Memo
To:

Agricultural and Preservation Partners

From:

Jeffrey C. Everett, Deputy Executive Director, State Ag. Development Committee

Date:

5/2/2022

Re:

Draft Soil Protection Standards (Revised) - Request for Informal Comments

On April 19, 2021, the State Agriculture Development Committee (hereafter “SADC” or “the Committee”)
circulated a previous draft of the proposed soil protection standards to stakeholders and, partly due to informal
comments received in response, discussed a modified approach at the October 28, 2021, SADC meeting.
Pursuant to the Committee’s direction at the October 28 meeting and working in concert with the SADC’s Soil
Protection Standards subcommittee, a revised draft proposal with corresponding rule text was discussed at
the SADC’s April 28, 2022 meeting. At that meeting, the Committee approved the draft be circulated to our
partners to solicit informal comments before the package is finalized and prepared for publication in the New
Jersey Register as a formal rule proposal. Attached are the draft rules for your consideration (Attachment 1)
along with the corresponding outline of what would constitute Subchapters 25 and 25A of Chapter 76 of the
New Jersey Administrative Code (Attachment 2)
Per Attachment 3, which is the PowerPoint presentation from the aforementioned April 28 meeting, you will
see how the methodology shifted from heavy reliance on a suite of Best Management Practices (BMPs),
which landowners and easement holders felt were too complex and difficult to administer, to a more straight
forward approach that utilizes “bright-line” definitions as to what does and does not constitute “soil
disturbance.” Please let this memo briefly summarize the salient features of the proposal.
SUBCHAPTER 25. SOIL DISTURBANCE ON PRESERVED FARMLAND
§ 2:76-25.3 Definitions
This section is the foundation of the entire set of regulations, defining what is and isn’t considered soil
disturbance. Please note that the soil disturbance definition is derived in part from the attached report
(Attachment 4) produced by Rutgers for SADC and to a larger degree, various U.S. Department of
Agriculture-Natural Resources Conservation Service publications and ultimately an internationally
accepted definition adopted by ICOMANTH - the International Committee on Anthropogenic Soils. Staff
consulted with the very practitioners and scholars who developed this framework so that it was
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scientifically derived and legally defensible. Please note that the separation between “core” and “noncore” definitions will be discarded when the final rule is proposed to the New Jersey Register but in the
interim, this format serves as a teaching tool along with the use of indentations as to how the various
core definitions interact with one another. The foundation of this regulation is in fact the definitions, which
must be read in concert with one another and in so doing, prevents a lengthier regulatory construct.
§ 2:76-25.4 Exemptions
Agriculture is inherently a soil disturbing activity but obviously one that is accorded deference throughout
the proposed rule. Specifically, there are twenty-two agricultural practices we are suggesting should be
exempt from counting towards the prescribed soil disturbance limit. In addition, the opportunity for future
exemptions to be promulgated exists in order to expand beyond these intial twenty-two. Some of these
practices are further fleshed out in the Supplemental Standards (Subchapter 25A), but all are spelled out
in the Definitions section so landowners are not left wondering if a particular practice is exempt or not.
Normal tillage practices and several soil and water conservation practices are among those exemptions
explicitly listed.
§ 2:76-25.5 Allocation and limitation
This section memorializes the soil disturbance limitation agreed upon at the October SADC meeting, i.e.
a maximum limit of 12% or 4 acres, whichever is greater. It clarifies that new disturbance placed on areas
previously disturbed will not count twice, and disturbance within exception areas does not count towards
the limit.
§ 2:76-25.6 Waiver
This section memorializes the soil disturbance limitation agreed upon at the October SADC meeting for
farms with current disturbance within 50% of the prescribed 12%/4-acre limit to allow waivers to be issued
by the SADC up to a maximum limit of 15% or 6 acres, whichever is greater. It also contemplates the
requirements that need to be satisfied to be awarded a waiver bearing in mind the potential impacts of
additional disturbance to adjacent properties.
§ 2:76-25.7 Aggregation and consolidation
Aggregating disturbance or transfer/aggregation is possible as spelled out in the draft. However, it would
need to be done on contiguous preserved farms owned by the same owner.
§ 2:76-25.9 Soil rehabilitation application and certification procedures
This section contemplates properly rehabilitating disturbed soils to approximate their pre-disturbance
condition. The affected areas will no longer count towards the soil disturbance limit upon such successful
rehabilitation. Staff consulted with one of the leading authorities on soil rehabilitation to ground the
regulation in well-developed scientific theory and practice. The section was bifurcated between
application and certification procedures, with Appendix A serving as the technical standards.
§ 2:76-25.10 Baseline mapping and monitoring
This section relates to the SADC’s partnership with Rowan University to map disturbance on all 2,700+
preserved farms. Namely, it is proposed that those baseline disturbance maps be sent to all landowners
once the rule is adopted with the caveat that a site visit may be conducted upon the landowner’s request
to ground truth what is reflected in the mapping. It is imperative that landowners bring any mapping
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inaccuracies to our attention within 180 days of receiving the soil disturbance map for their property,
particularly those landowners who may be eligible for a waiver because the baseline disturbance
mapping is the source for determining whether landowners are eligible for a waiver. Staff envisions an
online mapping application be made available where landowners could zoom in and see their farms in
greater detail than a paper map can afford. This section also contemplates the documentation of future
disturbance through the auspices of standard annual monitoring visits and provides for an appeal process
if landowners disagree with disturbance mapping at any time.
§ 2:76-25.12 Request for hearing
As mentioned in the preceding paragraph, it is prudent to provide due process to landowners who may
disagree with mapping or any other disturbance determination. Because the Farmland Preservation
Program has historically relied heavily on partners, those grantees/easement holders will likewise be
accorded an opportunity to request a hearing for any action where they feel they are aggrieved.
SUBCHAPTER 25A. SUPPLEMENTAL SOIL DISTURBANCE STANDARDS
§ 2:76-25A.4 Vegetative cover standard
The Exemptions section in Subchapter 25 exempts temporary parking areas, temporary storage areas,
livestock confinement, and livestock training areas from the soil disturbance limit but only when “minimum
vegetative cover” is maintained. Minimum vegetative cover is defined in the Definitions section as
“vegetative cover of at least 70% for at least 9 months per calendar year” which borrows from the Right
to Farm agricultural management practice for equine activities. Because measuring vegetation cover
could be seen as a nebulous undertaking, Appendix A describes the step-point method, which has been
deployed since the 1950s as a tool to assist in rangeland management.
§ 2:76-25A.5 Topsoil stockpiling standard
Best practices for creating and maintaining topsoil stockpiles are described in this section. As long as the
standards are followed, topsoil stockpiles are exempted from the soil disturbance limit.
§ 2:76-25A.6 On-farm utilities construction standard
Here again, best practices are described and as long as the standards are followed, the contemplated
activity - in this instance, on-farm utilities - is exempted from the soil disturbance limit.

