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Media summary

MEDIA SUMMARY

A maijor national project to evaluate the benefits of compost to vegetable production has
demonstrated compost consistently increases marketable yield and improves soil quality. Its
continued use will build soil nitrogen and carbon, increase soil biological activity and cation
exchange capacity, increase water holding capacity, reduce bulk density and stabilise pH.
This leads to increased returns and benefits for growers, the environment and the wider
community.

When transplanting leafy crops good quality compost has been shown to elevate plant
available nitrogen increasing yields and potentially allowing major reductions in applied
fertiliser. Root crops were shown to be sensitive to compost quality and yield and quality
increases were not as dramatic. To gain the full advantage of using compost on these crops
it will be necessary to adjust fertiliser programs to account for the improved soil fertility.

Improved marketable yield and savings in fertiliser alone have been sufficient to return extra
dollars particularly on light sandy soils. The greatest benefits arise when its regular use
effectively ‘bullet proofs’ the soil against unanticipated climatic events, irrigation or equipment
failure and human error that would otherwise result in loss of potential yield.

This is because compost increases soil organic matter which increases the soils ability to:
o Hold crop available nutrients and water.
o Maintain and improve soil aeration and drainage; and

o Maintain optimal pH and reduce erosion.

One of the most important findings has been the ability of compost to increase the supply of
plant available nitrogen and potentially reduce the need for large amounts of inorganic
nitrogen. It contains useful quantities of plant available phosphorus, potassium and
magnesium and the nitrogen it contains is retained in the soil and is available for future crop
use. To achieve full benefits growers will need to incorporate the use of compost into their
normal management programs and the report acknowledges that a number of changes and
developments are needed before growers will use compost on a large scale.

The findings highlight the potential for compost to contribute to the development of 'best
practice’ production systems that further improve productivity by making better use of
fertiliser, irrigation and pesticides and that produce more consistent, better quality crops with
less impact on soil and ground water quality.

The level of improvement in soil and crop performance that can be achieved by using
compost will depend on the concentration at which soil carbon reaches equilibrium within the
applied management system. The report discusses the need to change management
practices to increase soil organic matter levels further and achieve greater potential benefits.

Aspects of compost quality that improve its performance have been identified and made
available to the composting industry. However the challenge to the composting industry is to
implement quality management that will consistently deliver the quality required for vegetable
production.

In the short term, achieving greater use of compost by the vegetable industry relies on
reducing its cost. Since the benefits of use extends to the wider community through assisting
the beneficial reuse of organic wastes, increasing the proportion of cost borne by the waste
producers will provide a mechanism to reduce cost.
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Technical summary

TECHNICAL SUMMARY

This project was established to quantify and promote the benefits of using compost in
Australian vegetable production. Vegetable production faces multiple challenges of
improving productivity, meeting growing demands for ‘safe, clean and green’ produce and
managing increasing costs and competition while demonstrating sustainable use of soil and
water resources.

Both urban communities and agriculture are also being challenged to implement ‘zero waste’
principals that include environmentally and socially acceptable recycling of their wastes. This
project therefore explores the potential for utilising principally organic wastes to the benefit of
both agriculture and the wider community.

The research and development program involved fertiliser
replacement, production system evaluation and commercial
demonstration sites. A series of nutrient replacement trials were
established to determine the adjustment in fertiliser program
required to accommodate nutrients provided by compost.
Replicated split plot experiments were established to evaluate the
nitrogen (both WA and Victoria), phosphorus and potassium (WA
only) contributions from a commercial urban greenwaste based
compost, applied at 0, 30 and 60 m*/ha. The nutrient under investigation at each trial site
was applied at five rates from 0 to 125% of commercial practice and other nutrient
requirements were applied in accordance with current best practice. Crop rotation reflected
regional commercial practice and where possible combined a root and leafy crop.

The System evaluation trial site in WA allowed comparison of three
independently irrigated soil management strategies involving
conventional inorganic best practice, compost and compost
combined with clay soil amendment. Compost was applied at 30
m?/ha prior to each crop and the clay content in the clay amended
plots was adjusted to 5% in the top 15 cm, prior to trial
commencement. In Victoria the focus was on the use of composts
made from different feedstocks and the resultant impact on
compost quality and performance.

In WA, the sandy soils allowed the installation of lysimeters at both the fertiliser and system
sites and combined with electronic tensiometers, allowed detailed monitoring of both
irrigation and nutrient management in selected treatments.

In all but one of the 17 trials conducted, yields improvement was indicated. Based on the
cheapest fertiliser chemicals, savings in nitrogen, phosphorus and potassium, together with
other key nutrients, initially accounted for half of the typical cost of applying compost and with
continued use, savings increase to two thirds of the applied cost.

Significant improvements, particularly on the sandy soils, were noted in all soil characteristics
measured, including increased soil organic matter, organic nitrogen, biological activity and
diversity, cation exchange capacity, volumetric soil moisture along with improved soil pH and
reduced bulk density. The addition of clay at the system site further added to both crop and
soil performance.

Gross marginal analysis indicated that the use of compost in vegetable production will
increase returns. Further when events such as irrigation failure and or unseasonal
conditions resulted in crop stress, the improvements to soil performance associated with
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regular compost use had the potential to produce large increases in crop and therefore
returns.

The potential for vegetable production and other horticultural crops to reuse large volumes of
reclaimed water from waste water treatment plants creates a need to establish permanent
areas or precincts for horticultural production. Apart from challenging the current planning
process of continuous urbanisation, the protection of groundwater quality within these
precincts will require changes to the current farming system. Combining the reuse of
organic wastes to improve soil organic matter and soil performance with the adoption of
better management will significantly increase the level of groundwater protection that can be
achieved.

