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Document purpose

This document describes the methods used to calculate the Forage Condition Index used in the Farming for
the Future Phase 2 pilot livestock research project.

Abstract

Farming for the Future is a research project aimed at demonstrating the relationship between natural capital
and farm business performance. Part of this evidence-based research has included the development of a
Forage Condition Score and Forage Condition Index. Our scoring system focused on characteristics of
pasture species thought to govern the generation of dependable forage for livestock. It used well-accepted
characteristics of forage quality including species perenniality, palatability, productivity, persistence/stress
tolerance, beneficial gap fillers and species diversity. We used these to generate a quantitative forage score
for a range of pastures from sown exotics to naturalised and native systems that can be used as an input to
farmer management decision-making and to enable tracking of change over time. Scoring was conducted at
up to 30 sites across a farm with scores used to assign a paddock to a forage condition category (A, B, C
and D). Non-visited areas were assigned to categories based on vegetation, proximity and management
characteristics for estimation and reporting of the total area of the property (excluding non-grazed areas) in
each category. The area of each forage condition category was used to calculate a Forage Condition Index
(for grazed areas) for the whole property. This was used in the research that sought to understand
relationships between the type and quality of the natural capital of a farm and the performance of the farm
business. The insights generated from this research are published separately.

Background and project aims

Farming for the Future (FFTF) is a public good agricultural research and change activation program. It is
building the first national-scale evidence base of natural capital and its relationship to farm business
performance on Australian farms. The recently completed pilot livestock program involved (2022 — 2024)
involved the collection of natural capital data across 130 livestock and mixed livestock/cropping enterprises
in temperate regions of Tasmania, Victoria, NSW and WA. To do so we developed and tested methods of
quantifying natural capital in an objective, repeatable and robust way. Forage condition and pasture quality is
thought to be an important contributor to the performance of livestock operations. The pilot project included
development of methods to generate a Forage Condition Score (per paddock) and an index of Forage
Condition for the farm as a whole to be used in analysis of relationships between the quality of natural capital
of a farm and the performance of the farm business.

As a result of the wide spectrum of ecological conditions and farmer management practice over time, forage
species composition, condition and abundance can differ significantly from paddock to paddock and farm to
farm. Pasture systems across the grazing landscape range from sown annual and perennial systems to self-
regenerating naturalised pastures and native grasslands. We required a scoring system that could quantify
the relative forage generation capacity of these diverse systems for use in analysis of the contribution of
pasture quality to farm business performance. Our aim in developing a forage condition index was to
characterise the capacity of the land to dependably produce resilient and high-quality forage for livestock
across a range of seasonal conditions. This document explains the methods we developed for this purpose.

Further detail about the other metrics used in FftF can be found in the Natural Capital Methods paper
available in the resources section of the FFTF website, in Rainsford et al., 2024. “A state-and-transition
model framework to take stock of natural capital on farms”. Agricultural Systems 220 (2024) 104104 and in
Rainsford et al., 2025. “Natural capital metrics as predictors of farm-scale richness of birds and plants”.
Agriculture, Ecosystems and Environment 391 (2025) 1097-46 and Radford et al., (in review).
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Disclaimer

This report has been prepared by the Macdoch Foundation’s Farming for the Future project (‘FFTF’) for
the purpose of assisting individual farm participants in the research project to understand the natural
capital and environmental performance of their farms and to use the research findings prepared by FFTF.

The information contained in this publication are general statements based on this research and other
published literature. FFTF advises that such information may be incomplete or unable to be used in any
specific situation. This report and case studies associated with it use modelled data and data provided to
FFTF by third parties, and whilst FFTF has exercised due care, skill, and diligence in preparing this report
FFTF does not warrant the accuracy of data provided to it, or the accuracy of any conclusions drawn in
reliance on the data.

This report does not constitute financial or investment advice and should not be relied upon for this
purpose. To the extent permitted by law FFTF accepts no responsibility for any loss, claim or liability
incurred by any party in connection with this report.
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1. Principles for design of natural capital indices

The indices of natural capital for use in analysis of relationships between farm natural capital and farm
business performance were prepared using the following set of principles.
P1: Natural capital indices should be based on scientifically justified principles that relate measured
indicators to a stock of natural capital.
P2: Natural capital indices should not be reliant on social, economic, or farm management actions in
order to avoid circularity in measurement. Natural capital indices should represent biophysical properties,
not whether a management practice has been applied (or not applied, or poorly applied).
P3: Natural capital indices should represent the capacity of Ecosystem Assets (individually or
collectively) to provide ecosystem services or intermediate ecosystem services.
P4: Natural capital indices should be independent of business performance measures (output metrics)
used in econometric analysis.
P5: Natural capital indices should measure components of the environment relevant to management
decisions (i.e., they should be ‘actionable’ through management decisions).
P6: Natural capital indices should be generated from data drawn from natural capital accounts of a farm
combined with remote sensing data or other publicly available derived datasets.

