Physical Soil structure and mechanical properties, Bulk density
Soil temperature and heat transfer, Plant-available water capacity
Soil Properties . So%l pH and lime .requirement,.Electrical conductivity
Chemical Soil buffer capacity and organic matter content
Ion exchange capacity and chemical reactions
. . Soil microbes and its interaction, Total and labile organic C,
Biological . . .
Rooting depth and Biodegradation rate
Yield Yield potential, Cropping system
Food Chain Quality Nutritio.na%l .sources, Toxicity _ . '
Cultivars Susceptibility to natural condition, Variety of crop species
Adaptation within a reasonable period of time
Slope gradient and its length, Complexity, Vegetation cover
s Conservation .pe & ) feeng mplexity .g ) 0
Sustainability Soil erosion and control, Depth to water restricting layer
& Management Sail conditioning, Tillage, Water resources and efficiency
Utilization Fertilit Macro-and micronutrient sources, Salinity and sodicity
i
Y Soil acidity and lime requirement
Precipitation(Intensity and durati
Climate efc1p1 : ion(Intensity u 1o'r1)
. Soil moisture and temperature regimes
Environment - .
Toxicity Variety of pesticides and heavy metals
Environmental impact, Liability of food transition
Economic analysis of nutrients mana, t
Economic Profitability o ] o ) ) gemen .
Land targeting and policy, Alternatives of land conversion

used to assign the soil quality value. These
visual and quantitative values can be
assigned as significance or degree such as
low, moderate, high, and very high for
some interval bases. And then these
significance can be calculated as point
system, which is used in scoring system.
Such these way of soil classification
method, we can identify groups of soils for
agricultural value relative to the value of
the best soils indicating that rating of soil
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classification depending on the point
calculated is the capacity of soils within
landscapes to sustain biological productivity,
maintain environmental quality, and
promote plant and animal health.

DISCUSSION

Our knowledge of soil quality is confused
by lack of an acceptable definition and
concept of what soil quality represents. Soil
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quality is (i) as vital to natural resource
management, agricultural sustainability,
and human well being as are air and water
quality, and (ii) relates to the ability of soil
to perform three functions:a medium for
plant growth, regulator of water and energy
flux in the landscape, and filter for
pollutants.

Soil quality is largely determined by the
physical, chemical, and biological
characteristics of soil as influenced by soil
tillage and cropping management systems as
modified by soil type and climate. Relative
importance of specific soil quality indicators
also depends on cropping such as crop
rotations and tillage management systems.

Both of qualitative and quantitative
determination of soil quality may be useful
for optimizing agricultural land uses and its
future plans. However, before this type of
soil assessment system can be applied to
identify the soil quality, valid, reliable,
sensitive, repeatable and accessible
indicators must be identified and a
framework for overall evaluation of soil
properties related to soil quality must be
defined and developed.

Multivariate methodology will allow us to
extract and summarize information from
different variables using many observations.
This methodology should reasonable suits
the need of this project to assess real-life
management practices on numerous soil
variables from fields across the nation. To
achieve this, this first phase of the study is
to gather enough data about soil properties

in typical systems to refine our methodology
and to sort out the effect of management
from inherent soil properties and transient
weather and environmental patterns. And
then, this methodology should be expanded
to include more farms and more farming
practices in a given area.

However, soils are also different from
region to region across the nation. It is
essential to develop and determine reliable
methods of defining and classifying the
interactive effects of cropping sequence and
tillage system on soil quality and crop
productivity: to minimize environmental
contamination and sustain groundwater
quality by developing soil management
practices that will reduce the risk of
contaminant movement to plants and
groundwater: and to reduce the risk of
environmental contamination by developing
farming systems that reduce pesticide use
and, where necessary, increase the
efficiency of soil classification system in our
agricultural practices and land remediation
purposes.

For this, we need to examine soil quality
as the capacity of a soil to function, within
ecosystem and land-use boundaries, to
sustain biological productivity, maintain or
enhance environmental quality, and
promote plant, animal, and human health.