Despite the demonstrated improvement in returns, growth in the use of compost in vegetable
production continues to be limited. Results at commercial demonstration sites have also
generally been positive, but in reality the increases achieved have not been sufficient to
overcome:

o cost and a reluctance to alter existing management practices;
. difficulties with making adjustments to fertiliser program; and

o requirements for storing and spreading compost and growers’ limited experience with
its successful use coupled to either first or second hand experiences with poor quality
compost.

Results from the PhD program at the University of Western Australia confirmed that compost
makes a significantly greater contribution to the development of soil organic matter than
poultry manure. However, the reality is that while there is unrestricted access to low cost raw
manures the higher cost and lower nitrogen availability of compost will significantly limit its
use by most growers.

Progress is being made in developing
suitable application equipment and positive
results associated with compost use in an
increasing range of crops are accumulating.
The current national Compost Roadmap
Project, with a focus on developing
agricultural compost markets, will assist and
potential changes to policies governing the
application of organics to land will address some of the competitive
inequities that currently reduce compost’s competitiveness.

The mobility of inorganic nitrogen in all soils and its impact on groundwater quality is a major
challenge for vegetable production. While losses will be reduced by further improving
fertiliser and irrigation practices, the use of compost will increase and maintain soil nitrogen
and organic matter and provide significant additional capacity to manage nitrogen loss and to
use less nitrogen.

Greater research and development focus on ‘Carbon based vegetable production’ to further
increase soil organic matter levels will maximise the potential to reduce nitrogen, irrigation
and pesticide usage.

Work to develop these systems will usefully integrate aspects of cover cropping, permanent
bed production (Rogers 2002) and possibly sub-surface irrigation with compost use to
develop lower input, high performance production systems that better meet the combined
needs of greater productivity, better resource protection and the production of safe healthy
fresh food.
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INTRODUCTION

The aim of this project and previous work undertaken by the Department of Agriculture,
Western Australia has and continues to be the development of:

) Productive vegetable (horticultural) production based on using compost to build and
maintain soil organic matter; and

) These industries as a sustainable market for the reuse of organic wastes from
agricultural and urban sources.

This project followed on from a one year project funded by Horticulture Australia, then
HRDC, VG 98079 ‘Soil amendments to improve vegetable production on sandy soils’ (Paulin
1999), and was the outcome of a national workshop in Adelaide in 1998. At this workshop,
participants divided into two groups that worked on the:

o Use of compost in horticulture — resulting in this project; and

) Soil management regimes based on rotation and cover cropping — resulting in the
project VG 98050 ‘Development of a sustainable integrated permanent bed system
for vegetable production including sub-surface irrigation extension’ by Gordon Rogers
et al. (Rogers 2002).

The project ‘Developing productive vegetable production based on the use of composted soil
amendments’ commenced in 2000/01. It had three components that were conducted in
Western Australia, Victoria and at the University of Western Australia:

) Quantifying the nutritional benefits of composted soil amendments in terms of its
contributions to crop requirements for nitrogen, phosphorus and potassium — Fertiliser
Replacement Trials.

o Identifying elements of a production system that could maximise the economic benefits
of using these materials in vegetable production — System trials; and

o Quantify potential improvements to crop quality and performance — all trials and grower
demonstrations.

In Western Australia, the major component of the project, work was conducted on light sandy
soils.

In Victoria a project team lead by Kevin Wilkinson carried out a reduced but similar program
on heavy soils at the Knoxfield research site and on grower properties at Werribee.

The project funded a PhD studentship at the University of Western Australia to investigate
aspects of biological activity, soil health and fertility associated with the use of composted
soil amendment in vegetable production. The studentship was awarded to Tamara Flavel
and while focussing on the coarse sands in Western Australia, elements of the work were
carried on heavy soils at the Victorian Knoxfield site.

The project acknowledged the potential for soil organic matter to contribute to productive
vegetable production in a number of ways and sought to quantify them in order to encourage
the use of compost in commercial vegetable production. While the focusing on improved
productivity in terms of marketable yield and fertiliser savings, the production system element
of the Western Australian work also investigated potential irrigation savings.

There is extensive literature on compost, its production and use and this was reviewed when
the Department of Agriculture, WA commissioned the study by Tingay @ Associates (Tingay
1997). The report titled ‘Potential use of soil amendments in horticulture’, underpinned the
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commencement of investigations into how compost could be used in horticulture to improve
productivity and provide a sustainable market for the reuse of organic wastes. Further
reviews were conducted in conjunction with this and the previous HRDC funded project
submissions.

While supporting the potential for compost to improve most if not all aspects of vegetable
production, these studies highlighted the need to investigate and quantify within a local
context, the range of benefits and to consider management changes that could maximise
these benefits. In addition to quantifying benefits in terms of crop production and fertiliser
use, the project was also established to:

) Further develop our understanding of critical compost quality requirements.
o Quantify improvements to irrigation use.
o Identify improvement to soil performance, health and fertility; and

o Contribute to economically, environmentally and socially sustainable outcomes for
vegetable production.

Growing environmental concerns associated with vegetable production in particular arise
from its intensive management and continuous cropping, frequent proximity to estuaries and
other environmentally sensitive areas, its extensive use of irrigation that often utilises
unconfined aquifers for self irrigation and the nature of soils used (Paulin et al. 1995). While
the nutrient concerns initially focussed on phosphorus, nitrogen has now become the main
focus.

