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Background

In 2010, the Dairy Moving Forward Committee identified a number of strategies to address the
priority: ‘Improve extension of nutrient management principles and practices; and to achieve a more
rigorous, objective approach to nutrient management at a farm level’. The strategies included:

» An agreed whole of industry consensus on nutrient management principles

» Increased industry confidence in nutrient management principles

» Investment in training, professional development and support for information sharing

The expert group also determined five key investment areas to deliver these strategies including:

» A national and regional network of simple test demonstrations/validation activities

> A nationally agreed framework for the delivery of regional nutrient management extension

> National agreement on a set of nutrient management principles together with a framework to
integrate these principles into the decision making process

» Development and delivery of formal education on new nutrient management principles and
practice

» A national and regional nutrient management RD&E innovators network

To deliver on a number of these strategies, Dairy Australia initiated the project “Dairy Guidelines:
Managing soil acidity through improved nutrient use efficiency”, better known as Fert$mart. Industry
consultation during the Fert$mart project showed there was unanimous support for developing a
trusted source of science for fertiliser management which was specific to Australian dairy farms.

Around the same time, the National Centre for Dairy Education Australia (NCDEA) also identified
the need to update the Fertilising Dairy Pastures manual (DPIV 2005) as a national learning
resource for soil and fertiliser management courses. The combined investment of resources has led
to the development of the ‘Dairy Soils and Fertiliser Manual: Australian Nutrient Management
Guidelines'.
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Foreword

Australian dairy farmers are amongst the most efficient dairy producers in the world. To survive in
this competitive industry, the production and utilisation of pasture as our main feed source will be
the key to the future success of our dairy industry.

Many farmers are now finding that when they get soil and fertiliser management ‘right’, they can
produce more feed at no extra cost, and with careful planning, fertiliser becomes a strategic tool to
boost feed when it's most needed.

The aim of the on-line Dairy Soils and Fertiliser Manual is to provide farmers and advisors with a
planning approach and the know-how to achieve this. The manual integrates the Fert$mart planning
approach which is underpinned by the internationally recognised 4Rs nutrient stewardship
philosophy of using the Right Source of fertiliser, at the Right Rate, in the Right Place and at the
Right Time.

The Dairy Soils and Fertiliser Manual was built upon the Fertilising Dairy Pastures Manual
developed by the Victorian Department of Primary Industries for the successful Target 10 Soils and
Fertiliser Program. The manual has now been updated and expanded to include all Australian dairy
regions, the latest research, and current recommended practices for soil and fertiliser management.

The Dairy Soils and Fertiliser Manual will help farmers and advisors to make more informed cost-
effective fertiliser management decisions. Pasture production depends on sound use of fertilisers,
and it is important to understand soil conditions and what is limiting production if best results are to
be achieved from fertiliser use. Regular soil testing is necessary to make informed decisions on
fertiliser use, and the ability to interpret these results is the key to making the most cost-effective
fertiliser choice. It is also important to understand the balance of nutrients in our farming systems.

The environmental impact of nutrients lost from our farming systems can be severe, and lost
nutrients are also wasted money. An improved understanding of nutrient management will assist in
the well-being of our waterways and in maintaining a healthy environment well into the future. A new
chapter, ‘Keeping Nutrients on Farm’, has been introduced to help farmers and advisors with this
increasingly important area.

Another area with increasing interest has been soil biology and soil health. Many dairy farmers are
now recognising that productive soils are those with good soil structure, optimum fertility and are
biologically active. The new chapter on soil biology removes some of ‘mystery and myths’ around
managing soil organisms in a productive dairy system.

It is important to recognise that the Dairy Soils and Fertiliser Manual is also an investment in our
future - Our future dairy farmers, and our future advisors. This has been, and will continue to be, a
key resource for dairy education, particularly for the National Centre for Dairy Education Australia
(NCDEA).

The Dairy Moving Forward Steering Committee is grateful to the organisations and individuals that
have contributed towards this manual.

DAIRY 5
MOVING

Noel Campbell EOR\\//
Chair, Dairy Moving Forward Steering Committee .




DAIRY SOILS AND FERTILISER MANUAL m E HEE I

CONTENTS
MODULE:
Fert$mart Chapter Fert$mart Planning Pages 1-1 to 1-14
Planning
MODULE: Chapter Limits to Plant Growth Pages 2-1 to 2-9
Limits to
Production Chapter Plant Nutrient Requirements Pages 3-1 to 3-27
Chapter Soil Properties Pages 4-1 to 4-17
Understanding and
MODULE: Chapter : e Pages 5-1 to 5-19
Productive Managing Soil Biology
Soils chapter [ Soil Types Pages 6-1 to 6-3
Managing Limiting Soil
7 - -
Chapter . Factors Pages 7-1 to 7-35
Chapter B Assessing Soil Nutrients Pages 8-1 to 8-16
MODULE: Int ting Soil and Ti
Valuing Chapter n nterpreting Soil and Tissue Pages 9-1 to 9-35
. Tests
Nutrients
Chapter Keeping Nutrients on Farm Pages 10-1 to 10-28
Chapter Introducing Fertilisers Pages 11-1 to 11-10
MODULE: Nit d Nit
Fertili itrogen and Nitrogen ) )
ertiliser Chapter Forion & Pages 12-1 to 1225
Selection
Chapter Using Dairy Effluent Pages 13-1 to 13-15
Chapter Calculating Rates and Costs Pages 14-1 to 14-16
MODULE:
Fertiliser Chapter Nutrient Planning Pages 15-1 to 15-23
Planning . -
Developing a Fertiliser
Chapter Management Plan Pages 16-1 to 16-9
Glossary 1 to 14
Pages
Appendix A Conversion Tables Pages A-1 to A-2
. Explanatory Notes on the
Appendix B Metric System Pages B-1 to B-2
Appendix C  Chemical Symbols Pages C-1 to C-1
Appendices Appendix D Nutrient Level Tables Pages D-1 to D-2
Appendix F  Fertiliser Product Lists Pages F-1 to F-1
Appendix G  General Fertiliser Products Pages G-1 to G-1

Appendix H  Feed Nutrient Contents Pages H-1 to H-2




L)

Chapter 1
FertSmart Planning

CONTENTS

1 FertSmart Planning.........ooei it e e e ennes 1-2
1.1 SItUALION @NAIYSIS ....eeeiiiiiie e 1-3
1.11 Know the feeding SYStEM..........uiiiii e 1-4
1.1.2  Know farm production goals and feed requirements ..............ccccevvvviviiiiiiiiiiiiieeeeeee, 1-4
1.1.3  Access information for the nutrient budget..............oooviiiiiiiiiiiiiiiis 1-4
1.14 Map farm SOOI LY PES. ....ueei e 1-4
1.1.5  Map farm management ZONES ...........oooviiiiiiiiiiiiiiiiiiiiii et 1-5
1.1.6 ColleCt SOIl SAMPIES ... ..ot e e e e e e e e e eeaees 1-5
1.1.7  ASSESS SOIl CONAITION ... 1-5
1.1.8  Assess pasture CONAIION .......ooii i 1-5
1.1.9  Determine the fertiliser financial budget.............cccciiii 1-6
1.1.10 Consider contractors, labour, equipment and sKillS.............ccccoeiiiiiiiiiiii 1-6
1.1.11  Consider animal health iISSUES .............cooviiiiiiiiiiiiiiiiiiee s 1-6
1.1.12 Consider infrastructure, equipment and management................cccviieii i eeieeeiiinnnnn. 1-6
1.2 Identify potential and liMItatioNs ...............ueeiiii 1-6
1.21 Determine if goals are realiStiC.............uuviiiiiiiiiiiiiiiiiii 1-7
1.2.2 Identify gaps in knowledge, skills and practices.............ccccceiiii 1-7
1.2.3  Shortlist the OPLIONS ......ooiiiii e 1-7
1.3 Identify soil and nutrient related ISSUES...........ccuuiiiiiiiiie e 1-7
1.3.1 [AENTify SO ISSUES ...ceiiiiiiiiiee e 1-7
1.3.2 Identify irrigation water quality ISSUES ..........ccoiiiiiiiiiiiiiii e 1-7
1.3.3  Identify limiting crop/pasture condition ISSUES ...........c.uuuiiiiiiiiiiiiiiieee e 1-7
1.3.4 Identify farm-scale nutrient issues and options ............coevvviiiiiiiiiiiiiiiiiiiie 1-8
14 Interpret data and prepare draft nutrient plan ..., 1-8
1.5 Finalise the nutrient Plan ... 1-8
1.6 Implement the nutrient plan....... ... 1-9
1.7 MONItOrNG AN FEVIEW ... 1-9
1.71 Fine-tuning (2-6 MONTNS) .......ooiiiiiiiiiiiiiie e 1-9
1.7.2  ANNUAIIeVIEW (YEAI 2) ...t 1-9
1.7.3  FUtUre reVIEWS (YEAI 3) ...ooiiiiiiiiiiiiiiiiiieiee ettt nnnnnees 1-9
1.8 FertSmart Planning CheckIist .............oooiiiiiiii e 1-10
1.9 RETEIENCES. ...t e e e e e et e e e e e e e e e ennnnns 1-14

