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Abstract

Regenerative agriculture is a broad management approach that aims to rebuild soil function while maintaining
productive farming. Although definitions vary, commonly emphasised practices include reducing unnecessary soil
disturbance, keeping the soil covered, increasing crop diversity, maintaining living roots for more of the year,
recycling organic materials and, where appropriate, integrating livestock. These practices can influence soil organic
matter, aggregation, infiltration, erosion, nutrient cycling and biological activity. Soil restoration is not achieved by
a single technique and outcomes depend on climate, soil type, crop system and starting condition. Reduced tillage
may protect aggregates but can require changes in weed management. Cover crops add roots and residues but require
water and careful termination. Organic amendments can increase carbon and nutrients but must be applied at
agronomically appropriate rates. Regenerative systems should therefore be evaluated with measurable indicators
such as soil organic carbon, aggregate stability, infiltration, bulk density, nutrient status, biological activity and crop
yield stability. Economic performance and labour requirements are also important because practices must be
maintained over many years to influence soil properties. Regenerative agriculture is most useful when treated as an
adaptive process: farmers combine locally suitable practices, monitor results and modify the system rather than
following a fixed recipe.
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with clearly defined soil constraints and a
baseline for erosion, organic matter,
compaction, infiltration, fertility and crop
performance. Changes should be introduced
consistently so their effects can be interpreted.
Workers should know the normal range and the
signs that require attention. Monitoring can
include soil organic carbon, cover, bulk density,
infiltration, aggregate stability, yield, input use
and profitability. Trends are more useful than
isolated readings because season, production
stage and local conditions alter expected
performance. One limitation is that the term
regenerative agriculture is broad, so claims
should be tied to measurable changes rather
than labels alone. Therefore records should be
reviewed regularly and important deviations
checked by the relevant farm, veterinary,

Introduction

Regenerative  agriculture has gained
attention as farmers seek production systems
that improve rather than degrade soil resources.
The term does not have one universal
definition, but most approaches focus on
rebuilding soil physical, chemical and
biological function through changes in
cropping and residue management. Practical
implementation of introduction should start
with a clear baseline and a defined management
objective. For regenerative agriculture for
measurable restoration of soil health, priority
should be given to combining reduced
disturbance, cover, diversity, living roots and
organic recycling into a locally adapted soil-
restoration strategy. A practical plan is to begin
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technical or crop specialist. Measures that
fit available labour, infrastructure and budget
are more likely to be maintained and to produce
reliable long-term benefit.

Soil restoration is gradual. A farm with
erosion, compaction or low organic matter may
need several complementary practices and
multiple seasons before measurable change
occurs. The practical goal is to create a system
that remains productive while improving
resilience. The value of introduction also
depends on integration with the wider
production system. Management should
connect combining reduced disturbance, cover,
diversity, living roots and organic recycling into
a locally adapted soil-restoration strategy with
routine records, clear responsibilities and a
response plan. Where equipment, biological
processes or field operations are involved,
timing, maintenance and quality control matter
as much as the initial choice. Records should
show what was done and the response observed,
particularly for soil organic carbon, cover, bulk
density, infiltration, aggregate stability, yield,
input use and profitability. Evaluation should
consider productivity together with health or
soil function, labour, input use, risk and
economics. Because the term regenerative
agriculture is broad, so claims should be tied to
measurable changes rather than labels alone,
weak results should first prompt a review of
implementation and local  constraints.
Comparison with a previous season, baseline or
similar group helps separate real improvement
from normal variation. This adaptive process
allows timing, thresholds and resource use to be
refined as experience accumulates.

Minimising Unnecessary Disturbance

Frequent  intensive  tillage  breaks
aggregates, leaves soil exposed and can
Practical implementation of minimising

unnecessary disturbance should start with a
clear baseline and a defined management
objective. For regenerative agriculture for
measurable restoration of soil health, priority
should be given to reducing aggressive tillage
while maintaining seed placement, drainage,
weed control and trafficability. A practical plan
is to adjust tillage intensity gradually, use
suitable seeding equipment, manage wheel
traffic and monitor compaction rather than
applying zero tillage as a universal rule.