Vegetable production on the sandy soils of the Swan coastal Plain in Western Australia
utilise very high levels of nitrogen fertilisers and frequently applying 300 and 400 kg per ha
per crop. With crop recovery rarely better than 25% and between two to three crops per
year, losses on nitrogen to ground water are significant.

It is increasingly acknowledged that soil organic matter is capable of making a significant
contribution to the nitrogen requirements of vegetables and that for this to become a reality,
more emphasis on building soil organic matter levels is necessary.

Composting is an essential step in the process of building and maintaining soil organic
matter levels because it provides a mechanism for managing risks of introducing disease,
weeds and pests as well as other contaminants that are inevitably associated with organic
wastes. The composting process typically requires blending of different feedstocks for best
process management and this also provides opportunity to manage heavy metal and other
contaminants by dilution as well as mechanical means.

Organic materials typically comprise 50 to 60% of the total waste stream and their impact on
greenhouse gas production, mainly methane and groundwater pollution emerged as major
concerns. Recently the national consulting company, Noland ITU (August 2004) released a
statement that the annual environmental cost of landfill associated with major Australian
cities is an estimated $670m and that this is over twice their estimate of the National cost of
salinity.

Outcomes from these concerns have resulted in various landfill reduction targets (in Western
Australia a 50% reduction by 2000 was set) and from the outset, agriculture was recognised
as a major potential market for the organic waste component.
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However despite progress in some market sectors, most diversion targets proved to be
unrealistic and around Australia these targets have been replaced with the concept of ‘Zero
Waste’. In Western Australia; the States Strategic Direction for Waste Management’ released
in August 2003 has endorsed a strategy that will work towards ‘Zero Waste’ by 2020.

An important component of the zero waste has been
the general agreement on a Waste Management
hierarchy based on principals of avoid, minimise,
recycle and energy recovery as options with
diminishing priority and disposal or land filling being
considered the option of last resort. This hierarchy is Incrgasing
summarised in Figure 1 and in this framework, energy  acceptability
recovery as well as landfill or disposal represent the

failure to achieve zero waste.

Recycling organic waste to build soil organic matter -
has the potential to improve agricultural production

and soil performance, to address organic waste Figure 1. Hierarchy of acceptability for

management issues, and to better manage principal mechanisms of
environmental and social concerns associated with waste management.
agriculture.
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Section 1 — Fertiliser Replacement Trials — Western Australia

SECTION 1 — FERTILISER REPLACEMENT TRIALS — WESTERN
AUSTRALIA

Introduction

A series of trials were carried out over three years at the Medina Research Station to
determine the Nitrogen, Phosphorus and Potassium fertiliser value of greenwaste, manure
based compost applied to coarse sandy soil when growing lettuce and carrot in rotation.

Lettuce and carrots were selected as important crops grown on the Swan Coastal Plain and
were grown in rotation, representing typical practice of alternating leaf and root crops in order
to minimise disease build up.

Crop performance as total and marketable yields were measures along with changes to soil
organic matter and other soil physical and chemical properties including bulk density, cation
exchange, volumetric soil moisture and pH were made and lysimeters were installed under
selected plots to enable nutrient cycling and leaching to be monitored.

Field research into the management of soil biological activity and related aspects of soil
fertility in vegetable production was conducted in conjunction with a Post Graduate Doctoral
Study supervised by the University of Western Australia. This program was undertaken at
the Nitrogen Replacement trial site.

Materials and Method

The experiments to determine the fertiliser replacement value of compost were conducted on
uncropped grey ‘Grey phase’ Karakatta sands (Bettenay et al. 1960) of low natural fertility at
the Medina Research Centre. The top 10 to 15 cm of soil at the site was intensively soil
sampled prior to commencing the trial program. The samples were analysed by the
Government Chemistry Centre in Perth and the results are provided in Table 1.0.

Three separate but adjacent sites were established to determine the Nitrogen, Phosphorus
and Potassium value of greenwaste, manure based compost for vegetable production. This
was achieved by measuring the effect compost application had on crop response to different
levels of applied nutrient. Diagrammatic representation of the overall research site at the
Medina Research Station, including the System Trial Site is provided by Diagram 1.1 and the
block layout of treatments for the series of fertiliser replacement trials, is shown in

Diagram 1.2.

Each site had four replicated blocks of five main plots (two types of compost, one finished
and one matured, at 30 and 60 cubic metres per hectare plus a zero control). Each main plot
was subdivided into five sub plots to which five levels of either Nitrogen, Phosphorus or
Potassium fertiliser was applied. Three crops of a lettuce, carrot rotation were grown on the
Phosphorus and Potassium sites and seven on the Nitrogen site.

Main plots were 1.72 m wide (tractor width) and 42.75 m long, separated by a 0.53 m buffer.
Each sub plot was 6 m long and separated by a 2.5 m buffer. After bed formation the top
surface of each plot was approximately 1.2 m wide and a bed area of 1.2 x 6 m was used to
calculate the inorganic fertiliser addition. Compost was applied evenly to the full area of the
main plot before being incorporated into the top 10—-20 cm of the bed.