Further details about the conceptual framing and generation of these indices are available in documents are
described in the ‘Natural Capital Methods Paper’ published on the FFTF website.

2. Characteristics of resilient forage production

Sustainable grazing systems balance socio-economic drivers with the enhancement and protection of on
farm natural capital which provide essential ecosystem services’2. Researchers and extension officers
across Australia’s temperate and rangeland grazing systems have identified key features of both native and
exotic pastures that are critical to landscape resilience and long-term viability of livestock production. They
recommend that pastures should be dominated by diverse perennial, palatable, productive and persistent
grass swards (Box 1), supported by a functionally diverse plant community of gap-fillers and legumes, and
should remain above desired thresholds of biomass, groundcover and litter'2 (lllustrated in Figure 1). These
pastures can provide high levels of palatable forage for livestock while maintaining essential ecosystem
functions. This enables long-term pasture productivity through the prevention of landscape degradation and
by building ecological resilience to manage risks associated with a variable climate. These eight
characteristics that are important attributes of a resilient and productive pasture are outlined below.

Box 1: Note about differences in definition of 3P grasses

Note: preferred perennial grasses are often described as ‘3P’, however depending on the source, region
and context these attributes can vary in definition. In some cases, ‘3P’ refers to palatable and productive
sown perennial exotic grasses* ', while at other times it describes palatable native perennial grasses with
more variable productivity but increased resilience and reliability in poorer seasons®%6. ‘3P’ has also
described perennial, palatable and persistent grasses’, yet across various grazing literature persistence
has been defined as tolerance to both drought and grazing'-2-13.15, The term persistence is also used
within the grazing industry to describe a management goal, i.e. to maintain a desired composition of
pasture species through grazing management*'!. For the purposes of this project ‘3P’ grasses were
defined as perennial, palatable, productive and/or persistent, to account for variation in desirable
characteristics in both exotic and native grasses.

FORAGE CONDITION MEASUREMENT METHODS Page 5 of 21
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Perenniality

- Deep roots: improve water infiltration,
builds soil structure, prevents compaction
- Large basal area: prevents erosion,
improves water quality

- Litter production: reduces evaporation,
increase nutrient cycling

Figure 1: lllustration of pasture characteristics for sustainable livestock production.

2.1. Perenniality

Perennial grasses are grasses that live for more than three years. They are ecologically and economically
important to graziers'. Their deep, long-lived root systems improve water infiltration and maximise soil water
use'® 20, Perennials contribute to flow and storage of soil carbon through root exudation, improving soil
structure and preventing compaction2'-22, They also provide year-round groundcover, trapping sediment and
reducing runoff and erosion in rain events?2. Perennial grasses are an important source of litter which
reduces evaporation and contributes to nutrient cycling?'. These processes support a range of ecosystem
functions (e.g., water, carbon and nutrient cycling) improving the ecological resilience of landscapes and
increasing the capacity for long-term pasture productivity!. Research in the high rainfall zone of southern
Australia from the 1980s to the early 2000s addressed the decline in desirable and ecologically valuable
perennial pastures, which was considered both a cause and effect of productivity loss through increases in
soil salinity, acidification, erosion, weed presence and reduced livestock performance8.

2.2. Palatability

Palatability is commonly defined in the grazing industry as the degree to which livestock find a plant
desirable. Forage quality (including crude protein content) and digestibility (e.g., leafiness/stage of growth)
are considered key attributes of palatability®23. Palatable pastures are commonly thought to be high quality
exotic sown perennial and annual grasses, forbs and legumes*. However, many native perennial grasses are
also palatable to livestock, some with forage quality and digestibility comparable to exotics?5-28. Native
grasses are often undervalued in grazing systems® and quantitative forage quality data is often lacking,
forcing reliance on more general terms like low, moderate or high feed quality from industry websites and
pasture guide-books?82°. Information on the palatability of native forbs is rare, however species such as
glycine and native geranium are considered desirable to livestock®. In this research, we determined
palatability based on pasture resources describing a species as ‘palatable’ (with lower palatability often

FORAGE CONDITION MEASUREMENT METHODS
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described as ‘moderately palatable’, ‘less palatable’ etc), or where this information was lacking, based on
moderate to high feed quality where available.