304

Changes should be introduced consistently so
their effects can be interpreted. Workers should
know the normal range and the signs that
require attention. Monitoring can include fuel
use, residue cover, emergence, penetration
resistance, bulk density, weeds, erosion and
yield. Trends are more useful than isolated
readings because season, production stage and
local conditions alter expected performance.
One limitation is that reduced tillage can shift
weed communities or create surface
compaction in some soils if the rest of the
system is not redesigned. Therefore records
should be reviewed regularly and important
deviations checked by the relevant farm,
veterinary, technical or crop specialist.
Measures  that fit  available labour,
infrastructure and budget are more likely to be
maintained and to produce reliable long-term
benefit.

accelerate organic-matter decomposition.
Reduced tillage or no-till can lower disturbance
and protect surface residues. The response
depends on soil texture, drainage and
machinery. The value of minimising
unnecessary disturbance also depends on
integration with the wider production system.
Management  should connect reducing
aggressive tillage while maintaining seed
placement, drainage, weed control and
trafficability with routine records, clear
responsibilities and a response plan. Where
equipment, biological processes or field
operations are involved, timing, maintenance
and quality control matter as much as the initial
choice. Records should show what was done
and the response observed, particularly for fuel
use, residue cover, emergence, penetration
resistance, bulk density, weeds, erosion and
yield. Evaluation should consider productivity
together with health or soil function, labour,
input use, risk and economics. Because reduced
tillage can shift weed communities or create
surface compaction in some soils if the rest of
the system is not redesigned, weak results
should first prompt a review of implementation
and local constraints. Comparison with a
previous season, baseline or similar group helps
separate real improvement from normal
variation. This adaptive process allows timing,
thresholds and resource use to be refined as
experience accumulates.
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Reduced tillage may increase weed-
management challenges or surface compaction
in some systems. Regenerative management
therefore focuses on minimising unnecessary
disturbance rather than treating zero tillage as a
universal rule.

Keeping Soil Covered

Mulch and crop residues protect against
raindrop impact, reduce evaporation and
moderate soil temperature. Cover crops can
provide living protection between cash crops
and contribute additional root and shoot
biomass. Practical implementation of keeping
soil covered should start with a clear baseline
and a defined management objective. For
regenerative  agriculture for measurable
restoration of soil health, priority should be
given to using residues, mulch and cover crops
to protect against erosion, evaporation and
temperature extremes. A practical plan is to
balance residue retention with livestock-feed
needs, choose cover crops suited to rainfall and
planting windows, and manage termination so
the next crop is not disadvantaged. Changes
should be introduced consistently so their
effects can be interpreted. Workers should
know the normal range and the signs that
require attention. Monitoring can include
ground cover, soil moisture, surface
temperature,  erosion, cover  biomass,
establishment and subsequent crop yield.
Trends are more useful than isolated readings
because season, production stage and local
conditions alter expected performance. One
limitation is that cover crops use water and
nutrients as well as provide benefits, making
species choice and termination timing
important in dry environments. Therefore
records should be reviewed regularly and
important deviations checked by the relevant
farm, veterinary, technical or crop specialist.
Measures that fit available labour,
infrastructure and budget are more likely to be
maintained and to produce reliable long-term
benefit.

The amount of residue that can remain on
the field depends on competing uses such as
livestock feed. Partial retention or dedicated
cover crops may be a practical compromise in
mixed farming systems. The value of keeping
soil covered also depends on integration with
the wider production system. Management
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should connect using residues, mulch and cover
crops to protect against erosion, evaporation
and temperature extremes with routine records,
clear responsibilities and a response plan.
Where equipment, biological processes or field
operations are involved, timing, maintenance
and quality control matter as much as the initial
choice. Records should show what was done
and the response observed, particularly for
ground cover, soil moisture, surface
temperature, erosion, cover  biomass,
establishment and subsequent crop yield.
Evaluation should consider productivity
together with health or soil function, labour,
input use, risk and economics. Because cover
crops use water and nutrients as well as provide
benefits, making species choice and termination
timing important in dry environments, weak
results should first prompt a review of
implementation and local  constraints.
Comparison with a previous season, baseline or
similar group helps separate real improvement
from normal variation. This adaptive process
allows timing, thresholds and resource use to be
refined as experience accumulates.