Page | 1-1



DAIRY SOILS AND FERTILISER MANUAL CHAPTER 1

1 Fert$mart planning

The Fert$mart Planning Cycle (Figure 1.1) was developed primarily as a guide for farm advisors to
step through the planning process and to prepare a soil and fertiliser management plan for dairy
farmers. It can also be used by dairy farmers who have a sound understanding of agronomy and
soil fertility. The process consists of seven steps designed to be repeated annually to update and
fine-tune fertiliser management, and it brings together information from all other chapters in this
manual. The process aims to make fertiliser more profitable by managing soil condition and the
targeted use of fertiliser.

1. Situation
7. Monitoring & analysis

review

6. Implement 2-6 months

nutrient plan fine-tuning 2. Identify
Fert$mart potential and
i limitations
Planning
Cycle
(Annual)
5. Finalise
nutrient plan 3. Identify soil

& nutrient
related issues

4. Interpret

data & prepare
draft nutrient

plan

Figure 1.1 The Fert$mart Planning Cycle

Fert$mart planning recognises that crop and pasture production is often limited by factors other than
soil fertility, and consequently the following steps have been developed to ensure fertiliser decisions
are made in the context of the whole farm system.

» Step 1: Situation analysis - Focuses on understanding the farm business, the current
farming system, resources (water, soils, nutrient sources, pastures and crop), infrastructure
and management.

Page |1-2



DAIRY SOILS AND FERTILISER MANUAL CHAPTER 1

1.1

Step 2: Identify potential and limitations - Checks that farm production goals are realistic,
given there may be limitations other than nutrients. This step also identifies any gaps in
knowledge and skills, and shortlists management options best suited to the farm and farm
business.

Step 3: Identify soil and nutrient related issues - Focuses purely on soil and nutrient
related issues. Soil tests and field observations are used to narrow down which factors are
limiting production and need to be managed.

Step 4: Interpret data and prepare draft nutrient plan - The information from all previous
steps is interpreted and used to prepare a draft soil and nutrient management plan.

Step 5: Einalise nutrient plan — Practical aspects of the draft plan are checked and
finalised.

Step 6: Implement nutrient plan — Nutrient management plan is implemented.

Step 7: Monitoring and review — Monitoring and review is on-going. Fine-tuning the plan
may be required within 2-6 months depending on crop/pasture/milk production performance.
In year 2 the planning cycle begins again, however soil testing may not be required. In year
3 soil tests are carried out across the farm to check soil fertility levels and trends.

Situation analysis

Fertiliser planning requires a good understanding of the farm and business. For best results,
farmers work with their advisor to; discuss production information, inspect the paddocks, note the
condition of soils and pastures, and carry out soil sampling. The following aspects of the farm
business are all important to nutrient management and fertiliser decisions:

>

>
>

Farm production goals

o Know the feeding system

o Know farm production goals and feed requirements

o Access information for the feed budget

Physical resources

o Map farm soil types

o Map farm management zones

o Collect soil samples

o0 Assess soil condition

o0 Assess pasture condition

Financial resources

0 Determine the fertiliser financial budget

Human resources

o Consider contractors, labour, equipment and skills

Animal health issues

Infrastructure and management

The following steps (1.1.1 to 1.1.13) explain the information needed for the situation analysis, and a
well-informed fertiliser plan.

Page |1-3
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1.1.1 Know the feeding system

Knowledge of the feeding system is important to understanding farm nutrients. There are five
feeding systems commonly used on Australia dairy farms (Dairy Australia, 2012):

1. Pasture + other forages + low grain/concentrate feeding in bail (i.e. Grazed pasture + other
forages + up to 1.0 tonne grain/concentrates fed/cow/year in the bail).

2. Pasture + other forages +moderate-high grain/concentrate feeding in bail (i.e. Grazed
pasture + other forages +more than 1.0 tonne grain/concentrates fed/cow/year in the bail).

3. Pasture + partial mixed ration = grain/concentrate feeding in bail (i.e. Pasture grazed for
most or all of year + partial mixed ration on feed pad * grain/concentrates fed in bail).

4. Hybrid system (i.e. Pasture grazed for less than nine months per year + partial mixed ration
on feed pad + grain/concentrates fed in bail).

5. Total Mixed Ration (TMR) system (i.e. Zero grazing. Cows housed and fed total mixed
ration).

In feeding system 1, dairy cows spend most of the time grazing pastures and therefore returning or
recycling most nutrients to the paddocks. On the other hand, in feeding system 5, all nutrients are
deposited on or near the feedpad/dairy and are then stored, distributed or sold. It is important to
understand the feeding system and what happens to nutrients imported in feed when developing the
nutrient budget.

More on nutrient stores & transformations (Chapter 10.2.2)

1.1.2 Know farm production goals and feed requirements

Production goals start with the volume and quality of milk required throughout the year. This
determines the number of milkers, the herd size, and the feed requirements.

Feed is the largest cost for most dairy farmers. Growing and utilising more home-grown feed helps
to keep farm costs down and improve profitability. Fertiliser plays an important role in achieving this.
A feed budget can be used to work out the home-grown feed requirements and the dry matter (DM)
production goals for the coming year.

If DM production goals are similar to the previous year, these figures can be used in the farm
nutrient budget to work out what quantities of nutrients need to be brought onto the farm to maintain
current production levels. Soil tests are also required to adjust the specific fertiliser requirements for
each farm management zone (FMZ). A FMZ is a group of paddocks with similar soil types and
management (See Chapter 15.4.1). Where nutrients are removed in product (e.g. silage, hay and
crops) both a paddock/FMZ nutrient budget and soil tests are required to work out the fertiliser
requirements. Crop types and estimated yields (kg DM/ha) are also required for the nutrient budget.

1.1.3 Access information for the nutrient budget

The nutrient budget is used in Step 4 (see Section 1.4) to work out farm fertiliser requirements. The
first step in nutrient budgeting is to quantify the amount of nutrients coming on to, and leaving the
farm, and this requires access to the farm records. The inputs required for the nutrient budget are
described in Chapter 15.6.

1.1.4 Map farm soil types

Knowing the soil types and where they are located across the farm is an important consideration for
soil and fertiliser management. Regional soil maps are useful in identifying and describing soil types
on a broad scale. Regional maps can be used in combination with the farmer’s existing knowledge

Page |14
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of the farm soil types to produce a soil map at a paddock scale. The soil map is used to characterise
the soil profile, properties, behaviour and suitability for crops and pastures. Soil information is used
in steps 1.2 and 1.3.