2.3. Productive Pastures

Productive grass species produce large amounts of leaf material. While this characteristic often refers to
introduced sown species, many native species are also described as productive or having variable
production, and plant productivity is often dependent on the region, seasonal growth patterns and
requirements for fertility627-29,

2.4. Persistence / stress tolerance

Pasture species are often characterised by their persistence or tolerance to abiotic stress such as
drought'22831 and many grazing resources highlight the value that native grasses in particular can provide
for increased resilience under more variable climate conditions®7:1%, Pasture species are also described as
persistent in relation to their tolerance of different grazing pressures (ranging from heavy to light)*29,
including ability to re-establish from seed under grazing?’. However, this characteristic may vary from farm to
farm dependent on grazing management (Box 2).

Box 2: Note about the use of persistence of pastures as an outcome of management.

Persistence as a management outcome

The term persistence is also often used to describe an outcome of farm management in maintaining
desired pasture species for long term production benefits*'5. Pasture composition may vary from farm to
farm depending on grazing strategies, stocking rates, soil nutrition and pest/weed control and is likely to
be highly dependent on farmer goals. Historically, farm management that focused solely on livestock
needs and short-term financial gains led to excessive clearing, cultivation and declines in pasture
productivity32. However, grazing management decisions are now often framed within the context of
managing for the persistence of ‘desired species’ which might depend on the farmer’s preference for a
particular species or for the persistence of the pasture system as a whole. For example, farmers are
encouraged to use strategic rest to allow desired plants to set seed?? or to maintain persistence of sown
perennial pastures through management rather than resowing's; or to reduce stocking rates to maintain
composition of palatable native grasses®. This focus on persistence is valuable to farmers in the context of
long-term productivity and is the result of decades of research linking preferred pasture characteristics to
grazing management'5-32

FORAGE CONDITION MEASUREMENT METHODS Page 7 of 21
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2.5. Pasture Diversity

Plant (species) diversity in a grazing system provides a range of benefits to long term resilience and
production. With increases in plant species diversity, this is greater variation in micronutrients,
macronutrients and dry matter on offer which provides livestock with a nutritionally balanced diet?.Increases
in plant diversity also means more niches for resource capture are occupied, increasing rainfall use
efficiency, soil nutrient accumulation and photosynthetic efficiency, thus maximising the productive capacity
of a sward"9. Structural diversity is also likely to enhance pest control services by providing a range of
habitats for beneficial insects34. Diversity in a pasture also ensures functional redundancy, where one
species that performs the same essential functions can replace another without impacting on the functioning
and productivity of the system33. Research conducted under the Sustainable Grazing Systems (SGS)
program across southern Australia determined that many more plant niches existed in grazing paddocks
than were being exploited by species typically sown in a pasture, leading to invasion of weeds and volunteer
species to fill those available niches. This research concluded that primary productivity was maximised in
paddocks with 10-20 species® and points to the potential benefits provided to production by the increased
diversity found in naturalised and native pastures.

Suggestions for maximising resource capture and plant productivity in a pasture system have been
developed based on a diversity of functional types. A sward should include palatable perennials constituting
>60% cover with a mixture of summer active (C4), winter active (C3) and year-long green (C3) species to
provide forage throughout the different seasons. The remainder of the sward should comprise of legumes
and gap-filling palatable forbs and annual grasses (such as glycine, clover, chicory and brome). This
structural diversity competitively excludes weeds (non-palatable species), while the phenological diversity
maximises palatability, and legumes and dynamic accumulators address soil nutrient deficiencies. Woody
perennials can also provide gap filling forage as well as improvements in rainfall use efficiency with their
deep-rooted systems™.

2.6. Maintain Herbage Mass

Maintaining perennial pasture biomass (living matter) at intermediate levels (threshold suggestions range
from 0.8 — 4.0 t/ha) retains desirable pastures through rapid regrowth, prevents weed invasion, maximises
photosynthesis and contributes to landscape resilience by reducing runoff?.19.36-39,

2.7. Maintain Groundcover

Groundcover (live and dead vegetation) protects the soil surface from rain impact, reduces the size and
frequency of runoff events, and leads to higher infiltration rates224%, Very low groundcover leads to soil
crusting, moisture loss and lower water use efficiency (and consequently lower net primary productivity), as
well as increasing erosion risk across the landscape*'-?2. Maintaining groundcover also regulates soil
temperatures for soil fauna and decomposer activity!. Most recommendations of minimum groundcover for
temperate systems are 70%, and higher in the High Rainfall Zone (HRZ)'?242. These thresholds are lower in
semi-arid areas, for example 50% is recommended for the northern Australian rangelands*3.