REFERENCES

1) Bouma, J. Using soil survey data for
quantitative land evaluation. Adv. Soil.

Journal of KoSES Vo1.3. No.2 127~145. 1998



144 A=k

Sci. 9:177-213. (1989)

2) Cooper, J. L., Dostal, K, Carroad, P.A.
Report of the workshop sessions on
environmental issue. Food Tech. Inst. Of
Food technologists, Chicago, 39 : 33R-35R
(1985)

3) Gillman, C. J. National agricultural land
evaluation and site assessment handbook,
USDA, Soil Conser. Service. (1983).

4) Haberern, J. Viewpoint : A soil health
index.oil health index. J. Soil Water
Conserv. 47.6 (1992).

5) Hornick, S. B. Factors affecting the
nutritional quality of crops, Am Altern.
Agric. 7:63-67. (1992).

6) Karlen, D. L., Erbach, D. C., Kaspar,
T. S. Soil tilth: A review of past
perceptions and future needs, Soil Sci.
Soc. Am. 54 : 153-161 (1990).

7) Karlen, D. L., and Stott, D. E. A
framework for evaluating physical and
chemical indicators of soil quality, ASA
(1995).

8) Lane, L. J., Asce, M, J. Ascough, C.,
and Hakonson, E. Multiobjective decision
theory-decision support systems with
embedded simulation models. p. 445451.
In W. F. Ritter(ed.) Proc. of the 1991
National Conf. on irrigation and
Drainage, Honolulu, HI. 22-26 July 1991.
Am Soc. of Civil Eng., New York. (1991)

9) Larson, W. E. and Pierce, F. J.
Conservation and enhancement of soil
quality, IBSRAM Proc. Vol. 2 (1991).

10) Larson, W. E., and Pierce, F. J. The
dynamics of soil quality as a measure of

Journal of KoSES Vol.3. No.2 127~145. 1998

sustainable management, ASA (1995).

11) MaBride, R. A., Gordon, A. M., and
Groenevelt, P. H. Treatment of landfill
leachate by spray irrigation : An overview
of research results from Ontario,
Canada : II Soil quality for leachate
disposal, Bull. Environ. Contam. Toxicol.
42 : 518-525. (1989)

12) McBride, R. A., Gordon, A. M., and
Shrive, S. C. Estimating forest soil
quality from terrain measurements
apparent electrical conductivity, Soil Sci.
Soc. Am 54 : 290-293 (1990).

13) Papendick, R. I.(ed). International
conference on the assessment and
monitoring of soil quality. Rodale Inst.,
Emmaus, PA. (1991)

14) Quisenberry, V., Smith, W. W. A soil
classification system depending water and
solute transport. Soil. Sci. 191 : 284-292.
(1994)

15) Salunkhe, D. K., and Desai, B. B.
Effects of agricultural
handling, processing, and storage on
vegetables. p. 23-71. In E. Karmas and
R. S. Harris(ed.) Nutritinal evaluation of

practices,

food processing. Van Norstrand Reinhold,
New York. (1988)

16) Verity, G. E., and Anderson, D. W.
Soil erosion effects on soil quality and
yield. Can. J. Soil Sci. 70:471-484.
(1990)

17) Wymore, A. W. Model-based systems
engineering : An introduction to the
mathematical theory of discrete systems
and to the tricotyledon theory of system



BEHos dAE TN v EEE A% EF JE Yt HE 145

design. CRC Press. Boca Raton. FL. management. Proc. of the Water
(1993) Resources Sessions/Water Forum ‘92,
18) Yakowitz, D. S., Lane, L., Asce, J. Baltimore, MD. 2-6 Aug. Am. Soc. of

M., Stone, J. J., Heilman, P., and Civil Eng. New York. (1992)

Raton, R K. A decision support system 19) Yoder, R. E. The significance of soil
for water quality modelling. p. 188-193. structure in relation to the tilth problem.
In Water resources planning and Soil Sci. Soc. Am. (1937).

Journal of KoSES Vo1.3. No.2 127~145. 1998