Each site was irrigated by three lines of Nelson ‘Windfighter R2000 gold nozzle sprinklers
set at 12 x 12 m square pattern and operated at 350 kPa.
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Table 1.0. Soil analysis of to 15 cm of soil at the fertiliser replacement trial site at the Medina Research
Station, prior to commencing the trial program

Analyte Unit Site
Nitrogen Phosphorus Potassium
Phosphorus (HCO3) mg/kg 14.8 £ 0.96 11.6+£1.44
Total mg/kg 69.2+4.0
Potassium (HCO3) mg/kg 13.40 £ 1.38 12.0+1.8
Nitrogen (N) Total % 0.028 + 0.006 0.025 + 0.005
N_(NH4) mg/kg 5.60 £ 0.77 3.7+1.1 36+1.0
N_(NO3) mg/kg 1.20+0.44 2.0+0.6 1.0+0
Organic Carbon (W&B) % 0.58 + 0.16
pH 5.80 £ 0.23 7.00+0.43 6.40 + 0.46
Exchangeable Cations** Cmol(+)/kg 2.59 + 0.56 2.59+0.28 3.01+£0.77
Electrical Conductivity mS/m 85+1.1 10.8+1.8 3.7+1.0

* Values are averages of 12 composite samples + Standard Deviation of 15-20 cores taken every 2 metres in a

zig zag pattern across each site.
** ¥Exch.(Ca + Mg + Na + K).

Compost

Efforts were made to ensure that the
compost used would be suited to use in
vegetable production. The compost was
sourced from a single producer supplying a
premium product for vegetable production
over the entire trial program and analysis for
each of the batches used is provided in
Appendix 1.1.

The compost used was made primarily from
urban green waste and caged layer or broiler
chicken manure and had been finished to two
maturity levels. The compost was produced
in open windrows over 12 to 14 weeks. It was
turned using a windrow turner in response to
core temperature, moisture and oxygen
levels. On delivery to the trial site, half of the
compost was then placed in a covered
concrete bunker and further matured for two
to three months. During this period, core
temperatures and moisture levels were

Diagram 1.1.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,

,,,,,,,,,,,

Vegetable compost trial areas at the
Medina research Station and layout of
fertiliser replacement and the System
trials (not to scale).

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
System trial site — three treatments and

four replicates

Nitrogen replacement
trial site

Potassium replacement
trial site

Phosphorus replacement
trial site

monitored and it was turned using a front-end loader at approximately two weekly intervals.
With the exception of the first nitrogen replacement trial, the two levels of compost maturity
were achieved by using the current delivered compost (A) and the previously delivered
compost (B) that has been further processed during the life of the previous crop. Compost
along with basal fertiliser requirements were applied and incorporated with a rotary hoe into
the top 10 cm of soil, 7 to 10 days prior to crop establishment.

10
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Fertiliser replacement trials

Three trial sites for
Nitrogen, Phosphorus and Potassium

Four N
Replicates
or blocks
5 fertiliser rates - 0, 25, 50, 5 Main compost plots -
75, 100 125% of current 0, 30 and 60m*/ha and
practic two maturitie
O
o
c
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Diagram 1.2. Fertiliser replacement trial detail at the Medina Research Station (not to scale).

Nitrogen and potassium were applied as combinations of ammonium nitrate, ammonium
sulphate and potassium nitrate, dissolved in water weekly throughout the life of the crop.
Phosphatic fertiliser was applied as a single application of either single or double super
phosphate immediately prior to planting the crop. Apart from the nutrient under investigation,
fertiliser programs were based on best commercial practice. In addition to the three major
nutrients, other major and minor nutrients were also applied in accordance with commercial
practice.

All three sites were treated with Metham Sodium prior to the commencement of the trials and
standard commercial weed and pest control practice was applied to all crops.

11
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Lettuce was planted as seedlings at a spacing of 40 cm between rows and 30 cm between
plants within rows. Each tray of 144 seedlings was drenched with 500 mL of a solution of
40 g/L of Potassium Nitrate prior to planting and all plots were sprayed with the same
solution at a rate of 1000 litre/ha the day after transplanting and then every second day

(3 times) prior to the first application of fertiliser treatments.

Carrots were seeded using an Agricola air seeder, 4 doubles per 1.2 m bed, to achieve a
density of approximately 70 plants per square metre.

Measurements and harvest

For each plot a composite soil sample of 10, 32 mm auger holes to 15 cm, was analysed for
nutrients at planting and harvest. Samples of 15-30 cm and 30—45 cm depth were collected
at the commencement and completion of the trials on each site.

Youngest fully expanded leaf samples taken from each plot were analysed and the nutrient
status of the plants at harvest determined.

For each plot a single sample of 12 lettuce plants was harvested to calculate crop production
of lettuce mid growth and 2 samples of 12 whole plants were taken at final harvest. Whole
plants were taken from the field, weighed and export heads removed. Two one metre
lengths of the two inner double rows of carrots were harvested to calculate mid and final crop
production of carrot crops. Carrots were washed and graded for quality into the categories:
export marketable 150 long and 25-50 mm crown diameter; short marketable 120-150 long
and 25-50 mm crown diameter; oversize > 50 mm crown diameter; forked; misshapen; split
and underweight, to description level A, as described in “Carrot Product Description
Language” Bulletin 4561 ISSN 1326-415X Department of Agriculture Western Australia.

Whole plant samples for nutrient balance calculations were taken at each harvest.

The volume of leachate collected in 45 drainage Lysimeters installed below strategic
treatment plots was measured and sampled weekly. Irrigation and rain for these plots were
recorded by rain gauge. Weekly samples were analysed separately for the first trial on each
site only. Subsequently samples were bulked each fortnight or four weeks in proportion to
volume collected and selected trials analysed.