2.8. Maintain Litter

Soil surface litter (organic matter) provides groundcover benefits including reduced evaporation, increased
water infiltration, and regulation of soil temperature. Decomposing litter is a vital food source for soil
organisms driving nutrient cycling and influencing soil structure and organic matter formation?'. Studies of
native pasture systems under different grazing treatments in northern NSW demonstrated that high levels of
litter were associated with higher microbial biomass, higher labile carbon and more earthworms compared to
lower levels**. Thresholds for recommended litter retention in temperate systems vary from 1-3 t/hat. 4445,

2.9. Pasture Structure

In addition to recommending >60% cover of 3P grasses, experts emphasise the importance of two additional
pasture components. First, responsive legumes provide perennial grasses with nitrogen in N-deficient soils (it
is often more cost-effective to ensure adequate soil nutrition and an active legume component such as

FORAGE CONDITION MEASUREMENT METHODS Page 8 of 21
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clovers and medics). Second, the space between 3P grass tussocks and legumes (i.e., “interstitial spaces”)
should consist of ‘gap-fillers’ (i.e., palatable, productive broad-leaved herbs such as plantains and chicory,
and palatable annual grasses such as bromes). Gap-fillers contribute to pasture phenological and nutritional
diversity and competitively exclude weeds. Annuals also have a higher radiation-use efficiency (RUE) than
perennials’ . Consideration should also be given about whether the species are summer or winter growing
and the degree to which pastures will be productive all year round.

Page 9 of 21
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3. Pasture Assessment Tools considered

The FFTF Forage Condition scoring system and Forage Condition Index required a pasture assessment
framework that could support the following requirements.
e Incorporation of attributes for resilient forage production.
¢ Rapid data collection including curation of geolocated photographs.
e Enable consistency among different observers.
e Minimise the effect of seasonality, or timing of grazing or pasture sowing on the assessment of the
pasture condition.

We evaluated a number of pasture assessment tools that have been developed to measure key pasture
characteristics for long-term productivity of high-quality forage. All were developed as monitoring tools
allowing farmers to track progress of pastures, taking seasonal variability into consideration.

Monitoring tools already developed by Meat and Livestock Australia (MLA), Pasture Health Kit3® and Pasture
Paramedic*®, were considered for use. Pasture Paramedic was developed for rapid assessment of sown
pastures in the medium to high rainfall zones and designed to guide management decisions towards their
long-term persistence and productivity. Pasture Paramedic generates a single quantitative score, but species
measured are limited to sown perennial grasses and clovers. This method was deemed unsuitable as the
FFTF research question required an approach capable of valuing native and mixed native/naturalised
pastures along with entirely exotic sown pastures.

The Pasture Health Kit, also developed by MLA, combines scores of low, medium and high across seven
indicators, including proportion of desirable pasture species and the visible resources that contribute to soil
and landscape processes (e.g. soil surface condition, groundcover, litter). Difficulties were encountered in
turning this method into a single quantitative score due to the confounding effects of combining forage quality
and functional indicators. As such, this method was also deemed not suitable for our research.

The rangeland assessment tool PATCHKEY“6 was developed to provide a quantitative measure of land
condition and landscape function for grazed landscapes. After discussions with Brett Abbott (PATCHKEY
author) it was decided that their monitoring framework was too complex and time-consuming for the rapid
assessments required for FFTF.

The Land Condition Assessment Tool (LCAT) was developed by the Queensland Department of Agriculture
and Fisheries to assess and monitor the productivity and sustainability of grazing landscapes by evaluating
key indicators of long-term land condition*’. LCAT is an easy-to-use rapid assessment protocol and tool that
generates a grazing score using principles and metrics from a range of sources including the Grazing Land
Management ABCD land condition framework. LCAT scores species based on their forage characteristics
and overall density in the sward. Perennial species (both native and exotic) are scored on a sliding scale
based on their desirability (i.e. palatability and productivity). This ensures that associated landscape function
benefits provided by perennial cover are valued, while still favouring the more desirable species with higher
scores. LCAT also assigned scores for gap-filler species such palatable annuals and forbs. Due to our
requirements to score both native and exotic pastures based on their beneficial characteristics to long term
pasture production, LCAT was considered the most suitable approach. The FFTF program therefore chose
to adapt LCAT methods (in consultation with Robert Hassett) as the basis for the Forage Condition Score.