Request for Stakeholder Comments on this rule proposal
To consider input from partners before the promulgation of these proposed rules in the New Jersey
Register, the Committee is inviting interested parties to comment informally before the formal Register
process commences. Please submit your written comments within a 30-day review period that
concludes June 10, 2022, by electronic mail (strongly encouraged) to sadc@ag.nj.gov or, if
necessary, by U.S. Mail at the following address:

Page 3 of 4

State Agriculture Development Committee
Attn: Soil Protection Standards Comments
PO Box 330
Trenton, NJ 08625-0330
With those comments in hand, we will return to the Committee to finalize the details before a proposed
rule is sent to the Register, tentatively this summer, with adoption slated for fall. In the interim, please
do not hesitate to contact me at the above addresses or by phone at 609-984-2504. Thank you for your
attention to this matter.
Distribution list:
State Agriculture Development Committee – Members
State Board of Agriculture – Members
County Agriculture Development Boards – Administrators
Municipal PIG Program Contacts
D&R Greenway
Friends of Hopewell Valley Open Space
Hunterdon Land Trust
Lamington Conservancy
Monmouth Conservation Foundation
Montogermy Friends of Open Space
New Jersey Conservation Foundation
NJ Highlands Council
NJ Pinelands Commission
Ridge & Valley Conservancy
South Jersey Land & Water Trust
The Land Conservancy of New Jersey
The Nature Conservancy
Trust for Public Land
County Boards of Agriculture – Presidents
New Jersey Department of Agriculture – Division Directors
Rutgers Cooperative Extension
New Jersey Farm Bureau
Farm Credit East
Northeast Organic Farming Association of New Jersey
USDA Farm Service Agency
USDA Natural Resources Conservation Service
USDA Rural Development
Soil Conservation Districts
Natural Resources Conservation Service
North Jersey Resource Conservation & Development
South Jersey Resource Conservation & Development
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Original Concept - Best Management Practices
Degree of Reversibility

Land Uses

↓

Soil Effects Classifications

Cut/fill activities (includes stormwater basins)
Permanent buildings/structures
Permanent Soil Disturbance
Permanent travel lanes
("Red" Category)
Permanent livestock training areas
Permanent parking and storage areas/hardscape
Semi-permanent travel lanes
Semi-permanent livestock training areas
Semi-Permanent Soil Disturbance
Semi-permanent parking and storage areas
Agricultural water impoundments
Soil stockpiles
Geotextiles and geomembranes
Temporary structures
Temporary travel lanes
Temporary livestock training areas
Temporary parking and storage areas
Ground-mounted solar energy facilities
Cropland and pastureland
Woodland
Wetlands and streams

("Orange" Category)

Soil Protection Treatment

Must adhere to prescribed limitation.

Additional allowance obtainable if voluntarily
following Best Management Practices (BMPs).
Otherwise, considered Red Category.

Temporary Soil Disturbance
("Yellow" Category)

No limitation if voluntarily following Best
Management Practices (BMPs). Otherwise,
considered Red Category.

Soil Protection
("Green" Category)

No limitation.

Summary of SADC Meeting - October 28, 2021
Previous Approach Was Modified Based on Stakeholder Input
• Collapse 8 of the former 11 Best Management Practices (BMPs) into either
disturbance or non-disturbance categories that are governed by prescriptive
definitions instead of technical standards.
• Move 3 of the former 11 BMPs to “Supplemental Standards” because they defy
treatment by way of a simplistic definition.
• Include Rehabilitation Standards for disturbed soil, which if adhered to, would
remove that acreage from counting towards the disturbance limit.

Revised Prescriptive Approach

Summary of Subcommittee Meeting - April 11, 2022
• Consensus reached that draft proposal meets the intent of the
October 28, 2021, SADC meeting deliberations.
• Consensus reached that draft proposal should be brought before
the full SADC.
• Consensus reached on draft regulation text (except for
disturbance aggregation).

Exemptions - Unqualified and Qualified*
1. Cranberry bogs/beds

12.Solar panels

2. Deep tillage

13.Temporary geomembranes

3. Existing open ditches

14.Temporary ground protection mats

4. Existing agricultural water impoundments 15.Temporary movable structures
5. Geotextile fields

16.Temporary parking areas

6. Hoophouses

17.Temporary storage areas

7. Normal tillage

18.Temporary tents

8. Nominal smoothing

19.Topsoil stockpiles

9. On-farm utilities
10.Organic mulch

20.Underground drainage systems

11.Rehabilitated soils

22.Vegetated livestock areas

21.Unimproved travel lanes

*Do not count as disturbance

Unqualified Exemption - Tillage-Related
“Normal Tillage” - generally accepted agricultural practices limited to the depth of the
topsoil layer for seedbed preparation and cultivation of soil including moldboard plowing,
disking, chisel plowing, hill and furrow plowing, and bed shaping.

“Deep tillage” - tillage operations below the normal tillage depth in a manner consistent
with a farm conservation plan to modify adverse physical or chemical properties of a soil
that inhibit plant growth but does not include elevation or topography change.