More on Regional Soil Types (Chapter 6)

More on Soil Properties (Chapter 4)

1.1.5 Map farm management zones

Fertiliser use is more targeted and profitable when fertiliser recommendations are customised for
each FMZ. The farm map, showing paddocks and soil types, is used in combination with previous
soil tests and previous/current management to map the FMZs.

More on FMZs (Chapter 15.4.1)

1.1.6 Collect soil samples

If the farm soil tests are more than 2 to 3 years old, collect a new soil sample from each FMZ. At
least 30 soil cores are required for each sample. Cores should be taken along monitor lines or
transects that you can come back and resample in one or two years, or collected randomly across
the area. In each case, however, care should be taken to avoid areas where nutrients may be
concentrated such as dung and urine patches, areas near gateways, water troughs, and stock
camps.

Take the samples to the standard depth (0 - 7.5cm in Tasmania, 0 - 10cm in all other states). Keep
the samples cool (not on the back of the ute) and send them to a NATA accredited or ASPAC
certified soil testing laboratory as soon as possible. Soil samples should be sent to the same soil
testing laboratory each year to ensure consistency of soil testing methods.

More details on soil sampling (Chapter 8)

1.1.7 Assess soil condition

Fertiliser efficiency can be limited by soil constraints; however it can also be improved with better
soil condition. A quick field assessment of soil condition in each FMZ can pick up issues not
identified in the soil tests, and farmers should alert their advisor of known soil issues. Look for
evidence of poor soil surface condition, slaking, dispersion, compaction, waterlogging, salinity and
acidity. See the Fert$mart FMZ field sheet for a basic checklist for soil condition assessment.
Chapters 4 to 7 of this manual discuss soil condition

1.1.8 Assess pasture condition

Poor pasture performance and utilisation also reduces fertiliser efficiency. Pasture condition in each
FMZ should be assessed and recorded. Observe current pasture species composition and consider
their suitability (see Chapter 15.5.1). This can be carried out at the same time soil samples are
taken in each FMZ:

1. Visually assess the species.

2. Consider recent performance/production of the paddock, grazing interval, silage/hay
production.

3. Assess weed types and density.

Look for changes in species, growth and colour in urine and dung patches compared to the pasture
around them. Look carefully at the old and fresh dung patches and record observations.
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More on assessing perennial ryegrass condition

More on visual symptoms of nutrient deficiencies (Chapter 8.6)

1.1.9 Determine the fertiliser financial budget

The farm fertiliser budget will vary from year to year, depending on financial circumstances. A
common strategy is to maintain soil fertility when finances are tight, and to apply additional nutrients
to meet capital requirements (if required) in the better years (see Chapter 15.3). Farm fertiliser
records are a useful starting point.

1.1.10 Consider contractors, labour, equipment and skills

Implementation of the fertiliser plan could be limited by contractors, farm labour, equipment and
skills. For example; if contractors are used for fertiliser spreading, does this create any limitations on
the fertiliser types, rates and blends used across the farm, and the timing of applications? Also
consider distribution accuracy and the impact this has on fertiliser use efficiency. For more
information on the accuracy of fertiliser spreaders refer to the Fertilizer Australia website, or to the
Fertcare Accu-Spread link: http://www.fertilizer.org.au/default.asp?V_DOC 1D=1131

1.1.11 Consider animal health issues

Check for animal health issues linked to soil and plant nutrition or toxins. See the following links:

Nitrate poisoning (Chapter 12.6.1)

Grass Tetany

Implications on transition cow management

Trace element deficiencies (Chapter 3.5)

1.1.12 Consider infrastructure, equipment and management

Check the capability of existing handling and spreading equipment. Are there limitations to fertiliser
use, e.g. the types, rates, placement and timing? Are there cost effective options to upgrade
infrastructure/equipment to improve fertiliser efficiency, e.g. effluent distribution equipment or
infrastructure?

Are there other aspects of farm management that can be improved? The following links will help to
identify key areas for improvement:

Soil management

Fertiliser management

Effluent management

Irrigation management

Feed conversion efficiency

Pasture Consumption and Feed Conversion Efficiency Calculator

1.2 Identify potential and limitations

The purpose of this step is to consider the farm business and to determine if the production goals
are realistic, and to identify opportunities where improved knowledge and skills will benefit soil and
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fertiliser management. The aim is to shortlist the options that will help to achieve the production
goals.

1.2.1 Determine if goals are realistic

Use production records and other information gathered in the situation analysis to check the farm
production goals. Compare goals with what has been achieved on other local and regional farms
(e.g. data from focus farms, case studies or demonstration sites). Also consider the capability of the
farm and of the capacity of the business (i.e. knowledge, skills, equipment, labour resources,
physical resources, financial resources and current management practices).

1.2.2 Identify gaps in knowledge, skills and practices

Compare current management with acceptable practices in the DairySAT checklists
for soils, fertiliser, effluent and irrigation management. Are there any gaps in knowledge, skills, or
farm practices that if addressed will result in better soil condition and/or fertiliser use? Check for
research data that is relevant to the situation, and incorporate where appropriate.

1.2.3 Shortlist the options

Shortlist the options for improvement to knowledge, skills and practices, and revise production goals
if necessary.

1.3 Identify soil and nutrient related issues

Before considering the plant nutrient requirements, it is important to identify if there are other soil
and nutrient related issues. There could be limiting factors (other than nutrients) that need to be
addressed to get the best value out of fertilisers. Some factors cannot be changed economically
(e.g. highly sodic or saline soils) and land use and production goals in these areas need to be
matched accordingly. Farm scale nutrient efficiencies are also considered in this step. Are there
opportunities to use nutrients more strategically across the farm, e.g. better distribution of effluent?

1.3.1 Identify soil issues

Limiting factors can be identified using field observations described in Sections 1.1.7 and Section
1.1.8 in combination with the soil tests. Some factors can only be observed in the field (e.g.
compaction, pugging, and waterlogging) while others may show signs in the field, but need to be
confirmed with soil tests (e.g. salinity, sodicity and acidity). Chapters 4 to 7 of this manual discuss
soil issues. Now work out cost effective management options where they exist. It may be necessary
to prepare a program and budget to remedy these over a longer time period.

1.3.2 Identify irrigation water quality issues

Poor quality irrigation water can be harmful to crops, soil and irrigation equipment. This can result in
lower production and poor fertiliser use efficiency. Check the water analysis for the five salinity and
sodicity criteria.

More on irrigation water quality

1.3.3 Identify limiting crop/pasture condition issues

Production can also be limited by crop and pasture condition (e.g. species, plant population,
diseases, pests and weeds). Crops and pastures in good condition and suited for the purpose will
use soil nutrients more efficiently than unhealthy and weedy stands. See Chapter 15.5.1 for more
on species suitability.

Page |1-7


http://www.daff.qld.gov.au/26_4347.htm

DAIRY SOILS AND FERTILISER MANUAL CHAPTER 1

1.3.4 Identify farm-scale nutrient issues and options

Prepare a farm nutrient budget (See Nutrient Budgeting, Chapter 15.6) to work out the quantities of
nutrients coming onto, and leaving the farm. The nutrient budget will show whether there is a whole
farm nutrient surplus or deficit. Phosphorus, potassium and sulphur are generally accounted for in
the nutrient budget. In situations where a nutrient surplus exists there may be an opportunity to treat
areas more strategically and reduce nutrient costs. This could apply to both fertiliser and effluent
treated areas on the farm. When nutrients exported from the farm in produce exceed nutrients
brought onto the farm, the deficit can be used to estimate the total nutrient requirements to maintain
production.

