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Extended abstract

Introduction

Estimates in Iran indicate an annual loss of about one billion cubic meters of soil from the country's land
resources. Although quantifying the economic value of this volume of soil resource loss is difficult, the
fragile ecological balance of ecosystems in the country's land resources suggests that this volume of
resource loss will cause irreparable and irreversible damage to the production capacity and functioning of
these resources. A part of this soil loss is compensated for and replaced by soil formation processes, and as
long as the rate of erosion does not exceed the rate of soil formation, it is considered a natural and inevitable
process. Knowing the rate of natural replacement is necessary for monitoring changes in the quality and
quantity of this natural resource and for understanding the process of its deterioration or recovery. In
addition, soil erosion beyond its place of occurrence causes economic, biodiversity, and natural landscape
damages. The tolerable limit for this type of damage also requires its own scientific standard. On the other
hand, substantial amounts of the country's financial resources are spent annually on watershed management
measures. However, there is no quantitative regional standard for the design of these measures, nor a
practical guideline for evaluating their effectiveness of these measures. This standard, along with the rate
of soil regeneration and renewability, is known worldwide as tolerable soil erosion.

Materials and methods

In this article, the development of the concepts of tolerable erosion worldwide has been monitored, and the
developed techniques and methods have been investigated for their potential generalization and application
to the conditions of Iran. In this study, 109 domestic and international research articles were reviewed, and
a summary is provided of the evolution of the concept of tolerable soil erosion, the factors influencing the
T-value, and the methods for its calculation. Additionally, a summary of the research conducted, their
results related to tolerable erosion, and various methodologies in this field are presented.
Recommendations, research needs, and optimal strategies for estimating tolerable erosion in the country's
conditions are also presented.

Results and discussion

The concept of tolerable soil erosion used in soil conservation programs is not suitable for maintaining the
long-term indefinite productivity of agricultural lands over the long term. This is because these values are
based on incorrect assumptions about the rates of topsoil formation and mineral weathering processes. The
concept is built on two assumptions: first, that soil scientists can reliably and accurately assess the maximum
tolerable erosion rates; and second, that policymakers can objectively weigh and balance these assessments
against various interests or needs. Both assumptions should be challenged. Short-term political
considerations might require that public policies allow soil resources to be degraded gradually and
continuously to the point where they are no longer usable for agriculture. However, sustained support for
such policies must clearly take into account the quantity and quality of available information on soil
formation rates under agricultural conditions. Another point is that assessing soil erosion damages beyond
the site of erosion to facilities, infrastructures, and biological resources also requires monitoring indicators
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off-site for evaluation. Tolerable soil erosion values are crucial and should not be determined based on
incorrect and unscientific assumptions. Overall, after reviewing the proposed methods for determining
tolerable erosion, it can be concluded that the method suggested by Macedo could be appropriate for Iran's
conditions, given that the parameters examined in this method are easily accessible and, considering the
data scarcity in Iran, this method is well-suited to these conditions.

Conclusion

Given that the concept of tolerable erosion based on soil fertility and soil formation rates is insufficient,
and that the off-site effects of soil erosion should also be considered, more extensive and scientific research
in this field is necessary. Since the concept of tolerable soil loss is useful for planning soil conservation
strategies, its quantitative estimation is essential and should be performed taking into account extreme
rainfall events rather than average conditions. Therefore, research on the statistical distribution of maximum
annual soil losses in different regions of the world is necessary.
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Table 1. Definitions of tolerable soil erosion

Author(s)

Definition

Smith (1941)
Browning et al., (1947)
Stamey and Smith (1964)

Wischmeier and Smith (1978)

Roose (1996)
Skidmore (1998)

Salviano et al. (1998)

Verheijen (2009)

USDA Soil Conservation
Service (cited in Carollo et al.,

Tolerable soil erosion is defined as the maximum amount of soil loss that can occur without
reducing soil fertility or compromising the capacity to produce agricultural crops.

They were the first to define tolerable erosion as the highest rate of erosion that can occur
without adversely affecting long-term productive capacity or causing the formation of gullies.
The quantity of surface soil that can be lost without reducing crop yield, expressed as a function
of time.

The maximum rate of soil erosion that permits sustained crop production at an economically
acceptable level and on an indefinite time scale.

The amount of soil loss equal to the rate of soil formation from parent material (bedrock).
Tolerable soil erosion is defined as a mathematical function that maintains soil depth.
Tolerable soil erosion is a mathematical function that relates to the time-dependent change in
soil depth, where a minimum soil depth is required to maintain soil productivity.

The average annual soil erosion rate at which the loss of one or more soil functions (e.g.,
production, habitat, reservoir, filtering, etc.) does not occur.

The maximum rate of soil erosion that allows maintenance of a high level of agricultural crop
production economically and for an indefinite period.
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Soil production rate
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Fig. 1. Soil depth versus soil production rate (Gabet and Mudd, 2010)
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Table 2. Guidelines for determining tolerable soil loss (T) values (Li et al., 2009)

. Group 1 Group 2 Group 3
Depth to limiting layer (cm) Annual soil loss tolerance (t.ha™)
0-25 25 25 7.5
25-50 25 5.0 75
50-100 5.0 75 10.0
100-150 7.5 10.0 10.0
>150 125 125 12.5
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Table 3. Relevant weights for soil indicators (Li et al., 2009)

Functions Indicators Weights
Accommodate water entry Final infiltration rate 0.35
Water transport and retention Bulk density 0.10
Resist physical degradation Water Stable Aggregates 0.25
Resist bio-chemical degradation Organic Carbon (O.C) 0.15
Fertility status 0.15
Sustain plant growth N 0.05
P 0.05
K 0.05
Total score 1.00
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Table 4. Soil classification based on accumulated scores

Aggregated Score (Q) Soail group
0t00.33 Group 1
0.34 10 0.66 Group 2
> 0.66 Group 3
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Fig. 8. Ideas and research priorities for future studies on tolerable soil erosion (Li et al., 2009)
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