Unqualified Exemption - Water-Related

Underground Drainage Systems

Existing Open Ditches

Existing Ag. Water Impoundments

Cranberry Beds/Bogs

Unqualified Exemption - Temporary Use-Related

Temporary Geomembranes

Temporary Tents

Hoophouses

Temporary Movable Structures

Qualified Exemption - Temporary Parking/Storage Areas

Maintain at least 70%
vegetative cover for at least
9 months per calendar year.

Qualified Exemption - Vegetated Livestock Areas
Confinement Areas

Training Areas

Maintain at least 70% vegetative cover for at least 9 months per calendar year.

Qualified Exemption - Topsoil Stockpiles

• Topsoil movement shall only take place when soils on the site are significantly below field moisture
holding capacity to minimize soil compaction.
• Topsoil shall be removed and placed using low ground pressure equipment unless work is done from
ground protection mats or existing travel lanes.
• The side-slopes of the topsoil stockpile shall be no greater than 4 Horizontal:1 Vertical (25%) to
reduce erosion potential.

Qualified Exemption - On-Farm Utilities

L

• Complete construction activities while soil moisture is below field moisture capacity
• Use low ground pressure equipment and/or ground protection during construction.
• No mechanical or structural soil compaction prior to or during installation.

Soil Disturbance
1.

2.

3.

Soil alteration
• Cut
• Fill
Soil surfacing
• Roofs
• Pavement/gravel
Soil compaction
• Vegetative cover as a simple test

Soil Alteration (Human-Altered Human-Transported Soils*)
Human-Altered (HA) Soils
• Mixed-up soil profile
• Not from “normal tillage”
• Excavated (cut) and/or replaced

Human-Transported (HT) Soils
• Soil imported and deposited (fill)
• Purposeful transport by humans

*Soils with profound and purposeful alteration or occur on landforms with
purposeful construction or excavation and does not include soils with incidental
or unintentional surficial changes due to standard ag. practices (source: NRCS
.
Soil
Survey Manual and International Comm. on Anthropogenic Soils Circular)

Soil Surfacing
•
•

Suspended surfaces (roofs)
Ground-level surfaces (roads)

Soil Compaction
“Soil compaction” - any activity other than normal tillage that results in an increase in soil dry
bulk density above the root limiting levels or consolidation or a reduction in a soil’s capacity to
infiltrate and percolate water… unless specifically identified by the Committee as an exempt
agricultural practice.

“Bulk density” - an indicator of how well plant roots are able to extend into the soil, calculated
as the dry weight of soil divided by its volume.

Limitation
At the October 28, 2021, SADC meeting and at the April 11, 2022, Subcommittee
meeting, consensus was reached on a proposed soil disturbance limit:
• Up to 12% of the premises or 4 acres, whichever is greater, will be permitted.
• Disturbance acreage shall be rounded to three decimal places (.000) per
existing survey specs.
• Activities occurring within the footprint of areas already considered disturbed
will not be counted as additional soil disturbance
• Soil disturbance located outside the boundaries of the premises, including but
not limited to severable and non-severable exception areas, residential
exclusion areas, and any other area(s) of a farm not subject to the term and
conditions of the deed of easement, shall not count towards the limitation.

Waiver
Farms currently within 50% of the prescribed 12%/4-acre limit can apply for a waiver
for a maximum of 15% or 6 acres, whichever is greater, if certain conditions are met:
• There is no feasible and prudent alternative to a proposed project resulting in soil
disturbance on the preserved farm beyond the limitation.
• Due to an extraordinary situation of the Grantor and/or site conditions, compliance
with the limit would result in an exceptional and/or undue hardship for the Grantor
and/or would adversely impact ag. operations on the premises.
• The proposed project will not cause a direct negative impact on adjacent properties.
• The Grantor is in compliance with the farmland preservation deed of easement and
has obtained and implemented a farm conservation plan.

Aggregation and Consolidation

Aggregation can be accomplished on contiguous
preserved farms owned by the same owner provided:
• The total disturbance acreage does not exceed the
combined individual allocations for each parcel
comprising the contiguous premises.
• Each premises is permanently associated with, and
shall not be conveyed separate and apart from,
each other at any time in the future.
• A Corrective Deed of Easement reflecting the
reallocation and prohibition of further
subdivision is recorded in the land records.

Soil Rehabilitation

Baseline Mapping and Monitoring
Baseline disturbance maps will be sent to all landowners once the rule is adopted:
• A site visit may be conducted upon the
landowner’s request to ground-truth
numbers.
• Landowners need to bring any baseline
mapping inaccuracies to SADC’s attention
within 180 days of being notified,
particularly those landowners who may
be eligible for a waiver.
• The rule sets forth an appeal process if
landowners disagree with disturbance
mapping at any time.

Request for Hearing
• Provides due process to landowners who may disagree with mapping or
any other disturbance determination.
• Because the Farmland Preservation Program has historically relied heavily
on partners, those grantees/easement holders will likewise be accorded
an opportunity to request a hearing for any action where they feel they
are aggrieved.

“...the ARDA and the existing SADC regulation
have a dual purpose: to strengthen the
agricultural industry and to preserve farmland.
Both are important goals; neither is
subordinate to the other.…the approach
must be to balance farmland preservation
and strengthen the agricultural industry.”