LCAT has also developed a range of other indicators, including a natural capital indicator and a landscape
stability/function indicator (providing additional context to the interacting benefits of landscape processes) to
be read alongside the grazing score. Due to timing of the pilot project and resource constraints, FFTF has
not used these scoring systems as part of our Forage Condition Score in its pilot livestock program.

FORAGE CONDITION MEASUREMENT METHODS Page 10 of 21
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4. Methods for data collection and forage condition scoring

We followed (with a slight modification as explained below) Gardiner and Reid’s' description of the
components of a pasture sward that contribute to a sustainable and productive temperate pasture. Gardiner
and Reid (2010; p453) describe such a pasture as one that: “maintain(s) pasture composition in terms of
palatable, persistent, perennial grasses, responsive legumes and palatable ‘gap fillers”. No distinction was
made between the preferences of sheep and cattle (or other livestock classes). While we acknowledged that
shrubs provide valuable forage, they were not included in this phase of the FFTF forage condition score.

We used a ranking system to rank individual forage species in a sward based on their qualities and then
ranked a pasture sward with respect to the forage species present, the structure of the pasture and its
diversity. Each ground-layer plant observed in the data collected was assigned a category according to its
qualities as a forage plant for livestock (Table 1). The quality of the species is combined with its density to
provide a score for the sward (Table 2). Scores are calculated by combining these species values with
weighted values according to their dominance and density in the sward as well as value assigned to the
overall diversity of species recorded (example provided in Table 3). Based on score thresholds, the area is
classified into a pasture condition category (Table 4).

4.1. Individual species classifications and ranking

We used information about pasture species quality from published literature (where available) and expert
opinion (including from farmers) to rank each species depending on their physiological characteristics such
as perenniality, productivity, palatability and persistence (Table 1). We ranked sown or introduced (exotic)
species and native species including those found in the grassy understory of grazed woodland areas in
temperate regions. The values were scaled according to desirability for dependable forage production. For
example a perennial 3P species that exhibits palatability and productivity and persistence will score higher
than a perennial 2P (that is lacking a key characteristic of either productivity or palatability). Perennial
grasses and forbs were ranked higher than annual grasses and forbs due to the increased landscape
resilience and function they impart®. Increased value was also assigned to annual pasture and perennial
forb species when they are filling gaps in the sward’. Species contributing no grazing value or threatening
the condition of the land (i.e., recognized weedy species) were given a value of 0. In this phase of research
we did not separately classify species for whether they are summer or winter growing but we acknowledge
the value of this for assessing the degree to which a pasture will be productive all year. The species list is
available via this link.

Table 1: Classification description assigned to individual forage species.

Category Description

3P Perennial, palatable, productive and/or persistent grasses

2P Grasses that are perennial with moderate palatability (can have variable
productivity)

1P Perennial grasses with very low palatability

SLP Short-lived perennials

GFP Gap Filler Perennials

AV Valuable annuals — an annual species that is considered valuable as a

forage plant

A Generic annuals
NO No value for forage (includes high threat weeds)
FORAGE CONDITION MEASUREMENT METHODS Page 11 of 21
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4.2. Sward structure ranking

We followed LCAT#” in incorporating capacity of the pasture sward to provide other services such as soil
protection and other landscape functions, and used the LCAT approach to assess the density of the
observed species. Density was conceptualized as the structure of the plant and the proximity to the other
plants in the sward including those of the same species. The categories are shown in Table 2. The risk that
density categories will be differently interpreted by different assessors was mitigated to some degree by
training and calibration between assessors. Even without specific training or expertise, experience using
LCAT in other projects found that it was rare that two people would allocate a density category for a
particular plant at the same site more than one category apart2.

Table 2: Ranking of observed species density.

Plant type density Description
category
Closed Dense (CD) Touching-overlapping canopies. Slightly separated bases.

Moderately Dense (MD) Touching-slightly separated canopies. Clearly separated bases.

Sparce or Open (SO) Clearly separated canopies. Well-separated bases.
Very Sparse (VS) Well separated canopies. Very well separated bases.
Isolated (IS) Isolated canopies. Isolated bases.