It is also important to look for nutrient build up areas and cease further applications of nutrients
already in abundance. Nutrient maps provide a good visual comparison of nutrient levels across the
farm. Alternatively, nutrient levels in each paddock/FMZ can also be compared with the soil fertility
guidelines using a graph or table (See Chapter 15.10 and Chapter 16.2.3).

This information also helps to identify which FMZs will benefit most from the dairy effluent, provided
it is practical to get the effluent onto that area of the farm. Estimate the quantity of effluent produced
each year, and the nutrient composition to work out its value. Estimating the dollar value of effluent
(equivalent fertiliser cost) helps to justify any additional costs required to use effluent more
strategically around the farm. Explore cost effective options to improve effluent distribution -
See Chapter 13, ‘Using Dairy Effluent’.

For more information on retaining and optimising nutrient use on dairy farms refer to Chapter 10,
Keeping Nutrients on Farm.

1.4 Interpret data and prepare draft nutrient plan

See Chapter 16 for details on how to develop and document a fertiliser management plan using the
4Rs framework.

1.5 Finalise the nutrient plan

Check that the recommendations in the draft plan are feasible, practical and affordable as outlined
below:

» Involve members of the farm business and the farm advisor in a face-to-face meeting.
Discuss soil test results (graphically if available) by considering current levels in comparison
with the optimal test value/range. Discuss/consider soil fertility trends, if previous soil test
data is available.

» Check the management options are best suited to the farm and the farm budget.

> Discuss/consider the nutrient program costs and the economics, for instance a staged
nutrient build-up plan.

» Check the 4Rs fertiliser plan is practical and compatible with farm infrastructure, machinery
and management (i.e. fertiliser type, rate, place, time and frequency).

» Discuss/consider implementation of the plan, record keeping and monitoring crop/pasture
performance in the next 2-6 months, and then beyond that time.

» Finalise the nutrient management plan.
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1.6 Implement the nutrient plan
Implementation of the nutrient management plan requires the farmer to:

» Follow the 4Rs fertiliser program and other strategies in the nutrient management plan
(where practical and affordable).

» Record the actual management decisions; sources, rates, placement and timing (including
frequency) for each fertiliser application, and note the reasons for changes to the plan (e.g.
weather conditions, product or contractor availability).

> Refer to DairySAT checklists for managing soils, fertiliser, effluent and irrigation.

1.7 Monitoring and review

1.7.1 Fine-tuning (2-6 months)

The farmer closely monitors pastures, crops and livestock performance, noting any issues and
discussing these with their advisor. A visit from the advisor may be beneficial 2-6 months after
starting the fertiliser program to assess pastures, crops and stock and to discuss/note current
production and yields (milk, crop and pasture production/consumption). Further soil and/or tissue
tests may be required to diagnose nutrient related issues if problems are observed in the crops and
pastures.

1.7.2 Annual review (Year 2)

An annual review (may also be half yearly, or at the end of a crop cycle) provides opportunity to:
» Discuss/consider the fertiliser program and the records of fertilisers used in each FMZ.

» Visually assess crops, pasture and livestock, and consider the performance throughout the
year/season. Has the performance met expectations? Have any problems been observed? If
no problems have been observed, and production is meeting expectations, further soil/tissue
testing may not be required in year 2.

> Redo the nutrient budget to check nutrient surpluses/deficits for the farm or FMZs.
» Work out maintenance fertiliser requirements for the farm and FMZs.

» Refer to previous soil tests and introduce capital fertiliser applications where required and if
finances permit.

» Update the 4Rs fertiliser program for the coming year/season.

1.7.3 Future reviews (Year 3)

Every 3 years carry out soil testing in every FMZ then repeat the steps described in the Situation
Analysis (Section 1.1) and update the 4Rs fertiliser program. An important part of the year 3 review
is to check soil fertility trends in each FMZ against the guidelines. Soil fertility trends provide
important feedback that can be used to fine-tune maintenance requirements, and help to keep soil
fertility on track over the long term - See Chapter 16.
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1.8 Fert$mart Planning Checklist

The following checklist provides a summary of the steps involved in Fert$mart Planning along with the tools and knowhow that are available to undertake each
step.

1. Situation Analysis Print checklist
Steps - Production Goals Tools Knowhow
1.1 Understand the feeding system » Farm data collection sheet » Feeding systems
1.2 Know farm production goals and feed requirements > Feed budgets
1.3 Access information for the nutrient budget > Nutrient budgets (Chap 15)
» Nutrient stores & transformations (Chap 10)
Steps - Physical Resources Tools Knowhow
1.4 Map farm soil types » Field data collection sheet » Farm Management Zones (Chapter 15)
>  Access previous soil tests » Farm map » Limits to plant growth (Chapter 2)
1.5 Map FMZs » Soil type map » Plant nutrient requirements (Chapter 3)
1.6 Collect soil samples - FMZs » Soil sampling equipment » Soil properties (Chapter 4)
1.7 Assess soil condition - FMZs i gpade i 2°i: ?iOIOQ{éEhipteé)5)
- amera oil types (Chapter
1.8 Assess pasture condition -FMZs > Manaygﬁng IimitirF:g soil factors (Chapter 7)
» Assessing soil nutrients (Chapter 8)
» Keeping nutrients on farm (Chapter 10)
» Assessing perennial ryegrass condition
Steps - Financial Resources Tools Knowhow
1.9 Determine fertiliser financial budget » [Farm data collection sheet » Economics of N fertilisers
»  Access fertiliser records
Steps - Human Resources Tools Knowhow
1.10 Consider contractors, labour & skills. » Farm data collection sheet » Fertcare Accu-Spread
Steps - Animal Health Tools Knowhow
1.11 Consider animal health issues » Farm data collection sheet » Nitrate poisoning (Chapter 12)

> Grass Tetany
» Transition management
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1. Situation Analysis (cont’d)

Steps - Infrastructure, equipment & management Tools Knowhow
1.12 Consider infrastructure, equipment and » Farm data collection sheet » Soil management
management » Pasture Consumption and Feed » Fertiliser management
» Review fertiliser/effluent handling and distribution. Conversion Efficiency Calculator » Effluent management
» Consider options for cost effective upgrades. » lrrigation management
» Consider management practices that can improve » Feed conversion efficiency

fertiliser use efficiency (incl. soil, fertiliser, irrigation,
effluent, pasture utilisation).

2. Identify potential and limitations

Steps Tools Knowhow

2.1 Determine if goals are realistic » DairySAT » Latest research
2.2 Identify gaps in knowledge, skills and practices

2.3 Shortlist the options

3. Identify soil and nutrient related issues

Steps Tools Knowhow
3.1 Identify soil issues » DairySAT » Soil properties (Chapter 4)
3.2 Identify irrigation water quality issues > Soil types (Chapter 6)
3.3  Limiting crop/pasture condition issues > Managing limiting soil factors (Chapter 7)
3.4  Identify farm-scale nutrient issues/options > Irrigation water quality
» Keeping nutrients on farm (Chapter 10)
» Nutrient budgets, nutrient maps (Chapter 15)
» Using dairy effluent (Chapter 13)
» Effluent Calculators (Chapter 13)
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4.

Interpret data and prepare draft nutrient plan

Steps

41

Identify paddocks and FMZs on a farm map.

For each FMZ consider the following:

4.2

4.3
4.4
4.5
4.6

4.7
4.8

4.9
5.

Address soil constraints with cost effective
management options.

Compare soil tests/trends with optimum ranges.

Address soil health: Determine management options.

Address weeds, pests and disease issues.

Effluent/manure use: Determine cost effective
management options.

Prepare 4Rs fertiliser program.

Determine risk management strategies (human,
stock, environment).