State of New Jersey v. Quaker Valley Farms, LLC
Argued January 2, 2018
Decided August 14, 2018 (7-0 decision)

Assessment of Soil Disturbance
on Farmland
Presented to

New Jersey State Agriculture Development Committee

by
Dr. Daniel Gimenez
Daniel Kluchinski
Dr. Stephanie Murphy
Loren S. Muldowny

April, 2010

Authors
Dr. Daniel Gimenez
Associate Professor, Soil Science/Soil Physics
Department of Environmental Science
Rutgers – The State University of New Jersey
Ph.D. Soil Science/Soil Physics, University of Minnesota
M.S. Agrohydrology), Agricultural University of Wageningen (The Netherlands)
B. S. Agronomy, National University of Tucumán (Argentina)
Daniel Kluchinski
County Agent I (Professor) and Chair
Department of Agricultural and Resource Management Agents
Rutgers – The State University of New Jersey
Assistant Director
Rutgers Cooperative Extension, New Jersey Agricultural Experiment Station
M.S. Weed Science, Purdue University
B.S. Plant Science/Agronomy, Rutgers University
Dr. Stephanie Murphy
Director, Soil Testing Laboratory
Rutgers Cooperative Extension, New Jersey Agricultural Experiment Station
Instructor, Physical Properties of Soils, Soils and Water
Department of Environmental Science
Rutgers – The State University of New Jersey
Ph.D. Soil Biophysics. Michigan State University
M.S. Soil Erosion and Conservation, Purdue University
B.S. Agriculture, The Ohio State University
Loren S. Muldowny
Lab Technician, Soil Testing Laboratory
Rutgers – The State University of New Jersey, New Jersey Agricultural Experiment Station
M.S. Environmental Science, Rutgers‐The State University of New Jersey
B.S. Biochemistry, Rutgers‐The State University of New Jersey

Page 1 of 19

Assessment of Soil Disturbance on Farmland
Purpose of the Summary
This summary was produced to assist in decision‐making by the State Agriculture Development
Committee (SADC) about the impact that selected farm activities have on soil characteristics, how
negative impacts on soil properties may be remediated, and whether these activities should be
encouraged or discouraged on New Jersey preserved farmland. New Jersey’s Farmland Preservation
Program consists of the purchase of development rights to parcels of land with the intention that the land
use will henceforth be limited to agricultural and horticultural production. The land title is attached to a
deed of easement which specifies the terms of the sale, including restrictions placed on the use of the
property. Generally, non‐agricultural uses are not permitted. In addition, no activity is permitted which
would be detrimental to water conservation, erosion control, or soil conservation. Our intent is to
discuss these issues with the acknowledgement that impacts on soils differ due to site‐specific factors and
properties, and that site specific remediation practices may be needed to alleviate or mitigate any
negative impact on soil properties. We also present our findings and recommendations without
considering the extent of disturbance (acreage) or purpose for it, but acknowledge the goal of maintaining
soil quality, health and conditions that allow for current and future uses for agricultural and horticultural
production.
Literature Search Limitation and Scope
Because the scientific literature on soil degradation is vast and spans many decades, continents, and
climatic zones, the literature search used to develop this summary was limited to research on humid,
temperate zone agriculture, similar to New Jersey conditions and soils, disregarding a sizable literature
from arid and semi‐arid regions as well as tropical climate regimes. In addition to the literature review
findings, our professional expertise and opinions and common professional knowledge are the basis for
the statements and recommendation made within.
Guidance from the New Jersey State Agriculture Development Committee (SADC)
Ranking criteria are applied when land parcels are selected for the Farmland Preservation program. Part
of this ranking is a determination of the soils based on a classification system developed by the New
Jersey unit of the Natural Resources Conservation Service.
• Prime farmland is land that has the best combination of physical and chemical characteristics
(defined below) for producing food, feed, forage, fiber and oilseed crops and is also available for
these uses. It has the soil quality, growing season, and moisture supply needed to economically
produce sustained high yields of crops when treated and managed according to acceptable
farming methods, Prime Farmlands are not excessively erodible or saturated with water for a long
period of time, and they either do not flood frequently or are protected from flooding.
• Farmlands of statewide importance include those soils in land capability Class II and III that do
not meet the criteria as Prime Farmland due to erosion hazard, wetness, or susceptibility to
flooding. These soils are nearly Prime Farmland and economically produce high yields of crops
when treated and managed according to acceptable farming methods. Some may produce yields
as high as Prime Farmland if conditions are favorable.
• Farmland of local importance includes those soils that are not prime or statewide importance and
are used for the production of high value food, fiber or horticultural crops.
• Farmland is classified as unique if it is being used for special crops production.
(Source: http://www.nj.nrcs.usda.gov/technical/soils/njfarmindex.html)
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Although NJ soils are grouped into these four classifications, each individual soil’s inherent properties and
intrinsic agricultural productivity vary. Our approach in this analysis is to discuss specific management
practices that may unintentionally or purposefully degrade soil characteristics and to make
recommendation on how to remediate, when possible, any negative impacts. Any practice which results
in the land no longer being tillable, or which forces a downgrade of the soil classification to more limited
use, would make it less suitable for long‐term agricultural sustainability and is contrary to soil
conservation goals. However, soils of varying quality, or classification as listed above, will react to the
impact to different degrees and may require remediation of differing types or lengths of time to be
effective.
Soil Quality and Sustainability in Agriculture
Soil quality is defined as “the capacity of a specific kind of soil to function, within natural or managed