At the nitrogen site, where the interested was in determining if compost reduced or increased
the amount of nitrogen leached under normal fertiliser practice, lysimeters were located
under 3 replications of the control plots with no applied Nitrogen and all main plot
combinations at the 3™ level of applied Nitrogen. Lysimeters were also installed in plots
treated with 60 m> of compost A and B with the highest level of applied Nitrogen.

At the phosphorus site lysimeters were installed under 3 replications of main plot
combinations receiving no applied Phosphorus to determine the level of P leaching from the
composts. The impact fertiliser P had on P leached from compost was measured on the
Nitrogen site. The effect compost has on Potassium leaching was measured using leachate
collected from the Nitrogen site. Lysimeters installed in the control plots on the Potassium
site gave an estimate of the amount of K leached from the soil without compost or fertiliser.

Soil moisture was continuously monitored by tensiometers set at 15, 30 and 45 cm depth in a
sub plot receiving the 4™ highest level of the nutrient being tested for each main plot.

Soil bulk density, soil volumetric water content and soil strength was determined on two
occasions on the site used to evaluate nitrogen and once during the demonstration trials.
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Section 1 - Fertiliser Replacement Trials — Western Australia
Results — N replacement — Lettuce Crop 1

Results were analysed using GENSTAT release 6 and 7 (split plot design with linear and
quadratic contrasts and interactions for level of applied nitrogen).

Results — Nitrogen replacement trial site

Crop 1 - Lettuce

Iceberg lettuce seedlings, variety Silverado, were transplanted on 19 April 2001 and the
following fertiliser treatments applied. The lettuce was harvested on 27 and 28 June
(69 days). Intermediate growth was recorded on 15 May (25 days) and 5 June (46 days).

Treatment C°m'°%3‘ rates Nitrogen rate kg N/ha
m/ha
Control Nil N1 Nil
A1/B1 30 N2 175
A2/B2 60 | N3 285
N4 395
N5 510

Phosphorus (P) was applied at a rate of 200 kg of P per hectare together with a complete
trace element mix as a single application across the site prior to planting. All treatments
received 340 kg of Potassium and 28 kg of Magnesium per hectare. The Nitrogen
treatments, together with Potassium and Magnesium were applied by watering can as

9 equal weekly applications.

Compost quality

Compost A failed to meet many of the criteria desired. The carbon to nitrogen ratio of 28
was high, it contained no plant available Nitrogen and the nitrogen drawdown index of 0.21
indicated it still contained readily available carbon. Although compost B had been heaped
and stored for almost 9 months after its initial ‘thermophilic’ composting period it was similar
to compost A. However, it’'s carbon to nitrogen ratio, 21, was lower, it contained more than
twice as much Phosphorus and the Nitrogen Drawdown index of 0.50 indicated it had
acceptable low available Carbon (Appendix 1.1, Compost 1A & B).

Carbon Nitrogen
Compost Nitrogen | Drawdown | Toxicity NiI::)taLn NH, + NO; N?;{:‘:)H“
Ratio Index 9
Critical value <20 >0.5 > 60 >1.0 >100 >0.14
Compost 1A 28 0.21 55 1.3 <1.0 <041
Compost B 21 0.50 57 1.5 <1.0 <0.1

Fresh weight - 25 days

Analysis showed that control, and plots treated with different types of compost responded
differently to applied nitrogen (P < 0.01). An exponential curve fitted to treatment means
gave a probability of < 0.001 and accounted for 96.8 per cent of the variance (Figure 1.1).
The relationship of total fresh weight of lettuce produced at harvest and nitrogen was
described by the functions:

Control = 6.17 — 3.378 (0.97965)'"°%e"
Compost A = 6.066 — 3.238 (1.0)"N"osen
Compost B = 7.086 — 3.415 (0.98688) reen
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Section 1 - Fertiliser Replacement Trials — Western Australia
Results — N replacement — Lettuce Crop 1

While there was little response to applied nitrogen beyond 60 kg/ha there was a trend for
plots treated with compost B to have higher fresh weights.

8 4

Control = = = CompostA ------ Compost B
7 |
L ¢
6 - __-A ..... .."'-----.--
*
4
S5 ’
D i
= Levels of N
O 4|
=4 ." Control
' Vs Control
1
34 Composts
5% LSD between
Compost A
2 I Vs I Composts
Compost B
1 T T T T T T T T T T

20 0 20 40 60 80 100 120 140 160 180
Nitrogen (kg/ha)

Figure 1.1. Fresh weight of lettuce harvested at day 25.
Plant analysis
Nitrogen

The linear relationship of concentration of nitrogen in whole plant tissue to applied nitrogen
was different for control, and plots treated with different compost types (P < 0.05).
Regression analysis revealed the relationship to be weak and generated by a relatively low
concentration in compost A treated plots receiving no additional nitrogen and a relatively high
concentration for compost A treated plots receiving the highest nitrogen application. With the
exception of the nil application, all treatments exceeded levels considered adequate for
lettuce (Table 1.1).

Table 1.1. Nitrogen in whole plant at 25 days (% db)

Treatment Nitrogen application kg/ha

0 58 95 132 170
Control 2.59 3.68 3.48 3.65 3.81
Compost A 2.47 3.64 3.76 3.78 412
Compost B 2.79 3.65 3.96 3.59 3.77

Isd 5% Control vs Composts 0.50

CompostAv B 0.41

Controls between Nitrogen 0.62

Compost between Nitrogen 0.44
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Section 1 - Fertiliser Replacement Trials — Western Australia
Results — N replacement — Lettuce Crop 1

Phosphorus

The phosphorus content of whole plant showed a different quadratic response to level of
applied nitrogen at each rate of compost (P < 0.01; Table 1.2). While differences between
treatments were recorded and plots receiving zero nitrogen recorded lower values they were
considered adequate and higher values for compost treated plots were consistent with the
compost supplying additional Phosphorus.