Table 1. Common regenerative agriculture principles
and soil-health effects.

Principle Potential soil-health effect

Protects aggregates and can reduce erosion

Minimise disturbance . .
and rapid organic-matter loss.

Reduces erosion, evaporation and

Maintain soil cover
temperature extremes.

Broadens root architecture, residue quality

Increase crop diversit . R .
P Y |and biological interactions.

Provides continuous rhizosphere carbon and

Maintain living roots supports soil biology.

Recycle organic
materials

Adds carbon and nutrients and supports
aggregation.

Integrate livestock
carefully

Recycles nutrients and diversifies
production when grazing is well managed.

Crop Diversity and Living Roots

Different crops support different rooting
patterns, nutrient demands and microbial
communities. Rotations that include legumes,
cereals and deep-rooted species can interrupt
pest cycles and increase the diversity of organic
inputs. Practical implementation of crop
diversity and living roots should start with a
clear baseline and a defined management
objective. For regenerative agriculture for
measurable restoration of soil health, priority
should be given to increasing rotation diversity
and the duration of active roots to support soil
structure, nutrient cycling and biological
activity. A practical plan is to include cereals,
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legumes and other functional crop types
where practical, and use cover or relay crops to
fill otherwise bare periods. Changes should be
introduced consistently so their effects can be
interpreted. Workers should know the normal
range and the signs that require attention.
Monitoring can include rotation length, root
biomass, soil cover days, nutrient use, pest
pressure, microbial activity and yield stability.
Trends are more useful than isolated readings
because season, production stage and local
conditions alter expected performance. One
limitation is that diversity should support
agronomic and market objectives; adding
species without a clear role can increase cost
and management complexity. Therefore records
should be reviewed regularly and important
deviations checked by the relevant farm,
veterinary, technical or crop specialist.
Measures  that fit  available labour,
infrastructure and budget are more likely to be
maintained and to produce reliable long-term
benefit.

Maintaining living roots for more of the
year supplies carbon to  rhizosphere
microorganisms. Cover crops, relay crops and
intercropping can extend root activity, but their
water use and termination timing must be
managed carefully in dry regions. The value of
crop diversity and living roots also depends on
integration with the wider production system.
Management should connect increasing
rotation diversity and the duration of active
roots to support soil structure, nutrient cycling
and biological activity with routine records,
clear responsibilities and a response plan.
Where equipment, biological processes or field
operations are involved, timing, maintenance
and quality control matter as much as the initial
choice. Records should show what was done
and the response observed, particularly for
rotation length, root biomass, soil cover days,
nutrient use, pest pressure, microbial activity
and yield stability. Evaluation should consider
productivity together with health or soil
function, labour, input use, risk and economics.
Because diversity should support agronomic
and market objectives; adding species without a
clear role can increase cost and management
complexity, weak results should first prompt a
review of implementation and local constraints.
Comparison with a previous season, baseline or
similar group helps separate real improvement
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from normal variation. This adaptive process
allows timing, thresholds and resource use to be
refined as experience accumulates.

Organic Matter and Nutrient Cycling

Compost, manure and crop residues add
carbon and nutrients. Organic matter improves
aggregation and water-holding capacity and
provides energy for soil organisms. However,
nutrient release from organic materials may not
match crop demand exactly. Practical
implementation of organic matter and nutrient
cycling should start with a clear baseline and a
defined  management  objective. For
regenerative  agriculture for measurable
restoration of soil health, priority should be
given to building organic matter through crop
residues, compost, manure and root inputs
while matching nutrients to crop demand. A
practical plan is to analyse or estimate
amendment nutrient content, integrate with soil
tests and fertiliser plans, and avoid repeated
over-application.

o

L T el

nitrogen gas (N,)
(78% of atmosphere)