ecosystem boundaries, to sustain plant and animal productivity, maintain or enhance water and air
quality, and support human health and habitation” (USDA‐NRCS, 2007). Considering the focus on
function, specific functions of concern should be defined in advance when applying the concept of soil
quality. Soil quality concepts are commonly used to evaluate sustainable land management in agricultural
ecosystems, and preventing a decline in soil quality is essential to the concept of sustainability in
agriculture. By analogy to living systems, the relative condition and functioning of the soil ecosystem is
often referred to as soil “health”.
An important part of the soil quality definition is that quality is specific to each kind of soil. The quality of
a soil has two distinct aspects, inherent quality and dynamic quality. Inherent quality is use‐invariant and
represents intrinsic properties (qualities) of soils as determined by the factors of soil formation‐‐climate,
topography, biota, parent material, and time. The inherent quality of soils is often used to compare the
capabilities of one soil against another, and to evaluate the worth or suitability of soils for specific uses.
Soil Quality as Influenced by Management
In contrast with inherent soil quality, which derives from soil‐forming factors, dynamic soil quality can
vary depending on how the land is managed. Management choices affect the amount of soil organic
matter, soil structure, soil depth, water and nutrient holding capacity (USDA‐NRCS, 2007). These in turn
affect soil functions relevant to agriculture in general and to this study in particular, such as i) food and
biomass production (include physical support of plants and habitat for roots), ii) storing, filtering and
transformation of matter and energy (water, nutrients and organic matter) and iii) biological habitat and
gene pool.
Use‐dependent effects most often manifest in surface and near‐surface layers result in an increase
(aggradation), decrease (degradation) or sustained capacity of a soil to perform the functions listed
above. The soil properties considered most representative of the overall soil health or quality include:
organic matter content, soil structure, bulk density, infiltration rate, and activity of the biological
community. Collectively, management will aggrade, sustain or degrade the quality of the soil.
Management practices and uses of the land that have a positive (aggrading) effect on soil quality include
for instance those practices leading to an increase in organic matter content. On the other hand,
management practices causing compaction, erosion, or acidification have a degrading effect on soil quality
and result in an increased input to maintain plant growth; thus precluding the concept of sustainability. A
similar set of functions would apply to animal agriculture with additional functions related to waste
management.
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Soil quality can be evaluated relative to a standard or reference condition that represents the full capacity
of that soil to function for a specific use. Several systems have been developed to evaluate soil quality and
soil health, and numeric soil quality indices have been created to facilitate a comparison of one soil
against another as well as to evaluate the change in quality expected from a change in management. The
limitation that a given soil can only be compared to its own full potential, or to another soil of the same
inherent properties, remains. This is especially relevant to New Jersey soils which vary greatly in their
inherent quality from one region and physiographic province to another. Therefore, while a condensation
of soil quality into a single value may be of limited practical value, the exercise of assessing relative
change in the important soil properties can be a useful tool in guiding decisions for management. In order
to make decisions about management practices, a NRCS soil management plan could be used to assess if a
planned practice or use will significantly destroy or impair soil quality, and include a remediation plan to
restore the affected characteristic or factor.
Compaction
Soil structural integrity is always part of the minimum data set for the evaluation of soil quality, and
compaction with its damage to soil structure and/or tight packing of soil particles is the most widespread
kind of soil physical degradation across all soil textures. It is recognized as a ubiquitous problem in the
agriculture of all temperate‐zone industrialized countries. The degree and depth of the disturbance by
compaction, as well as soil type, influences whether a remedy is possible or feasible, or whether the
damage is permanent.
To the extent that soil drainage is impaired, compacted soils are relatively wet in the spring which slows
soil warming and results in delayed planting. Equipment and fuel requirements for tillage of compacted
soil are increased. Winter freezing/thawing cycles are only minimally helpful at alleviating compaction
and only near the surface. The major consequences of agronomic compaction are summarized below.
Soil structure is destroyed.
• Soil aggregates of structured soils are destroyed, and particles are re‐oriented into platy structure
(having primarily horizontal fissures) or kneaded into a high‐strength mass. Subsequent tillage
may break the mass into clods but does not restore the original structure. In coarse‐textured soils,
particles are forced into a close‐packing arrangement, and pore size distribution is
proportionately affected.
• Total pore space of the soil is decreased.
• Larger pores, which function as conduits for water, air, and roots, are preferentially destroyed,
decreasing permeability, aeration, and root growth. Not only size but also continuity of pores is
reduced.
Plant growth is negatively affected.
• Cool, wet soils (as may result from poor drainage of compacted soils) delay planting and reduce
and slow germination and crop development.
• Roots are prevented from proliferating in the topsoil and extending to the subsoil because of high
soil strength (resistance to penetration).
• Crops with limited root systems are unable to take up adequate water and nutrients and are
susceptible to induced drought, nutrient deficiencies, and aeration stress.
• Plants are stunted and display delayed development.
• Stressed plants are susceptible to disease and insect damage.
• Crop yields are reduced.
Natural hydrology is circumvented.
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•