Document the nutrient management plan

Finalise nutrient plan

Steps

Farmer/advisor discuss & check management options and
finalise the draft nutrient plan:

5.1

5.2

5.3

5.4

55

5.6

Soil test results, soil fertility trends and maintenance
requirements.

Check management options are best suited to the
farm & farm budget.

Consider nutrient program costs/economics, e.g.
staged nutrient build-up plan.

Check the 4Rs fertiliser plan suits farm
infrastructure, machinery and management

Discuss implementation of the plan, record keeping
and monitoring crop/pasture performance.

Finalise the nutrient management plan.

Tools

» DairySAT
> Soil and Fertiliser Management Plan

(Example)

> ‘Soil and Fertiliser Management Plan’

template

Tools
The draft nutrient management plan

Knowhow

Soil types (Chapter 6)

Soil properties (Chapter 4)

Managing limiting soil factors (Chapter 7)
Interpreting soil and tissue tests (Chapter 9)
Keeping nutrients on farm (Chapter 10)

Soil fertility guidelines

Introducing fertilisers (Chapter 11)
Nitrogen and nitrogen fertilisers (Chapter 12
Using dairy effluent (Chapter 13)
Calculating rates and costs (Chapter 14)
Nutrient planning (Chapter 15)

Developing a fertiliser plan (Chapter 16)

YVVVYVYVYVVYYVYVVYY

Knowhow

)
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6.

Implement the nutrient plan

Steps

6.1
6.2

6.3

Farmer implements the 4Rs plan (where practical).

Farmer records the actual sources, rates, placement
and timing (including frequency).

Farmer follows practices recommended in DairySAT
(soils, fertiliser, effluent and irrigation).

1. Monitoring and review

Steps

7.1 Fine-tuning (2-6 months):

»  Farmer monitors pastures, crops and livestock
performance and discusses issues with advisor.

»  Advisor visit and further soil/tissue testing as
required to resolve issues.

7.2 Annual review (Year 2):

»  Discuss/consider the fertiliser program

»  Review production targets

»  Soil/tissue testing if issues exist.

»  Redo the nutrient budget.

»  Work out fertiliser maintenance requirements.

» Introduce capital fertiliser applications if finances
permit.
Update the 4Rs fertiliser recommendations.

7.3 Future reviews (Year 3):

»  Soil test every FMZ

»  Repeat steps in Situation Analysis.

»  Check soil fertility trends and update the fertiliser

program.

Tools

» Paddock record keeping tool
DairySAT checklists:

» Soil management

» Fertiliser management

» Effluent management

» lrrigation management

Tools

Knowhow
» Fertcare Accu-Spread

Knowhow
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2 Limits to Plant Growth

2.1 Introduction

The growth of plants is the result of a sequence of complex steps starting with cell division and
ending with the irreversible increase in size. Growth can be measured in many different ways but is
generally measured either in terms of an increase in height or weight, although sometimes ground
cover or density is the growth indicator. If measuring weight, pasture growth is more commonly
expressed in terms of an increase in dry weight rather than fresh weight due to the variable moisture
status.

For optimum pasture performance it is important to have an understanding of how the plant
functions and responds to the various growth limiting factors.

Each factor, whether acting as an individual or interacting with another, can become the limiting
factor to pasture or crop production. See “Law of the Limiting in Chapter 3.3.

Growth limiting factors could be classified according to internal or external factors including:

Internal
» Plant species or variety
» Plant growth hormones and regulators produced at different growth stages or maturity

External

Water

Nutrients

Light

Temperature

Soil constraints

Plant Disease and Insects
Weeds

VVVYVVY

The external and internal factors do not act independent of each other, instead interacting in
relationships that can be quite complex. The external factors will be discussed in this chapter.

2.2 Water

Water is an essential compound for so many plant functions; both at the cellular level and as a
medium through which all biological substances move. Growing plants are not in equilibrium with
their environment regarding water, as there is a continual gradient or upward movement of water
from the soil solution to that lost from the above ground parts of plants.

The availability of soil moisture for root uptake and plant growth is such a basic requirement that
practically all other plant functions will be impaired if soil moisture is lacking.

Soils hold and provide varying amounts of water to plants depending on many factors; for example
texture and structure. The amount of water held in a soil varies with time and is called its water
holding capacity (WHC) or soil moisture content. The soil's water holding capacity is usually
expressed as the millimetres of water per metre of soil depth or sometimes as a % of a cubic metre
of sail.
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Evaporation from the pores (stomates) chiefly in leaves; called transpiration, creates a large water
deficit within the leaf. This deficit is replenished by soil water pulled up from the root system by the
cohesion of water molecules or “transpirational pull”. Under normal or optimal soil/plant conditions,
as the soil water is absorbed by the root system from the larger soil pores it is replenished. This
situation is ideal for plant growth and is referred to as “field capacity”. If the soil moisture is not
replenished, the plants root system will continue to extract soil moisture from the smaller soil pores
until the point where the remaining soil moisture is so tightly held that it is no longer available. At
this point there is not sufficient water available to meet the plants needs so the plant wilts. Plants
can exhibit what is called a “temporary wilt” which can occur as a result of the heat of the day. From
a temporary wilt the plant will recover in the evening or early morning. However if the situation
progresses, the plants normal turgor does not recover and the leaves wilt and change colour. This
point is called the “permanent wilting point”. For more information on soil water, refer to Chapter
424,

Both the water content of the soil and rainfall vary throughout the year and are not easily
manipulated on dryland farms. In order to conserve soil moisture, a healthy soil with good internal
drainage and a friable surface, will allow greater acceptance and storage of water than a compacted
or sealed soil. Crops or pastures that are irrigated can achieve more consistent growth and
production, as long as the extra nutrient demands for the increased dry matter production are met.

2.3 Nutrients

We must properly feed the pasture before the pasture can feed the dairy cows that graze it. Of all
the elements occurring in the soil, only some will be required for plant growth, while others are
essential for the animal’s growth (e.g. cobalt).

Plants require varying quantities of nutrients at various stage of growth and if any essential nutrient
is not plant available when it is required plant growth can become limited. There are optimum levels
of nutrient availability that should be met in the soil and plant for maximum pasture production.
Understanding and managing plant nutrients for dairy production is the key focus of this manual.

2.4 Light

Adequate light (sunlight) is important for plant or pasture growth. Light is responsible for
photosynthesis in green plants, whereby the green plant pigment — chlorophyll, allows the energy
from the sun to be utilised with carbon dioxide and water to create carbohydrates — See Figure 2.1.

The photosynthesis process is a basic energy storage process that all plants and animals depend
upon. Only a small proportion of the suns light energy (0.1 %) that reaches the pasture is converted
into plant growth, with about half this energy being used for respiration. Ultimately the amount of
growth made by a plant will be determined by the net rate of photosynthesis; which is the gross
photosynthesis minus the respiration.

Management of the pastures growth is important so as to prevent rank growth and maximise the
amount of light reaching fresh young leaves. Young leaves are more efficient in converting sunlight
to plant growth than older leaves especially when older leaves are being shaded.

Employing good grazing management will ensure maximum light is available to the plants at all
times. It will also ensure that energy, in the form of sugars and carbohydrates that are stored in the
plant’s root system, are not depleted by overgrazing. Optimal stocking rates and grazing periods
ensures that the plant has sufficient time to recover in between grazing cycles and prevents the
depletion of reserves held in the plants roots, especially nutrients like phosphorus.
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Figure 2.1 Inputs and outputs of the Photosynthesis process
(Source: http://science6shms.pbworks.com/w/page/25870917/photosynthesis)

2.5 Temperature

The amount of heat that reaches the soil is initially influenced by what is held in the atmosphere
(clouds, particles, pollution). The amount of heat that is actually retained in the soil is further
influenced by ground cover, soil texture and colour.