Changes should be introduced consistently
so their effects can be interpreted. Workers
should know the normal range and the signs that
require attention. Monitoring can include
organic carbon, nutrient balance, mineral

nitrogen, phosphorus, aggregation, water
holding and crop response. Trends are more
useful than isolated readings because season,
production stage and local conditions alter
expected performance. One limitation is that
organic amendments can create nutrient loss,
salinity, weeds or pathogen risks if quality and
application rates are not controlled. Therefore
records should be reviewed regularly and
important deviations checked by the relevant
farm, veterinary, technical or crop specialist.
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Measures that fit available labour,
infrastructure and budget are more likely to be
maintained and to produce reliable long-term
benefit.

Soil testing remains necessary. Manure and
compost should be analysed or estimated so that
phosphorus and nitrogen are not applied
repeatedly  above crop  requirement.
Regenerative systems still require nutrient
budgeting. The value of organic matter and
nutrient cycling also depends on integration
with the wider production system. Management
should connect building organic matter through
crop residues, compost, manure and root inputs
while matching nutrients to crop demand with
routine records, clear responsibilities and a
response plan. Where equipment, biological
processes or field operations are involved,
timing, maintenance and quality control matter
as much as the initial choice. Records should
show what was done and the response observed,
particularly for organic carbon, nutrient
balance, mineral nitrogen, phosphorus,
aggregation, water holding and crop response.
Evaluation should consider productivity
together with health or soil function, labour,
input use, risk and economics. Because organic
amendments can create nutrient loss, salinity,
weeds or pathogen risks if quality and
application rates are not controlled, weak
results should first prompt a review of
implementation and local  constraints.
Comparison with a previous season, baseline or
similar group helps separate real improvement
from normal variation. This adaptive process
allows timing, thresholds and resource use to be
refined as experience accumulates.

Integrating Livestock Where
Appropriate

Managed grazing can recycle nutrients and
convert cover-crop biomass into animal
products. Short grazing periods followed by
adequate recovery may fit some regenerative
systems and can reduce the need for mechanical
residue management. Practical implementation
of integrating livestock where appropriate
should start with a clear baseline and a defined
management objective. For regenerative
agriculture for measurable restoration of soil
health, priority should be given to using
managed grazing to recycle nutrients and
harvest cover-crop biomass without sacrificing
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soil cover or structure. A practical plan is to
control stocking density, grazing duration and
recovery time, and avoid grazing when soil is
too wet or plants are vulnerable. Changes
should be introduced consistently so their
effects can be interpreted. Workers should
know the normal range and the signs that
require attention. Monitoring can include
residual cover, compaction, infiltration, manure
distribution, animal performance and regrowth.
Trends are more useful than isolated readings
because season, production stage and local
conditions alter expected performance. One
limitation is that poorly timed or excessive
grazing can reverse soil-health gains by
exposing soil, compacting wet fields and
reducing plant recovery. Therefore records
should be reviewed regularly and important
deviations checked by the relevant farm,
veterinary, technical or crop specialist.
Measures  that fit  available labour,
infrastructure and budget are more likely to be
maintained and to produce reliable long-term
benefit.

Poorly managed grazing can compact wet
soil, reduce cover and damage plants. Stocking
density, duration and recovery period should
therefore be adjusted to forage availability and
soil condition. The value of integrating
livestock where appropriate also depends on
integration with the wider production system.
Management should connect using managed
grazing to recycle nutrients and harvest cover-
crop biomass without sacrificing soil cover or
structure  with  routine records, clear
responsibilities and a response plan. Where
equipment, biological processes or field
operations are involved, timing, maintenance
and quality control matter as much as the initial
choice. Records should show what was done
and the response observed, particularly for
residual cover, compaction, infiltration, manure
distribution, animal performance and regrowth.
Evaluation should consider productivity
together with health or soil function, labour,
input use, risk and economics. Because poorly
timed or excessive grazing can reverse soil-
health gains by exposing soil, compacting wet
fields and reducing plant recovery, weak results
should first prompt a review of implementation
and local constraints. Comparison with a
previous season, baseline or similar group helps
separate real improvement from normal
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variation. This adaptive process allows
timing, thresholds and resource use to be
refined as experience accumulates.