•
•
•
•

Reduced macro‐pore‐space results in poor infiltration and can result in excess puddling and/or
increased runoff volumes and rates. Weight of construction equipment corresponding to differing
levels of compaction is not as important to infiltration rate as whether compaction occurred at all,
with compacted soil effectively acting as an impervious surface (Gregory, et al, 2006).
Increased water volume in storm drains and streams leads to flooding hazards.
Groundwater recharge is reduced along with stream base flow during dry periods.
Supply of fresh water is decreased.
Even in cases where topsoil compaction is relieved and water can infiltrate, subsoil compaction
limits internal drainage. “Perched” water in the soil profile can create anaerobic zones, presenting
further risks to roots, and increases susceptibility of topsoil to erosion.

Increased water runoff poses a water pollution hazard.
• Increased water runoff speed and volume results in increased chemical as well as biological
contaminant load to streams and other water bodies.
• Risk of soil erosion increases with increasing runoff.
• Soil particles themselves (“suspended solids”) are detrimental to water quality but also transport
nutrients (especially phosphate) which can be pollutants.
Soil compaction is not easily or rapidly remedied.
• Surface tillage treats ‐ but does not remediate ‐ surface (8‐10”) compaction.
• Tillage after compaction yields clods rather than aggregates; additional tillage is needed to break
up clods and smooth ground to create a seedbed. Broken up clods still do not function physically
or biologically like naturally formed aggregates.
• Because of tillage‐induced loss of soil strength, “loosening inevitably brings the risk of greater
subsequent compaction” (Gabriels, et al., 1997).
Biological amelioration has been used for long‐term treatment.
• Roots of grasses and deep tap‐rooted crops help penetrate compacted layer.
• Tree roots can penetrate highly compacted soil (1.6 g cm‐3 clay loam) and increase infiltration
rates under experimental conditions (Bartens et al., 2008).
• Organic matter amendments promote earthworm populations and other soil organisms, whose
activities loosen the soil and re‐create structure.
• Treatment may entail years of remediation effort and expense without a saleable crop and
reduced yields until soil conditions improve.
Compaction often reaches subsoil (12‐20” or more), beyond the reach of normal tillage operations.
• Subsoil “ripping” or deep tillage would be required to break up deep compaction, requiring special
equipment and high energy expenditure.
• Limited area is treated per pass.
• As with surface tillage, there is “risk of greater subsequent compaction”.
• Subsoil compaction is a long‐term and possibly unsolvable problem; depending on degree of
compaction, recovery may require from 3 to 9 or more years, or the damage may be permanent.
Deliberate compaction, particularly with vibratory forces, increases the depth and degree of
compaction possible.
• Maximum compaction (or optimal compaction sought by engineers of loessial silt loam can result
in density of about 105 pounds per cubic foot, about equal to 1.68 g/cm3 or 36.6% total porosity.
Compare this to “ideal” soil density for plant growth: 50% porosity, 1.32 g/cm3.
• Vibratory compaction (applying dynamic or time‐variable load) is a more “efficient” (severe)
method of compaction than static loading.
• There is no reference to attenuation time of a compacted condition for engineering purposes. The
assumption is that when done well, it will not loosen naturally‐‐it is a permanent change.
• Soil compaction for engineering purposes results in a nearly impermeable surface or layer.
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Compaction as a Continuum
An idealized soil in good agronomic condition is often depicted as having 50% of its volume occupied by
soil mineral and organic matter and 50% of its volume consisting of pore space. This pore space may be
occupied primarily by air or water or a combination of both in relative amounts depending on recent
precipitation, internal drainage, and uptake of water by plants rooted in the soil.
As illustrated in Figure 1, there is a continuum of degrees of compaction ranging from light compaction
needed to prepare a seedbed (level 1) to severe compaction designed for engineering purposes and that
would preclude plant growth without remediation practices (level 4).
Figure 1. Degrees of soil compaction often encountered in agricultural operations, ranging from mild (1) to
most severe (4).