None/absent NA

In the characterization of resilient forage production, the value of an individual plant in a sward is a function
of its individual characteristics, its density in the sward and its relative proportion. For example, species
classified as gap fillers (GFP) become more valuable when very sparce (VS) or isolated (IS) than they are
when they are dense (CD or MD) and dominate the sward.

To calculate the forage condition score for an observed sward we developed models that combine the quality
of the species and the density of them in the sward. An example of the resultant scores is provided in Table
3. The models are provided in Addendum 1.

Table 3: Example of forage condition calculations for an observed sward. The quality of the species is combined with its
density to provide a score for the sward.

Farm Audit ID Site ID Score
ABC Audit_bcc465d8c2266765sec2b B9.WL-P2 105
. Species

Spp- Name Density class Score
Sp1 Festuca arundinacea - Fescue Mid-dense 3P 53
Sp2 Chloris truncata — Windmill Grass very 2P 16

Sparse
Sp3 Eragrostis leptostachya — Paddock Lovegrass Isolated 3P 20
. i Very
Sp4 Lolium rigidum — Annual Ryegrass Sparse AV 16
Sp5 Cirsium vulgare — Black/Spear thistle Isolated NO 0
FORAGE CONDITION MEASUREMENT METHODS Page 12 of 21
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4.3. Data collection

Prior to data collection, the farm was stratified based on characteristics of canopy cover, ground cover and
the classification of the ecosystem prior to modification for agriculture (for example Woodland, Forest or
Grassland). Approximately 30 survey sites were selected across a farm, encompassing these different types
of ecosystem characteristics and management types. Further information about the approach is described in
the Natural Capital Methods paper available from the FFTF website and in Rainsford et al., 2024%0,

At each survey site, a minimum of three and maximum of five individual points were assessed by a person
with capability to identify the pasture species and judge the density by observation. FFTF used experienced
ecologists and agro-ecologists. The number of points per site (i.e., 3, 4 or 5) was determined by the
observer’s judgement of how variable the ground-layer was across the sample area; high variability required
more individual points to result in a category assignment that is representative of the paddock.

To ensure traceability of the information for subsequent audit, verification or reanalysis if required, the
records contain the Audit ID including date and time of survey, the Site ID of the location of the survey along
with the species observations. Geolocated photographs are curated with the Site ID and species
observations.

At each of the assessment points, the species and density within a 2m radius circle were observed and
recorded and a series of photographs taken to provide artefacts for quality control and to illustrate the sward
condition. Data recorded include:

e Sward height (where sward was homogenous)

¢ Where sward was not homogenous, sward height was estimated as the average height of species
present (not including seed heads and stems)

e The five most dominant plant species, with species 1 the most dominant species and species 5 the
fifth most dominant species according to dry-weight ranking (DWR) principles. Information recorded
per species included:

o Species name
o Density category (Table 2).
o Density of all perennial herbaceous plants combined (i.e. overall sward density excluding annual
component).
e % Groundcover: percentage of the soil protected by organic cover. This includes plants, plant litter
(both attached and unattached), woody litter (<5-cm diameter) and cryptograms.
o Plant litter cover and depth. Litter refers to both attached and detached plant material within 5-cm of
the soil surface. (Data not used in sward condition scoring in the FFTF pilot.)

Observations including geolocated photographs at survey points were recorded in iAuditor™ (Safety Culture)
and uploaded into a MySQL database for compilation and processing for analysis and reports.

The average of the three to five observation points assessed in each paddock was compiled as the score for
the paddock (ecosystem unit). Based on the score thresholds, the sample area was assigned an ABCD
score (see next section and Table 4).

To enable all paddocks to be classified for forage condition, the score and category for each surveyed site
was assigned (“imputed”) to other areas of the farm based on similar vegetation, groundcover, proximity and
management characteristics. Refer to the natural capital methods documentation for further information
about imputation. Condition classifications of imputed sites have a lower confidence than surveyed sites so
reports to farmers included information about which areas (paddocks) were surveyed sites and which areas
have imputed scores.

FORAGE CONDITION MEASUREMENT METHODS Page 13 of 21
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5. Compilation and presentation

Information about the forage condition of the property was compiled in two complementary ways.

Detailed information about the forage condition of each paddock or unit of the farm was collated into a type
of natural capital accounting table (Table 5) and also represented spatially in a
detailed map (Figure 3).

0.54

A Forage Condition index (Figure 2) with a value between 0 and 1 for the whole farm
was used to indicate the capacity of the farm to generate reliable forage for livestock.