Table 2. Practical indicators for tracking soil
restoration.

Indicator What it helps assess

Long-term change in soil organic matter

Soil organic carbon
and carbon storage.

Resistance of soil structure to breakdown

Aggregate stability by water or disturbance.

Ability of soil to absorb rainfall or

Infiltration rate R
irrigation.

Bulk density Compaction and pore-space condition.

Soil pH and nutrients Chemical constraints and nutrient balance.

Whether soil improvements translate into

Yield and yield stability reliable farm production.

Water, Erosion and Soil Structure

Improved ground cover and aggregation
can increase infiltration and reduce runoff.
Deep and diverse root systems create channels
that support water movement and can improve
access to subsoil moisture. Practical

implementation of water, erosion and soil
structure should start with a clear baseline and
a defined management objective.

5 v Lt N
N = !

For regenerative agriculture for measurable
restoration of soil health, priority should be
given to improving infiltration, aggregate
stability and surface protection so rainfall is
captured rather than lost as runoff. A practical
plan is to maintain cover, reduce crusting and
traffic damage, manage slopes and drainage,
and use field observations or simple infiltration
tests to identify weak areas. Changes should be
introduced consistently so their effects can be
interpreted. Workers should know the normal
range and the signs that require attention.
Monitoring can include infiltration rate, runoff,
erosion, aggregate stability, bulk density, soil
moisture and yield during dry periods. Trends
are more useful than isolated readings because
season, production stage and local conditions
alter expected performance. One limitation is
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that better infiltration is valuable only when
drainage and waterlogging risks are also
considered, particularly in heavy soils.
Therefore records should be reviewed regularly
and important deviations checked by the
relevant farm, veterinary, technical or crop
specialist. Measures that fit available labour,
infrastructure and budget are more likely to be
maintained and to produce reliable long-term
benefit.

Infiltration benefits are important but
should be measured rather than assumed. Soil
crusting, compaction layers and sodicity may
require additional interventions. Contour
farming, grassed waterways or terraces can
complement regenerative field practices on
erosion-prone land. The value of water, erosion
and soil structure also depends on integration
with the wider production system. Management
should connect improving infiltration,
aggregate stability and surface protection so
rainfall is captured rather than lost as runoff
with routine records, clear responsibilities and
a response plan. Where equipment, biological
processes or field operations are involved,
timing, maintenance and quality control matter
as much as the initial choice. Records should
show what was done and the response observed,
particularly for infiltration rate, runoff, erosion,
aggregate stability, bulk density, soil moisture
and yield during dry periods. Evaluation should
consider productivity together with health or
soil function, labour, input use, risk and
economics. Because better infiltration is
valuable only when drainage and waterlogging
risks are also considered, particularly in heavy
soils, weak results should first prompt a review
of implementation and local constraints.
Comparison with a previous season, baseline or
similar group helps separate real improvement
from normal variation. This adaptive process
allows timing, thresholds and resource use to be
refined as experience accumulates.

Measuring Soil Health

Soil health should be assessed with a group
of indicators. Organic carbon, bulk density,
aggregate stability, infiltration, pH and nutrient
status provide different information. Biological
measures such as respiration or microbial
biomass can add value when interpreted
carefully.  Practical implementation of
measuring soil health should start with a clear
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baseline and a defined management
objective. For regenerative agriculture for
measurable restoration of soil health, priority
should be given to tracking a practical group of
physical, chemical and biological indicators
rather than relying on a single soil-health score.
A practical plan is to sample consistently, use
repeatable field tests and link soil indicators
with crop yield, rooting and management
history. Changes should be introduced
consistently so their effects can be interpreted.
Workers should know the normal range and the
signs that require attention. Monitoring can
include organic carbon, bulk density, aggregate
stability, infiltration, pH, available nutrients,
biological activity and yield stability. Trends
are more useful than isolated readings because
season, production stage and local conditions
alter expected performance. One limitation is
that many indicators vary seasonally, so
comparisons should use similar timing, depth
and methods over multiple years. Therefore
records should be reviewed regularly and
important deviations checked by the relevant
farm, veterinary, technical or crop specialist.
Measures  that fit  available labour,
infrastructure and budget are more likely to be
maintained and to produce reliable long-term
benefit.