Soil is quite resilient to marked fluctuations in soil temperature, with this fluctuation decreasing with
soil depth. The pasture growth itself will also have a buffering effect on the soil temperature due to
its absorption and release of heat. Temperature affects the growth of all pasture plants in many
ways; from the weathering of the parent material to the growth rate of soil microorganisms.
Generally, how plants respond to temperature relates to the part of the world in which they evolved.
Ryegrass has an optimum temperature for growth of around 18°C, while white clover does not
reach a maximum growth rate until the temperature has reached 25°C - see Figure 2.2. Paspalum
and other tropical C4 grasses, also favour high temperatures. Hence, pastures tend to be ryegrass
dominant through the winter, but the level of white clover and tropical C4 grasses often increases
greatly in spring and summer.

Page |24


http://science6shms.pbworks.com/w/page/25870917/photosynthesis

DAIRY SOILS AND FERTILISER MANUAL CHAPTER 2 .ﬂJ

i B S S
e R T

Ralative Rate of Growth

9 1 13 15 17 1B N ¥ B T W\ 3 I
A Temperaturs (C)

Figure 2.2 Growth rate of ryegrass and white clover in response to
temperature

Plants require a certain amount of accumulated heat from the sun in order to photosynthesis and
produce carbohydrates for growth. Each stage of a plants growth, e.g. from emergence to first
mainstem leaf or emergence to full flower, requires a certain accumulated amount of heat units per
day to complete that part of its growth. The heat units are accumulated until reaching the threshold
temperature (or base temperature) that a plant species requires for normal maintenance. Below the
threshold temperature, the plant is in stress or shock and no growth occurs. The number of heat
units required at each stage are called “day degrees”. Weather conditions determine whether the
day degrees accumulate over a short or longer period. Cool cloudy conditions mean less day
degrees, thereby limiting pasture growth as seen from late autumn to early spring.

The formula for calculating day degrees is:

Growing Day Degrees (GDD) = (Daily max. temp °C — daily min. temp °C) — Base Temperature °C
2

The GDD number cannot be a negative; the number for that day would be carried forward as zero.
The base temperatures for some common crops and pastures are shown in Table 2.1. Note that
some temperate pasture species (e.g. White clover) grow very slowly at a base temperate of 4 - 5°C
(Hutchinson et al., 2000).

Table 2.1 The base temperatures of common crops and pastures.

CROPS AND PASTURES BASE TEMPERATURE (°C)
Corn, sorghum 10°C
Temperate pasture species, ryegrass, oats, barley, rye, wheat 5°C

(Adapted from Fraisse et al., 2012, and Hutchinson et al., 2000)
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2.6 Soil constraints

These can be any physical or chemical restriction to the normal root proliferation into the subsoil.
Constraints can be naturally occuring; in the case of a dramatic change in layers or horizons, or as a
result of pasture management in the case of pugging. Examples include a build up of chemical
residues from herbicides; an increase in subsoil sodicity or salinity; an extreme soil pH - either acid
or alkaline; a sudden physical change to soil structure due to compaction issues; nutrient
imbalances - whether toxicities or deficiencies; or even just a lack of soil depth relative to the rooting
depth of the pasture species.

Some soil constraints can be identified by soil testing, or a physical or visual examination. The
constraint can often be minimised with the use of correct nutrition or the addition of soil ameliorants;
be they organic (manures) or chemical (lime or gypsum). Managing soil constraints is covered in
detail in Chapter 7.

2.7 Plant Disease and Insects

Pests and diseases can severely impact pastures and contribute to pasture rundown. Crops and
pastures should be inspected regularly for pests as well as disease and deficiencies. A combination
of biological, chemical and cultural control measures to control pests are considered the most
effective and sustainable approach to addressing pest problems.

Insect pests and diseases affect pastures at all stages from germination of the seed (e.g. seedling
blight or damping off disease caused by a fungus) through to the final leaf and stem (e.g. Rust on
ryegrass, also caused by a fungus — see Figure 2.3).

-
5
&

Figure 2.3 Pustules of crown rust on ryegrass leaves.
(Source: http://www.niab.com/news and_events/article/159)

Diseases can cause a significant loss of pasture production as well as effect forage quality. A
diseased plant will also be more susceptible to other environmental stresses. Depending on what
has caused the disease (fungus, virus, bacteria, nematodes or even another insect) will determine
where it occurs on the plant. Generally plant diseases can be classified by the area affected such
as those that affect the seedlings, leaf and stem, and root (see Figure 2.4) and crown.
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Figure 2.4 Phytophthora root rot in Lucerne
(Source: http://www.daff.qld.gov.au/26 3593.htm)

The effects of insects on pastures will vary. Some can be of minor importance, especially in the
case of some insect pests in lucerne. As a perennial crop, lucerne harbours all kinds of insects
including those that are pests, predators or beneficials. For example, an insecticidal approach for
the control of pests such as heliothis or lucerne leaf roller, could be unnecessary due to the natural
control by other insects or virus. Insect control can be an option when insect numbers reach certain
populations or thresholds. Thresholds are based on the potential economic damage, the costs to
control and the likely yields to be gained from insect control. Monitoring insect populations during
susceptible times of the year will prevent needless sprays, for example in the warmer months for
aphids present in lucerne.

2.8 Weeds

Weeds can have many definitions, but generally in a farming context they are defined as “any
injurious or potentially disease causing plant that is relatively useless, whilst competing with
established pastures or crops”.

Weeds are usually species that are well adapted to survival with prolific seeding rates; the ability to
remain dormant for extended periods of time; as well as excellent methods of seed dispersal -
whether by wind, water or by stock movement.

It is often impossible or impractical to eradicate weeds from an area, so the best method of
controlling weeds is relying on the management of them. There are many mechanical means by
which weeds can be controlled. In the case of annual weeds for example, slashing in order to
prevent seed set can be an effective means to control weeds, especially prior to flowering.

The losses to production due to weed infestation are incredibly difficult to estimate. Weeds can
result in competition with pasture or cropping species for nutrients and soil moisture; the tainting of
milk; stock poisoning; reduction of dry matter yields from lucerne paddocks; as well as reduced
quality of the hay due to weed presence.

Grass weeds have prolific fibrous root structures and generally germinate under the more extreme
conditions such as cooler soil temperatures. They require soil nutrients as do commercial plants,
quickly draining the local soil of available nutrients and moisture, thereby leaving the soil depleted
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for the following pasture or crop. Table 2.2 clearly demonstrates the effect that weed competition
has on pasture establishment and production.

Table 2.2 The effect of fallow weed management on the population of annual summer grasses and the dry matter (DM)
production of Bambatsi panic one month after sowing.

Weed seeds in Weed seedling Weed DM Bambatsi DM
FALLOW soil prior to N° 14 days after production 1 production 1
TREATMENT sowing sowing month after month after
(seeds/m?) (plants/m?) sowing (kg/ha) sowing (kg/ha)
Control in spring 5500 900 2500 90
before planting
One summer of 1650 200 2000 410

weed control

Two summers of

15 15 250 1000
weed control
Source: http://www.dpi.nsw.gov.au/archive/agriculture-today-stories/april-2008/weed-competition-kills-tropicals

One of the best ways of reducing weed infestation in pastures is by maintaining a dense, healthy
sward of desirable pasture species. Pasture species will generally have the greater nutritional value
so optimum soil conditions should be met to encourage this production. Management strategies to
favour desirable pasture species (see Section 2.9) alongside the integrated use of herbicides, offers
the best approach to reduce the limitation imposed by weeds.

2.9 Management strategies to reduce limitations to plant
growt

The amount of pasture growth is determined to a large extent by the prevailing climatic conditions of
light, water and temperature. There are, however, a number of management strategies used to
reduce the limitations and increase production, including:

» Irrigation: Provides soil water when it is limiting.