Forage Gondition (whole farm)

The Forage Condition index is calculated as the sum of the area weighted average

of the forage condition scores for all k ecosystem units of the farm, scaled to a Figure 2: Resilient
maximum of 1 using the following formula: Foragcla dCondition
naex

(XK(FCi+~ FCmax) « Ai )| ¥¥Ai

where FCmax is the theoretical maximum forage condition score of 200, FCi is the average forage condition
score for ecosystem unit i,, and Ai is the area of ecosystem unit .

5.1. Forage condition categories

To prepare natural capital accounts for the participants in the project, FFTF used a forage condition category
approach commonly used in the industry (categories described in Table 4). A condition category provides an
easy to interpret set of information about the quality of a paddock from the perspective of its capacity to
generate reliable forage for livestock. The area in each forage condition class can be used in forage
condition ‘asset accounts’ in natural capital accounting. Table 5 provides an example of how this information
may be presented.

Thresholds for the categories were tested with experienced agri-ecologists and a diverse group of farmers
and grazing management experts. Individual rankings for species and rankings for density plus the
combined result were used to develop and test thresholds for forage condition categories by comparing
sward scores from the dataset with the assessment of photographic evidence of the sward by experienced
agri-ecologists and a diverse group of farmers and grazing management experts.

Table 4: Forage condition categories used in FFTF.

Forage

condition  Description Score range
category

A high degree of cover of a diverse mix of pasture species (>3
species) that are regarded as 3P species (perennial, palatable
productive and/or persistent). Annual grasses and forbs may be
present as gap fillers.

A moderate to high cover of perennial grasses with lower
diversity of 3P species. Annual grasses and forbs may be
present along with perennial grasses of lower palatability or
productivity.

Sparse perennial cover. 3P species at low abundance and/or
perennials of low palatability. May have a diverse mix of annual
pasture species (may be sown species). Some weedy or no
value species may be present.

Swards are dominated by annual species, either sown or
naturalised. Perennial pasture species isolated or absent.
Pastures may include plants with no or very low forage value
and may have significant amounts of bare ground.

135-200

A

80-134

40-79

0-39
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5.2. Presentation of forage condition

Table 5 shows an example presentation of the forage condition score for each type of ecosystem present on
a farm as per a Natural Capital Account for that farm. The table summarises the number of hectares in each
forage quality classification and the overall condition score for that ecosystem type.

Farms participating in the project received very detailed natural capital reports that included this information
as well as maps of forage condition for their farms (example in Figure 3). Example reports are available from
the FFTF website in the resources section.

Table 5: Example presentation of forage condition information for a farm. The capacity for livestock grazing is
summarised by Ecosystem Type and State.

[Farm Name] Grazing classification and extent (ha) by Ecosystem Type and State @ [Date] Forage Condition Classifications
A B = D Forage
Ecosystem Type Ecosystem State Ecosystem State long description Condition
Transitioning Woodland | TW1 F;;Z‘rew*;t'ﬁtﬁi;ﬁ :t'iefe”giﬂe'r’:f;”e’a“ on -ground 18 23 109 0 0.05
Transitioning Woodland | TW3 Little regeneration - mostly exctic ground layer 0 0 21 19 0.05
Transitioning Woodland | TW4 Mo regeneration - exotic ground layer 0 0 43 15 0.05
Modified Grassland MG :\:;::ﬁed Grassland 5 - perennial exotic ground 0 33 0 0 0.08
Derived Grassland DG :I;r;\:ed Grassland 1-diverse native ground 205 0 135 0 0.07
Planted Native Trees PNT2 Planted native trees - maturing (10-40 years) 0 0 0 0 ]
Exotic Woody EWV3 Perennial Horticulture 0 0 0 0 0
Vegetation
Crops c1 Non-irrigated crop with scattered trees 0 0 0 0 0.04
Crops c2 MNon-irrigated crop - no trees 0 0 197 0 0.04
Crops Cc3 Irrigated crop 0 0 0 0 0.06
Infrastructure Domestic Infrastructure Domestic Infrastructure 0 0 0 0 4]
Infrastructure Roads & Laneways Roads & Laneways 0 0 0 0 o
Infrastructure Sheds & Yards Sheds & Yards 0 0 0 0 0
Infrastructure Water Infrastructure Water infrastructure (dams, channels) 0 0 0 0 ]
Total 223 116 506 35 0.44
Proportion of land used for grazing (baseline) 25% 13% 58% A%

Resilient Forage Condition

Grazing Classification
Al
sl

0.54 c

ol
LY |

Forage Conddon (whole farm)

Figure 3: Example of a Forage Condition Index and Forage condition classification map for a different farm.
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6. Recommendations for future development

As a result of our experience with this pilot research we propose several recommendations for future
development of methods for forage condition.