Crop yield and yield stability remain
important outcomes. A practice that improves
one soil indicator but creates persistent yield or
economic losses may not be sustainable for the
farm. Repeated measurements over time are
more useful than a single test. The value of
measuring soil health also depends on
integration with the wider production system.
Management should connect tracking a
practical group of physical, chemical and
biological indicators rather than relying on a
single soil-health score with routine records,
clear responsibilities and a response plan.
Where equipment, biological processes or field
operations are involved, timing, maintenance
and quality control matter as much as the initial
choice. Records should show what was done
and the response observed, particularly for
organic carbon, bulk density, aggregate
stability, infiltration, pH, available nutrients,
biological activity and yield stability.
Evaluation should consider productivity
together with health or soil function, labour,
input use, risk and economics. Because many
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indicators vary seasonally, so comparisons
should use similar timing, depth and methods
over multiple years, weak results should first
prompt a review of implementation and local
constraints. Comparison with a previous
season, baseline or similar group helps separate
real improvement from normal variation. This
adaptive process allows timing, thresholds and
resource use to be refined as experience
accumulates.

Economics and Adaptive Management

Many regenerative practices involve
transition costs, learning and changes in
equipment or labour. Cover-crop seed and
additional management may increase short-
term cost, while benefits such as erosion control
and improved water retention may accumulate
over time. Practical implementation of
economics and adaptive management should
start with a clear baseline and a defined
management objective. For regenerative
agriculture for measurable restoration of soil
health, priority should be given to ensuring that
soil restoration can be maintained through
realistic labour, machinery, seed and input
costs. A practical plan is to start with priority
fields, compare strips or management zones,
record transition costs and adjust practices
according to measured agronomic and financial
outcomes. Changes should be introduced
consistently so their effects can be interpreted.
Workers should know the normal range and the
signs that require attention. Monitoring can
include gross margin, input cost, labour,
machinery, yield stability, risk exposure and
soil-health indicators. Trends are more useful
than isolated readings because season,
production stage and local conditions alter
expected performance. One limitation is that
benefits may take several seasons to emerge, so
short-term economics and long-term resource
improvement should be considered together.
Therefore records should be reviewed regularly
and important deviations checked by the
relevant farm, veterinary, technical or crop
specialist. Measures that fit available labour,
infrastructure and budget are more likely to be
maintained and to produce reliable long-term
benefit.

Farmers should start with clearly defined
objectives and compare treated and untreated
areas where practical. Adaptive management
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allows practices to be modified when
weather, markets or soil response differ from
expectations. The value of economics and
adaptive management also depends on
integration with the wider production system.
Management should connect ensuring that soil
restoration can be maintained through realistic
labour, machinery, seed and input costs with
routine records, clear responsibilities and a
response plan. Where equipment, biological
processes or field operations are involved,
timing, maintenance and quality control matter
as much as the initial choice. Records should
show what was done and the response observed,
particularly for gross margin, input cost, labour,
machinery, yield stability, risk exposure and
soil-health indicators. Evaluation should
consider productivity together with health or
soil function, labour, input use, risk and
economics. Because benefits may take several
seasons to emerge, so short-term economics
and long-term resource improvement should be
considered together, weak results should first
prompt a review of implementation and local
constraints. Comparison with a previous
season, baseline or similar group helps separate
real improvement from normal variation. This
adaptive process allows timing, thresholds and
resource use to be refined as experience
accumulates.

Conclusion

Regenerative  agriculture provides a
framework for restoring soil health through
reduced disturbance, soil cover, diversity, living
roots and organic matter management. Its
success depends on how these principles are
adapted to local soil, climate and farming goals.

The most credible regenerative systems use
measurable soil and crop indicators and
recognise trade-offs. Long-term improvement
comes from consistent management and
learning rather than from any single practice or
product.
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