» Fertilisers: Provide essential nutrients limiting plant growth.

» Soil ameliorants: Products that change soil characteristics to be more favourable to plant
growth, e.g. lime raises soil pH and can improve structure in some soils.

» Green manure planting: Increases soil organic matter, improves soil structure and the
capacity of the soil to hold water, air and nutrients, and, if the green manure crop is a
legume, it can build soil nitrogen.

» Grazing strategies: Used to manage the amount of light captured by the plant.

» Weed management: Reduces the population of unwanted plant species that are either
competitors in a crop or pasture, or are poor producers in comparison to the more desirable
plants.

It is important to remember that while there are a m any factors that can be managed and
manipulated, the key is to identify the most limiting factors and target these with cost-effective
strategies to optimise production.

Where these factors cannot be managed cost effectively, e.g. extreme cold or saline soils, there is
very little that can be done to lift production. The following chapters focus on managing the
limitations of soils and nutrients to optimise production.
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Plant Nutrient Requirements
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3 Plant Nutrient Requirements

3.1 Introduction

Plants require nutrients for normal growth. These must be in a form useable by the plants and in
concentrations that allow optimum plant growth. Furthermore, the concentrations of the various
soluble soil nutrients must be properly balanced.

Learning outcomes
At the completion of this chapter, you should:
» Know which nutrients are essential for plant growth.
» Know which nutrients are required in large quantities.
» Understand the principles of the nutrient cycles for the major nutrients.
» Know which nutrients are required in smaller quantities.

3.2 Why do we need fertilisers?

Many Australian soils are old and weathered. In fact, many are considered the oldest soils in the
world; and the nutrients have been leached, which has resulted in soils of low fertility. For example,
average Australian soil phosphorus levels are 40% lower than English soils and up to 50% lower
than North American soils.

Improved pasture species allow a much higher stock-carrying capacity; but to maintain this
productivity, they require a higher level of soil fertility than do native pasture species.

Fertiliser applications are required to overcome the soil's inherent nutrient deficiencies and to
replace the nutrients that are lost or removed from the soil by pasture growth, fodder cropping or
conservation, and animal products, such as milk or meat.

Nutrient redistribution around the farm and the inherent ability of soils to ‘retain’ applied nutrients; so
they are less available for plant uptake, are other reasons for fertiliser applications.

In addition to the loss of nutrients in fodder, grain, and animal products, a significant amount of
nutrients can be lost off the farm in runoff from irrigation and rainfall - see Chapters 10.5.2 and 12.3.
There are many factors that need to be considered in working out a profitable fertiliser program for a
dairy farm. For details on nutrient planning see Chapter 15.

3.3 The essential plant nutrients

Seventeen nutrients are known to be essential for plant growth. For a nutrient to be classified as
essential it must be:

Essential for the plant to complete its life-cycle.

Unique, not able to be replaced by another.

Required by a substantial number of plant species, not just a single species or two.

Directly involved in plant metabolism, that is, it must be required for a specific physiological
function.

YV VYV

The essential nutrients can be divided into two categories:
» Major nutrients (macronutrients).
» Minor nutrients (micronutrients), often referred to as trace elements.

These are listed in Table 3.1. (See also Table D.1 in Appendix D.)
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Table 3.1 The essential nutrients required by plants

MINOR NUTRIENTS

MAJOR NUTRIENTS (TRACE ELEMENTS)
Carbon (C) Molybdenum (Mo)
Hydrogen (H) Copper (Cu)
Oxygen (O) Boron (B)

Nitrogen (N) Manganese (Mn)
Phosphorus (P) Iron (Fe)

Potassium (K) Chlorine (Cl)
Sulphur (S) Nickel (Ni)

Calcium (Ca) Zinc (Zn)

Magnesium (Mg)

Other minor elements, such as sodium, silicon, cobalt, strontium and barium, do not fit the criteria to
be universally essential. These are called beneficial nutrients, as are the seventeen nutrients listed
in Table 3.1, although the soluble compounds of some may increase plant growth. Other elements
required for animal health, such as selenium, fluorine and iodine, have no known value to plants.

A deficiency in any one of the 17 essential nutrients will reduce growth and production, even though
the others may be abundantly available. Optimum pasture production can only be obtained if all the
requirements for plant growth are met. This fundamental principle is known as “the law of the
limiting” or “Liebig’s Law of the minimum” and often represented by the barrel with uneven

staves as in Figure 3.1.
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Figu're 3.1 Liebig’'s Law of the Minimum.
(Source: http://www.greencare-concept.nl/eng/pagina/141/prevention-through-nutrition.html)

Liebig’s Law of the minimum says:
“The yield of a plant is limited by a deficiency of any one essential element, even though all

others are present in adequate amounts.”
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Even though Liebig’s law is discussing essential nutrients, the same principle applies to all other
facets of pasture management, for example soil moisture, soil structure, grazing management and
ground cover. Pasture production will not reach full potential if any one management aspect is
limiting even though plant nutrients are in adequate supply.

The first three major nutrients, carbon, hydrogen and oxygen, are non-mineral and generally
considered to come from carbon dioxide in the atmosphere and from water. Combined, they make
up 90% to 95% of the dry matter of all plants.

The remaining nutrients are found in the soil and are taken up through the root system of the plant.
However, legumes (such as clovers, lucerne and medics) also have the ability to convert
atmospheric nitrogen into a plant-available form - see Section 3.4.1.3.

3.4 The major nutrients or macronutrients

The macronutrients (nitrogen, phosphorus, potassium, sulphur, calcium and magnesium) are
required in relatively large quantities by plants; measured by either a percentage or mg/kg. Plant
growth may be retarded because:

» These nutrients are lacking in the soil.

» They become available too slowly.

» They are not adequately balanced.

3.4.1 Nitrogen

Nitrogen (N) is needed for all growth processes, as it is the major component of amino acids, which
are the building blocks of proteins, enzymes and the green pigment chlorophyll. Chlorophyll
converts sunlight energy into plant energy in the form of sugars and carbohydrates.

3.4.1.1 Nitrogen deficiency symptoms

Nitrogen deficiency symptoms include:
» Stunted growth.
» Yellowing or light-green colour in pastures (very occasionally orange and red pigments may
dominate).
» Low protein content of grasses and crops.
» A lack of nodules or very small whitish nodules on clovers and other legumes.

Nitrogen is mobile in plants, so deficiencies show up in the oldest plant tissue first — see Chapter
8.6.2.1. Nitrogen deficiency in legumes and grasses has similar symptoms to a sulphur deficiency.
However, sulphur is immobile in most plant species, so sulphur deficiencies typically show up in the
youngest plant tissues first. An exception is in subterranean clover where sulphur is more mobile, so
the deficiency shows up in young and old plant tissue.

3.4.1.2 The nitrogen cycle

Nitrogen is present in the soil in many different forms (Figure 3.2), including as a gas (N); as
various oxides of nitrogen, such as nitrate (NO3) and nitrite (NO;); and as ammonia (NH3), amines
(formed from ammonia), or ammonium (NH,). Organic matter is a major storage area for nitrogen.
In fact, in most soils, more than 95% of the nitrogen is present in the organic matter.
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Figure 3.2 The nitrogen cycle of a dairy pasture

Plants can only use two of the many forms of nitrogen, namely, nitrate (NO3) and ammonium (NH,).

Therefore, other forms of nitrogen need to be converted to either nitrate or ammonium before the
plant can use them.

The conversion process is carried out by various soil micro-organisms, such as fungi and bacteria,
and by chemical reactions in the soil - See Chapter 5.