6.1. Reducing sensitivity of assessment to season quality

The plant types and plant condition in pastures and the ground layer in woodlands and forests can be
affected by the timing of observations and the quality of seasons. As far as possible, the forage condition
measures used in FFTF have been designed to be relatively robust to these factors and to provide a very
similar score independent of whether the assessment was conducted in a favourable or less favourable
season or at a time where grazing has been either recent or not. However, assessments of grazing systems
are still affected by issues of season. For some grass and forb species, flowers or seeds are needed for their
correct identification. Other species can only be reliably detected during their growing season. For example,
summer-growing grasses that provide valuable summer forage can be inconspicuous and may not be
detected during observations performed in winter. Species observations will also be affected by season
quality that might favour certain species and not others.

Since it is not practical for observations to be confined to ideal conditions or to matched seasons, we
recommend that further development of forage condition assessments is needed to improve the
independence from seasonal conditions.

6.2. Measuring year-round production

It would be valuable to incorporate recognition of the value of having a diversity of C4 (warm season
perennials) and C3 (cool season and year-long growing perennials) species. This would be used to assess
the degree to which pastures will be productive all year round. This would be relatively easy to incorporate
into scoring methods such as were used in this phase of FFTF but would require the issue of non-
observability during the non-growing season to be resolved.

6.3. Measuring landscape and soil processes

While the weighting of perennial species and their density implies benefits to soil and landscape processes
and resilient long-term production systems, the Forage Condition Score used in the FFTF pilot did not
include other vegetation and landscape characteristics desirable in a sustainable grazing system (such as
groundcover, litter and biomass retention). These indicators were not included to avoid the confounding
effects of functional and production features in a single score. Just as LCAT has developed a
Landscape/Stability Index, FFTF is considering the development of a similar Index to be read alongside the
Forage Condition Index and provide more context about the function and long-term resilience of the system.

7. Conclusion

The development of the Forage Condition Score and Forage Condition Index during the pilot of the FFTF
program enabled the project to analyse whether farms with high scores for dependable forage condition
were among the most financially productive and profitable of farms in the program. (Results of the FFTF
research are presented separately.) The approach for data collection was found to be robust, practical and
efficient, but we recommend development of assessment methods to further reduce the effect of season
quality on pasture condition scores.
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Addendum 1

Differentiated weightings of pasture species categories and their density depending on their proportion and
density in the sward. Species 1 is the most dominant species according to dry-weight ranking principles,
Species 2 is the next most dominant and so forth.

3P 60 53 45 30 20 0
2P 40 32 24 16 8 0
1P 30 24 18 12 6 0
SLP 35 28 20 14 6 0
GFP 15 15 24 16 8 0
AV 5 5 4 2 0
A 3 3 2 0 0
NO 0 0 0 0
SPECIES 2 MD SO VS IS NN
3P 60 53 45 30 20 0
2P 40 32 24 16 8 0
1P 30 24 18 12 6 0
SLP 35 28 20 14 6 0
GFP 15 15 24 16 8 0
AV 10 8 6 4 2 0
A 3 3 2 1 0 0
NO 0 0 0 0 0 0
SPECIES 3 MD SO VS IS NN
3P 60 53 45 30 20 0
2P 40 32 24 16 8 0
1P 30 24 18 12 6 0
SLP 30 30 30 24 16 0
GFP 15 15 24 16 8 0
AV 15 12 24 16 8 0
A 15 12 9 6 3 0
NO 0 0 0 0 0 0
SPECIES 4 MD SO VS IS NN
3P 60 53 45 30 20 0
2P 40 32 24 16 8 0
1P 30 24 18 12 6 0
SLP 30 30 30 24 16 0
GFP 15 15 24 20 16 0
AV 24 24 24 16 8 0
A 15 12 9 6 3 0
NO 0 0 0 0 0 0
SPECIES 5 MD SO VS IS NN
3P 60 53 45 30 20 0
2P 40 32 24 16 8 0
1P 30 24 18 12 6 0
SLP 30 30 30 24 16 0
GFP 15 15 24 20 16 0
AV 24 24 24 16 8 0
A 15 12 9 6 3 0
NO 0 0 0 0 0 0

FORAGE CONDITION MEASUREMENT METHODS
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