Table 1.2. Phosphorus content of whole lettuce at 29 days (% db)

Treatment Nitrogen application kg/ha
0 58 95 132 170
Control 0.49 0.65 0.60 0.61 0.67
30m? 0.51 0.61 0.62 0.62 0.69
60 m* 0.50 0.64 0.67 0.64 0.64
Isd 5% Control vs Composts 0.067
Compost 30 m* v 60 m® 0.054
Controls between Nitrogen 0.072
Compost 30 m? and 60 m® between Nitrogen 0.051
Potassium

Analysis showed that on average plots treated with compost had a higher Potassium
concentration, i.e. 6.09 per cent compared to 4.8 per cent recorded for control plots

(P <0.001). Whole plant Potassium content for treated plots gave a different quadratic
response to applied nitrogen than controls (P < 0.01). Exponential curves fitted to the
treatment means (P = 0.006) accounted for 91.3 per cent of the observed variance

(Figure 1.2). The concentration of Potassium in whole lettuce was described by the
functions:

Control =4.877 — 0.0039 (1 031 O)AlNitrogen
Treated = 6.399 — 0.929 (0.9822)" Ntogen

7 A

Treated
654 . ..
I R
6 - P
3 -7
X 55 ¢
g 5 A " Control
@
©
45 M
o
4 &0
5% LSD I Control Treated
3.5 4
Control Vs Treated Between Levels of N
3 : T : T : T : T : T : T

T : T : T
0 20 40 60 80 100 120 140 160 180
Nitrogen Fertiliser (kg/ha)

Figure 1.2. Potassium content of whole lettuce at 26 days.

Levels in the control treatment were lower than those required to achieve maximum vyield in
lettuce on the Potassium site (Table 1.184, Figure 1.31).
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Section 1 - Fertiliser Replacement Trials — Western Australia
Results — N replacement — Lettuce Crop 1

Plant uptake of nitrogen phosphorus and potassium

Total plant uptake of N and P was similar for all treatments and showed a quadratic response
to applied Nitrogen (Table 1.3).

Table 1.3. Plant uptake of Nitrogen and Phosphorus 26 days (kg/ha)

Applied Nitrogen kg/ha 0 58 95 132 170
Nitrogen 6.33 14.40 15.07 15.88 17.05
Phosphorus 1.21 2.48 2.54 2.72 2.92

Uptake of K was higher for treated plots (23.43 kg/ha) compared to controls (17.5 kg/ha)
(P < 0.001) and the amount of K taken up by plants showed a different linear response to
applied nitrogen for control and treated plots (P < 0.05; Table 1.4).

Table 1.4. Plant uptake of Potassium (kg/ha) at 26 days

Nitrogen application kg/ha
Treatment
0 58 95 132 170

Control 10.35 19.21 18.87 20.36 18.70

Compost 13.28 24.38 24.59 26.84 28.07
Isd 5% Control vs Compost 4.42
Isd 5% Control between N levels 5.55
Isd 5% Compost between N levels 2.77

Harvest - 45 days
On average plots treated with compost B yielded greater fresh weight, Table 1.5 (P = 0.06).

Table 1.5. Fresh weight of Lettuce at 45 days (t/ha)

Treatment t/ha

Control 26.6 a*
Compost A 28.0a
Compost B 29.1b

* Values followed by a similar subscript are not different (P > 0.06).

Exponential curves fitted to plot data accounted for 94.8 per cent of the variance and showed
plots treated with different compost responded differently to applied nitrogen (P < 0.001).
The relationship of fresh weight of lettuce harvested at 69 days and applied nitrogen was
described by the functions:

Control =40.46 — 36.37 (0.000428)"'\‘”.rogen
Compost A = 41.87 — 36.37 (0.000428)" r\lhtrogen
Compost B =43.41 — 36.37 (0.000428)ANltrogen
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Section 1 - Fertiliser Replacement Trials — Western Australia
Results — N replacement — Lettuce Crop 1
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Figure 1.3. Fresh weight of lettuce harvested 45 days.

Final harvest - 69 days

Within the main plot stratum there was a significant effect of compost on total (P < 0.05) and
market weight (P < 0.001) of lettuce and a quadratic response to applied nitrogen. The
quadratic response of processed head weight to applied Nitrogen was different (p < 0.05) for
control and treated plots. An exponential curve fitted to the plot data gave a probability of

< 0.001 and accounted for 97.8 per cent of the variance (Figure 1.4). The relationship of
processed head weight of lettuce produced at harvest and nitrogen was described by the
functions:

Control =79.17 — 73.35 (0.991975) Mroser
Treated = 82.54 — 73.35 (0.991975)"osen

50 -
45 -
40 -
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30 -
25 -
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Control
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15 4 Y Between N levels
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Figure 1.4. Weight of processed head of lettuce at 69 days (t/ha).
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Section 1 - Fertiliser Replacement Trials — Western Australia
Results — N replacement — Lettuce Crop 1

Percentage head

Compost increased the percentage head recovered from lettuce (P < 0.01) and different
rates of compost gave a different linear response to applied nitrogen (P < 0.05; Table 1.6).