Major losses of nitrogen occur through leaching, denitrification (breakdown of nitrogen compounds
to less available forms), volatilisation (conversion of nitrogen to gaseous forms, which are lost to the
atmosphere), and the removal of animal products and fodder (See Chapter 12.3)

Nitrogen is returned to the soil with varying levels of efficiency via animal manure and urine, bought-
in feeds, nitrogenous fertilisers, and legumes (See the nitrogen cycle animation).

3.4.1.3 Where do legumes fit in?

The atmosphere is about 80% N, but plants such as legumes are able to use nitrogen from the air.
They are able to do this by the development of small growths on their root system called nodules.
These nodules contain bacteria called rhizobia, which can fix’, or convert, nitrogen from the air into
a plant-available form. This fixed nitrogen then becomes part of the pasture nitrogen cycle (see
Figure 3.2). The nitrogen becomes available to grasses when the nodules or legume plants (roots,
stems and leaves) die or are eaten by an animal then returned as dung or urine. The legume root
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nodules have a life span of up to 6 weeks, and new ones are constantly developing. The nodules
are a pinkish colour when actively fixing nitrogen; however, they may be white (N deficient), green
(when nodules become older) or brown (decomposing) if growing in suboptimal conditions.

r

Figure 3.3 Nodules sliced in half, showing the pinkish colour (leghaemoglobin) indicative of healthy nodules in the centre,
with old decomposing nodules on the left and ineffective white nodules on the right.
Source: http://www.dpi.nsw.gov.au/agriculture/pastures/pastures-and-rangelands/establishment/inoculating-legume-seed

In a ryegrass/clover pasture, 50 to 250 kg N/ha/year can be fixed by the clover, depending on such
factors as the clover content of the pasture, soil fertility, and moisture availability. This is equivalent
to applying urea (which is 46% nitrogen) at a rate of 109 to 543 kg of urea/hal/year. At a price of
$500/tonne spread for urea, this is equivalent to about $55 to $270/ha/year. However, the amount of
N fixed by clover in Australian dairy pastures is typically 50 kg N/ha/year or less due to the low
legume content - see Chapter 12.2.1.

The rhizobia bacteria supply nitrogen compounds to the legume, and the legume supplies
carbohydrates (energy) to the nitrogen-fixing rhizobia bacteria. If the soil environment is not ideal
(for example, high acidity, lack of other nutrients, dry soils or salinity), these bacteria are adversely
affected, which results in reduced nitrogen fixation and thus reduced pasture growth.

The various legume species often require ‘inoculation’ of the seed (mixing the seed with rhizobia
bacteria) at sowing. Specific strains of the rhizobia bacteria are required for each of the major
legume groups. For example, sub clovers require inoculant strain C, and white clover requires
inoculant strain B.

It is essential to inoculate legume seeds when sowing into virgin, recently flooded, or newly cleared
land because the soil will not have enough of the required rhizobia naturally present. Although it
may not always be necessary to inoculate when resowing an old pasture, it is advisable.

Lime coating of the legume seed ensures that the soil environment surrounding the seed is more
favourable (less acidic) for the rhizobia bacteria and young legume roots. In addition, several
proprietary forms of coating (e.g. Prillcote® and Agricote®) contain ingredients to ensure longer
survival of the inoculant if sowing is likely to be delayed. Insecticides can also be included in the
coating to provide pasture plants with a degree of protection against some insect pests after
germination (e.g. lucerne flea or red-legged earth mite).
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3.4.2 Phosphorus

Phosphorus (P) helps run the ‘power station’ inside every plant cell and has a key role in energy
storage and transfer. Phosphorus is necessary for all growth processes and for the nodulation of
rhizobia bacteria and nitrogen fixation.

3.4.2.1 Phosphorus deficiency symptoms

Phosphorus deficiency symptoms include:
» Stunted growth, weak roots and shoots, fewer tillers.
» Depressed yields.
» Purple tints on small leaves.
» Small, dark green leaves on mature clover plants.

Growth of new pastures can be severely restricted when the soil is deficient in phosphorus. As
animals derive their phosphorus requirements from pastures, animal production may also be
affected by low phosphorus levels.

Phosphorus is a mobile nutrient within the plant and is moved to the actively growing tissue, such as
root tips and growing points in the tops of plants — see Chapter 8.6.2.1. Therefore, deficiency
symptoms occur first in the older leaves.

It is important that plants have an adequate supply of phosphorus to ensure recovery and regrowth
after grazing. Likewise, newly sown pastures benefit from a supply of readily available phosphorus
close to the germinating seed to help quickly develop a large root system.

3.4.2.2 The phosphorus cycle

When phosphorus fertiliser (for example, superphosphate) is applied to a pasture, the phosphorus
enters a phosphorus cycle. As can be seen from Figure 3.4, the phosphorus can move around the
system, as well as be lost from the system, via many different pathways. The P cycle is very
complex, involving a great deal of interaction and chemical reactions in the soil.

The phosphorus in the soil can be taken up by plants, then consumed by animals and returned to
the soil in ruminant dung. The phosphorus can also move about in the soil, changing in its chemical
form and in its availability to plants.

Being hygroscopic (moisture-attracting) in nature, superphosphate granules attract moisture from
the atmosphere, leading to the granule releasing P even in very dry conditions. Despite the
movement shown in Figure 3.4, phosphorus in the soil is relatively immobile. Many chemical
reactions take place when phosphorus is applied to the soil, and only a small proportion remains in
solution and readily available to the plants (see Chapter 9.2.5). The remainder is ‘bonded’ (or ‘fixed’
or ‘sorbed’) in a less available form to the surface of the soil clay particles and organic matter. A
proportion of this fixed phosphorus does become available over a period of time and is referred to
as the soil phosphorus reserve — See Section 3.4.2.3.3 ‘Soil sorption’.
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Figure 3.4 The phosphorus cycle of a dairy pasture

3.4.2.3 Losses of phosphorus

Phosphorus; supplied either as fertiliser applications or naturally from the soil, undergoes losses by
various mechanisms. These losses occur by:
» Product removal.
» Redistribution of ruminant dung.
» Soil losses:
0 Leaching.
o Surface runoff.
o Soil sorption (fixation).
o Erosion.

3.4.2.3.1 Removal of phosphorus in plant and animal products

Phosphorus is lost from the pasture in plant and animal products (milk and meat). Cutting hay or
silage on a paddock and not feeding it back on the same paddock can very quickly ‘mine’ the
paddock’s fertility. Product removal off farm will result in a certain amount of phosphorus leaving the
farm. Milk production results in much higher removal rate of phosphorus than does beef or wool
production.

3.4.2.3.2 Redistribution of faeces

Large quantities of phosphorus can be removed or relocated within the growing pasture through the
behaviour and management of the dairy herd. Cows graze pasture from all over the paddock but
deposit a greater proportion of dung around gateways, stock camps, feedpads, shelter belts, water
troughs, and other places where cattle gather. Dung dropped on the dairy yard and laneways can
account for approximately 10% of total dung. The amount will vary according to how long the
animals have been off pasture and their level of harmony in the dairy shed and yard. Cattle will
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deposit more dung and urine in the laneways, shed and yard if they are continually upset by dogs or
operators. The nutrients contained in dung, urine, milk and those retained are listed in Table 3.2.

Table 3.2 Fate of nutrients consumed by lactating dairy cows.

NUTRIENT % IN FAECES % IN URINE % IN MILK % RETAINED
Nitrogen (N) 26 53 17 4
Phosphorus (P) 66 0 26 8
Potassium (K) 11 81 5 3

Source: During (1984).

Proportionally more of the phosphorus taken up by dairy cows when they graze pasture is retained
by the cows and lost from the grazing area than is the case for potassium and nitrogen. Conversely,
most of the potassium ends up in the urine. Table 3.2 illustrates just how little of what is eaten by a
lactating dairy cow is actually retained. For information on cycling 