A description of those compactions levels follow:
1. Acceptable compaction occurs after tillage and planting, where soil is pressed against the newly
planted seed. Good contact between soil and seed is important for germination, keeping soil
moisture in contact with the seed. These types of compaction are understood to be acceptable
and necessary for many types of agricultural production.
2. Compaction in the topsoil resulting from field operations beyond primary and secondary tillage.
This category of compaction is negative and unintended, but difficult to avoid. It can be partially
remedied by management options of two kinds: i) additional field operations or practices, such as
planting of cover crops and green manures for the purpose of improving soil structure, or ii)
acceptance of reduced crop yield. The extent of impact is greatly dependent on site‐specific soil
properties including soil texture, soil moisture conditions, and production practices being used.
3. Compaction that extends beyond the topsoil and into the subsoil may be beyond economically
feasible remediation, depending on the depth of the damage. In an agronomic setting, the topsoil
is the Ap horizon, and its depth is determined by the reach of conventional tillage equipment, up
to approximately 30 cm or 12 inches. Where the depth of subsoil compaction is no more than 50‐
60 cm or 20‐24 inches, possible remedies may include a lengthy rotation with deep, tap‐rooted
species in combination with the contracting of specialized subsoiling operations. Each carries a
substantial direct or opportunity cost which may make any remedy unfeasible, depending on the
value of the land in full production. Subsoil compaction is normally considered permanent
damage, and may be manifested in reduced crop yields, impeded root growth, and decreased
water percolation.
4. Deliberate compaction of soil in the context of structural engineering and slope stabilization is
more drastic still. No overlap is found between the appropriate compaction required for field
production and the engineering compaction specified for load‐bearing construction. The
literature does not consider the effects of such extreme compaction on crop yield since the context
and intent in such cases is a permanent conversion of soil as a growth medium to soil as an
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engineering medium. For instance, deep tillage is used to alleviate compaction on mined sites, but
when this practice is used for reclaiming severely compacted soils to plant forest, the return on
the investment could be neutral to negative (Sweigard et al., 2007). In agriculture enterprises, the
acreage that is converted to this state should be minimized if the objective is to maintain as much
of the preserved farmland in a productive and quality state. This limitation however may exclude
specific practices that are necessary for some types of agricultural production; our intent is to
solely discuss this from a soil quality and health standpoint.
Focus of Research on Compaction and Remediation
Research on agricultural compaction is normally undertaken to minimize it, prevent it, remediate it,
measure it, or compute yield reduction and other damages resulting from it. No research literature was
found on the subject of site remediation following intentional compaction for engineering/construction
purposes (level 4 as described above). Some literature exists on restoration of normal hydrologic
function to unpaved logging roads in forests, on remediation and restoration following military training
operations, and on remediation of utility rights of way through agricultural areas. Land reclamation
following surface mining may provide a good indication of the magnitude of the restoration required
following compaction for structural engineering purposes. This is extraordinarily costly restoration
requiring specialized equipment not normally associated with agriculture. While it may be technically
possible, in the absence of any budgetary limitation, to restore land productivity following such drastic
disturbance, it is not considered feasible given any reasonable level of expected economic return (ten‐
year‐old numbers range from $5000 to $20,000 and more per acre).
Compaction is not always recognized by the land user as a source of yield reduction. When land is
partially degraded but still producing an economic yield, the land manager will typically modify his
management to compensate for whatever is limiting to production. In many cases, rather than resulting
in a reduction of yield, compaction damage manifests in the need for increased energy use, more frequent
field operations, and higher fertilizer and water use ‐ increased inputs which would not be needed in well‐
structured soil.
Subsoil compaction, below the depth of 30 cm or 12 inches (tillage depth), is usually considered a
permanent degradation of agricultural land. The literature is full of statements that subsoil compaction
must be avoided rather than remedied. As with land restoration following strip‐mining, this may reflect
the extreme cost of restoration rather than a declaration that no remedy is physically possible. Costs of
restoration of desirable soil properties include the financial costs of soil amendments, labor, equipment,
fuel and reduced yields. In addition, natural processes that improve soil, such as biological activity, soil
aggregation, etc. depend also on time and site specific conditions that influence rates of improvement.
Specific Farm Practices
Most practices cannot be called destructive or constructive without knowledge of the impact of that
practice on the soil resource of a specific site. For example, “leveling” which did not reduce the thickness
of the topsoil could be a relatively benign operation of topsoil grooming used to increase infiltration if its
use reduces overland flow. Alternatively, “leveling” could be highly destructive, such as a situation in
which the entire topsoil horizon is penetrated or removed to match the elevation of some other point in
the level plane. For this reason we focus on the extent of the soil disturbance resulting from the practice
rather than the type of practice itself. Site‐specific knowledge is needed to determine if a practice on a
given site would cause a level of disturbance and reduction of soil quality that are incompatible with soil
conservation.
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Tillage is generally accepted as a routine and acceptable agricultural practice. However, tillage usually
results in some degradation of soil quality because it breaks down soil structure, compacts soil, and
decreases certain populations of soil organisms. This must be balanced with the necessity of tilling soil to
prepare the soil for the crop. On the other hand, the necessity of tilling is over‐estimated by the farmer in
many cases, and the soil disturbance by excessive tillage (again, a matter of degree) degrades soil quality
more than necessary to grow the crop. Therefore minimization of the frequency of soil tillage (using
minimum tillage to no‐tillage practices) or the use of less destructive implements (moldboard or chisel
plow versus rototiller) is recommended when possible.
Geotextiles are sometimes used in specialty crop production systems in New Jersey; and little if any
information is available regarding their effects on biological/microbial properties of the underlying soil.
As with the example of land leveling, it is the degree of attendant soil disturbance and not merely the use
of geotextile that determines the effect of this kind of disturbance. Factors that can be expected to relate
to effects of geotextile use on underlying soil include: relative infiltration and/or aeration/evaporation
rates; traffic loads applied, placement of gravel/stone over geotextile, and type of geotextile. Despite the
lack of specific research on the impact of geotextiles on soil properties, basic concepts of soil science can
be used to deduce possible results. If used only as a weed‐blocking cover over undisturbed soils,
geotextile cover of soil might lead to a gradual reduction in soil organic matter (as oxidation occurs
without any input of organic matter from growing plants) and subsequent consequences. It might be
expected that this, and the resulting reduction in soil quality, can be remedied by removing the textile and
using practices to increase organic matter levels.
Increasing soil organic matter levels (carbon) is essential, however, it is difficult to access the rate of
accumulation with soil building practices. The amount of increase over time varies depending on the type
of management practices employed. These include reduced tillage intensity, increased crop rotation
complexity, inclusion of legumes in rotation, inclusion of winter cover crops, efficient use of fertilizers,
pesticides and irrigation, and erosion reduction (Paustian et al., 2007; West and Post, 2002), as well as
manure management, effective crop species selection (Conant et al, 2001) or the addition of non‐
traditional materials such as non‐composted municipal leaves (Heckman and Kluchinski, 2000). The rate
of organic matter accumulation, or loss, varies due to the type of management that impacted the soil
originally, the soil’s inherent properties and current status, climate and other factors. This ideally
requires in situ measurement over time to determine impacts. Carbon Management Response curves are
reported as useful tools (West et al., 2004) to estimate the loss and gain of carbon between changes in
land use, but none of the specific farm practices of concern are included in this work.
Regardless, organic matter is undoubtedly accumulating in the soil when above practices are utilized. The
organic matter values may not show significant increases for many years, but improvement in physical
soil properties such as aggregation and moisture holding can be realized. Research in New Jersey found 3
consecutive annual applications of 10 and 20 dry tons/A of municipal leaf waste increased soil organic
matter levels 0.5 to 0.7% (Heckman and Kluchinski, 2000) one year after the final application. These high
rate applications of high carbon material are atypical and suggest that green manures or cover crops use
would increase levels at a much lower rate. Therefore, organic matter levels may increase slightly over
several years but potentially could take decades of sound management. However, the benefits of any
small increase would be manifested in improvements several soil properties. Therefore it is difficult to
provide a specific time frame necessary to restore soil organic matter levels to initial or higher levels.
Seasonal use of impervious cover over undisturbed soil where the soil is being used in its existing