Table 1 6. Processed head as a percentage of the total plant harvested

Treatment Nitrogen application kg/ha
10 180 290 405 515
Control 0 58.2 58.1 57.9 57.0
30m® 0 60.0 60.5 59.4 59.7
60 m* | 0 59.7 61.1 60.9 61.4
Isd 5% Control vs Composts 1.86
Compost 30 m® v 60 m* 1.52
Controls between Nitrogen 1.95
Compost 30 m® and 60 m® between Nitrogen 1.38

Nitrogen, Phosphorus and Potassium content of whole plant

Nitrogen

While plant N content was similar within nitrogen applications, on average, plots treated with
compost A gave lower N concentrations (P < 0.05) (Table 1.7).

Table 1.7. Nitrogen Concentration (% db) of whole plant

Nitrogen application kg/ha
Treatment
10 180 290 405 515 Average*
Control 1.08 2.48 3.04 3.75 3.84 2.84a
Compost A 0.98 2.42 2.94 3.40 3.60 2.67b
Compost B 1.04 2.45 3.01 3.45 3.70 2.79a
Phosphorus

Although analysis of variance showed a different quadratic response (P < 0.05) of plant P
content to applied nitrogen for control and compost treated plots this was generated by a
relatively high concentration recorded in control plots treated with 515 kg of nitrogen

(Table 1.8). Recorded levels were within the expected range. An exponential curve fitted to
the plot data accounted for only 39.5 per cent of the variance.

Table 1.8. Phosphorus content (% db) of whole lettuce at harvest

Nitrogen application kg/ha
Treatment
0 180 290 405 515

Control 0.405 0.488 0.478 0.518 0.645

Compost 0.418 0.506 0.519 0.548 0.538
Isd 5% Control vs Compost 0.072
Isd 5% Control between N levels 0.093
Isd 5% Compost between N levels 0.046
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Section 1 - Fertiliser Replacement Trials — Western Australia
Results — N replacement — Lettuce Crop 1

Potassium

Within the main plot stratum the concentration of potassium in whole plant increased with
rate of compost, i.e. the 4.98% recorded for control plots was less than the 5.48% recorded
for plots treated with 30 cubic metres of compost which was less than the 5.80% recorded for
plots treated with 60 cubic metres (P < 0.05). There was a different linear response

(P < 0.05) for control and treated plots for potassium concentration in whole plant to
increasing nitrogen application but the regression accounted for only 25 per cent of the
variance (Table 1.9).

Table 1.9. Potassium content (% db) of whole lettuce at harvest

Nitrogen application kg/ha
Treatment
0 180 290 405 515

Control 3.995 5.942 4.982 5.137 4.817

Compost 3.907 6.174 6.251 6.274 5.60
Isd 5% Control vs Compost 0.684
Isd 5% Control between N levels 0.870
Isd 5% Compost between N levels 0.435

Plant uptake of Nitrogen, Phosphorus and Potassium
Plant uptake of N, P, and K showed a quadratic response to applied nitrogen (Table 1.10).

Table 1.10. Plant uptake of Nitrogen, Phosphorus and Potassium (kg/ha)

Nitrogen application kg/ha
Treatment
0 180 290 405 515
Nitrogen 8.3 79.0 100.6 122.5 135.7
Phosphorus 3.3 16.2 16.7 18.7 20.2
Potassium 31.1 195.6 199.8 210.1 197.4
Nitrogen

Within the main plot stratum plants treated with compost absorbed more Nitrogen

(92.9 kg/ha) than plants grown in control plots (89.4 kg/ha) P < 0.01. Plots treated with
60 m* of Compost A absorbed less Nitrogen than all other main treatments (Table 1.11;
P =0.04).

Table 1.11. Nitrogen uptake by lettuce top (kg/ha)

Compost
Treatment 3 3
Nil 30m 60 m
Control 89.4b*
Compost A 90.5b 80.5a
Compost B 92.6b 93.1b

*

Values followed by a common subscript are not different (P > 0.05).
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Section 1 - Fertiliser Replacement Trials — Western Australia
Results — N replacement — Lettuce Crop 1

Potassium

The linear response of plant uptake of Potassium to applied Nitrogen was different for plants
grown in Control and Compost treated plots (Table 1.12; P < 0.05).

Table 1.12. Uptake of Potassium by whole lettuce at harvest (kg/ha)

Nitrogen application kg/ha
Treatment
0 180 290 405 515

Control 23.0 196.8 165.3 178.6 161.2

Compost 33.1 195.3 208.4 218.0 206.5
Isd 5% Control vs Compost 26.6
Isd 5% Control between N levels 35.7
Isd 5% Compost between N levels 17.8

Wrapper leaf analysis at harvest

Nitrogen

Nitrogen concentration of the youngest mature heart wrapper leaf at harvest was similar to
whole plant (Table 1.13) and on average compost A recorded a lower concentration of N
(P < 0.05). Nitrogen concentration increased with increasing level of applied N and plants
receiving less than 290 kg of applied Nitrogen were below the critical deficient level.

Table 1.13. Nitrogen concentration of wrapper leaf (% db)

Nitrogen application kg/ha
Treatment
10 180 290 405 515 Average*
Control 1.1 2.25 2.83 3.34 3.59 2.624a
Compost A 0.95 2.32 2.86 3.25 3.49 2.573b
Compost B 1.01 242 3.00 3.43 3.60 2.693a
Average** 1.00 2.34 2911 3.34 3.55

*

Values followed by a common subscript are not different (P > 0.05).
** |sd for average (P < 0.05) = 0.114.

Phosphorus

Phosphorus concentration of wrapper leaf was consistent with analysis of the whole plant
with control plots receiving the highest rate of applied N recording a higher concentration of P
(Table 1.14). Concentrations were in the normal range.