condition as the growth medium (high tunnel hoop houses): High tunnel usage continues to increase
throughout the country in areas where climatic crop producing limitations can be overcome, essentially
allowing for growing season extension in the spring and fall months. The construction, unlike permanent
greenhouses, does not involve the compaction or excavation of soil to build or pour concrete foundations.
Rather, wood framing is used to establish a based to which PVC tubes driven into the ground and looped
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to the opposite side of the frame are attached. Once the support structure is completed, polyethylene
greenhouse covering is attached. Our professional assessments is the main impact of this situation will be
the limitation of precipitation (presumably rainfall) infiltrating and passing through the soil. Principles of
water conservation, as well as economic motivation, will limit irrigation to what is necessary to keep the
root zone moist for plant growth and is unlikely to allow leaching to groundwater. The increased soil
temperatures may be sufficient to increase soil biological activity; this may enhance nutrient availability
but increase oxidation and loss of soil organic matter. Stormwater management may be necessary to
handle excess water attempting to infiltrate/runoff the areas surrounding the impervious structures.
Steps to remediate any negative impact on soil properties are minimal; the return to traditional
agricultural production (sans hoop house) can be easily achieved and management practices such as
introduction of organic materials into the soil will remediate any loss of soil organic matter.
Long term use of impervious cover (high tunnel hoop houses for two years or more): This situation is
between those described above and below; effects will depend on time and specific practices.
Long term impervious cover (roof) over undisturbed soil: Based on our professional assessment
and/or cited research, the potential limitations that a roof imposes on natural soil processes are the
amount and quality of sunlight, and the amount and quality of water passing through. Certain situations
(glass houses) may allow direct sunlight, while opaque roofs will allow only indirect sunlight or artificial
light underneath. Light limitation will affect plant growth and therefore organic matter addition and
microbiological population and activity in the soil. Elimination of natural precipitation from soil may or
may not have an effect, depending on other management factors. Frequent irrigation may allow similar
total amounts of water as expected in precipitation (about 40” in New Jersey), but it is likely that rarely
would the soil experience near‐saturation conditions that cause leaching through the soil profile to
groundwater. This could be expected to become a problem when/if fertilizing, as in glasshouse or hoop
house situations. Routine application of fertilizer without leaching water application can lead to salt
build‐up (salinity), another form of soil degradation not normally encountered in New Jersey’s humid
climate but common in agriculture of arid regions. Remediation steps would include the reintroduction of
organic materials to increase soil aggregation and other physical properties and biological activity.
Rainfall and irrigation, and use of soil amendments such as gypsum, would help to leach any accumulated
salts over time, most likely over several months or a year or two, depending on the level of salt
accumulation, rainfall patterns, and soil permeability and drainage.
Permanent structure and long term impervious cover with soil substantially disturbed (including
geotextile, alone, geotextile with gravel cover, or concrete foundation): When the function of a soil is
strictly an engineering media, there are wholly different sets of quality criteria. They would include
optimum water content (for compaction), compressibility, bearing capacity, shrink‐swell behavior,
strength, (etc.). The quality indicators for the engineering function are by necessity contrary to those for
the cropping (food and biomass production) and hydrology functions of soil. In particular, soil
compaction is necessary to provide a stable base for a permanent structure. For that reason, effort is
made to compact soil to the greatest degree and depth possible (and in the process, destroy naturally
developed soil structure) or to remove any of the soil that may impede providing such a base. The
densified soil underneath a permanent structure (impervious cover) may still contain organic matter, and
that content may remain relatively constant considering conditions conducive to limited decomposition
while organic matter additions are precluded by the built structure. The impervious nature of the
structure and the compaction required to build it prohibits the soil from infiltrating, filtering, and passing
precipitation to groundwater, so that all precipitation impacting the structure and the surrounding
affected soil have to be controlled by otherwise‐unnecessary stormwater devices/structures.
Geotextile and geotextile with gravel cover could actually mitigate the negative effects, but concrete
foundation “seals” the fate of the entombed soil. Recently evolving study of urban soil provides data to
predict concrete’s effects. The classification system being developed for urban soils, expanding on the
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classification systems for “natural” soils, includes “Technosols” whose development and properties are
dominated by their extensive disturbance by man (Schwartz et al. 2009). Sealing of soil by concrete,
which also occurs on farmland, qualifies a soil as a Technosol. The imperviousness of this type of
Technosol and its effects on infiltration, runoff, and water pollution is not the only effect; pH of the soil
underlying the concrete and its subsequent or concomitant effect on geochemical cycles and biological
activity (Charzynski et al., 2009) are additional factors that alter soil functions in the long term. For
example, pH approaching 8.3 negatively affects most agricultural and horticultural crops.
Remediation under these conditions would be more difficult and costly. After the removal of any
structures and debris, specialist deep‐tillage equipment requiring significant energy and time inputs may
allow for cultivation of the soil and incorporation of soil organic amendments. Over time, the status of the
soil may improve to the point where some crop yields would be expected but they would be less than
similar undisturbed soils. The primary impacts would be that the majority of the soils’ inherent
characteristics are negatively impacted and its profile would be permanently and negatively altered.
Therefore, to preserve the soil in its natural state, or to lessen the impact of such practices, the extent of
disturbance (acreage) should be limited or the purpose for it justified in a soil management plan.
Longterm impact of outdoor equine training tracks: The construction of equine training tracks may
involve grading (leveling and/or smoothing), compacting the soil base, and layering with desirable
footing material. Subsequent management includes tractor‐mount raking and rolling to eliminate
vegetation and to smooth and firm the surface. Spraying the surface with water when dry is typical to
control dust and prevent wind erosion. The effects on underlying soil would include primarily
compaction of the soil by both horse and tractor traffic. The surface soil texture is likely to be affected
when the original soil is fine‐textured or loamy; these soil types are most likely to have addition of footing
material due to requirement for rapid infiltration/permeability and susceptibility to compaction when
wet and hardness when dry (whereas sandy soil is inherently more suitable because of rapid water
infiltration/permeability and poor cohesiveness). Organic matter content of the soil will be depleted as
the original humus is oxidized and the only input is limited to the occasional manure pile. The surface of
the (non‐vegetated) track is likely to experience erosion by water during rainstorms and by wind when
dry. Turf tracks are better protected from erosive forces, but additional management requirements are
necessary to maintain the turf as a “crop” (nutrient levels, irrigation, etc.). Remediation steps would
include the reintroduction of organic materials to increase soil aggregation and other physical properties
and biological activity.
Impact of Practices on Soil Functions and Potential for Remediation
A qualitative summary of the practices discussed and their impact on selected soil functions is presented
in Table 1. The matrix can serve as an initial comparison among practices. The assessment of impact of
each practice is expected to vary with soil type and would need to be validated with either additional data
or modeling.
As outlined, there is a continuum of impacts for any soil function (Table 1). Soil under almost any
condition can be improved, but there is potential for a loss of productivity if the soil structure has been
irreparably harmed. The determination of what is “acceptable” and “unacceptable” soil disturbance can
only be established through research involving the set of practices under consideration and the soil and
climate conditions in New Jersey. Most minor to significantly negative practices can be remediated
through various cultural practices, however increasing costs (time, money) may be prohibitive and crop
yield or quality may be depressed for periods of time.
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Table 1. Summary of the relative impact of practices on selected soil functions and their potential for
remediation1
Soil Functions
Practice
Food and Biomass
Production

Storing, Filtering
Biological Habitat
and
and Gene Pool
Transformations
Limited reduction of biological activity
and of exchanges of matter and energy
with the atmosphere.

Geotextiles

Very negative (no
biomass
production)

Impervious Cover
Seasonal

Enhanced (biomass
production
augmented)

Permanent Structures

Very negative impact on all soil functions

Outdoor Equine
Training Tracks

Very negative impact on all soil functions

Limited negative or neutral impact due to
short time scale.

Potential for
Remediation2

Medium to High

Very High

Very Low

Low

1 Based on the authors’ professional judgment and experience as no specific research on the impact of the listed
practices was found in the literature review.

Potential for remediation is based on the degree of alteration of soil properties and do not consider the spatial
extent of soil modification introduced by a given practice.
2
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