Table 1.14. Concentration of Phosphorus in wrapper leaf at harvest (% db)

Nitrogen application kg/ha
Treatment
0 180 290 405 515 Average
Control 0.455 0.422 0.452 0.432 0.550 0.462a*
Compost 0.419 0.434 0.429 0.432 0.455 0.434b
Isd 5% Control vs Compost 0.049
Isd 5% Control between N levels 0.060
Isd 5% Compost between N levels 0.030
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Section 1 - Fertiliser Replacement Trials — Western Australia

Results — N replacement — Lettuce Crop 1

Potassium

Potassium concentration of wrapper leaf was increased by compost and was lower at higher

levels of applied N (Table 1.15). Zero applied N and control plots approached critical

deficient levels.

Table 1.15. Potassium concentration of wrapper leaf (% db)

Other minerals

Concentration of other mineral are shown in Table 1.16. Concentration of copper was low

and calcium and sulphur were marginal.

Table 1.16. Analysis of wrapper leaf at harvest

Nitrogen application kg/ha
Treatment
0 180 290 405 515
Control 4.88 5.94 5.09 4.96 4.70
Compost 4.39 6.61 6.49 6.13 5.79
Isd 5% Control vs Compost 0.69
Isd 5% Control between N levels 0.87
Isd 5% Compost between N levels 0.43

Analyt Control Compost 5% Isd Normal range**
% db
Sodium 0.72 0.64 0.07 <0.5-1.0
Calcium 0.92 0.92 ns 1.4-2.0
Magnesium 0.35 0.32 0.02 0.3-0.7
Sulphur 0.21 0.20 ns 0.3-0.32
mg/kg
Boron 21 22 ns 25-55
Copper 3.4 3.5 ns 10-18
Iron 408 425 ns 50-500
Manganese 44 43 ns 50-300
Molybdenum 2 2 ns 0.08-0.17
Zinc 33 28 5 30-100

Isd - least significant difference P = 0.05.

** Reuter, D.J. and Robinson, J.B. Plant Analysis second edition CSIRO Publishing 1997.

Soil analysis at planting

Carbon

Compost application increased soil carbon in the top 15 cm from 0.59 to 0.79 per cent
(P <0.001). The difference between rate of Compost applied, 30 m®, (0.76% carbon) and
60 m?, (0.82%) did not quite reach significance (P = 0.09).
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Results — N replacement — Lettuce Crop 1

Total Nitrogen, Nitrogen as Ammonia and Nitrate
0-15 cm depth

Compost increased total soil nitrogen in the top 15 cm, compost B, (0.044%) recorded higher
levels than A (0.038%), and both were higher than the control plots (0.026%) (P < 0.05).
Levels of plant available Nitrogen present as Ammonium (1.66 mg/kg) and Nitrate

(3.29 mg/kg) were low and there was no difference between treatments.

15-30 cm depth

The influence of the compost application had moved marginally below the 15 cm level and
treated plots (0.32%) had higher total N levels than control plots (0.26%) (P < 0.01).
Nitrogen present as Ammonium (1.9 mg/kg) and Nitrate (4.8 mg/kg) was similar for all plots.
Soil analysis at harvest

0—15 cm depth

Carbon

The linear trend for soil carbon in compost treated plots to decline with increasing application
of Nitrogen was different to the trend for carbon in control plots to increase with increased
application of Nitrogen (P < 0.05; Table 1.17).

Table 1.17. Carbon content of soil (0-15 cm) at harvest (% db)

Nitrogen application kg/ha
Treatment

0 180 290 405 515
Control 0.52 0.55 0.58 0.56 0.67
Compost 0.74 0.75 0.73 0.68 0.67

Isd 5% Control vs Compost 0.13

Isd 5% Control between N levels 0.16

Isd 5% Compost between N levels 0.08

Total nitrogen

Compost increased total Nitrogen and soil nitrogen for control and compost treated plots
responded differently to applied nitrogen (p < 0.05; Table 18).

Nitrogen as Ammonium

Levels of Nitrogen as ammonium averaged less than 1 mg/kg for all treatment combinations.

Table 1.18. Total Nitrogen content of soil (0-15 cm) at harvest (% db)

Nitrogen application kg/ha
Treatment
0 180 290 405 515

Control 0.025 0.027 0.026 0.028 0.036

Compost 0.035 0.036 0.036 0.034 0.035
Isd 5% Control vs Compost 0.0059
Isd 5% Control between N levels 0.0070
Isd 5% Compost between N levels 0.0035
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Results — N replacement — Lettuce Crop 1

Nitrogen as nitrate

Within main plots the level of Nitrogen present as nitrate in plots treated with 60 m* of
compost (6.12 mg/kg) was lower than plots treated with 30 m® (7.63 mg/kg) and control plots
(8.00 mg/kg) (P < 0.05). The response of soil nitrate to applied Nitrogen was different for
each rate of compost (P < 0.01; Table1.19).

Table 1.19. Soil content of Nitrogen as Nitrate 0-15 cm at harvest (mg/kg db)

Nitrogen application kg/ha
Treatment
10 180 290 405 515
Control 1.75 3.25 6.75 11.50 16.75
Compost A 1.10 1.75 3.75 8.75 16.50
Compost B | 112 187 5.50 9.88 185
Isd 5% Control vs Composts 3.45
CompostAv B 2.72
Controls between Nitrogen 3.86
Compost between Nitrogen 2.73

Nutrient leaching

The quantity of nutrients leaching into the drainage lysimeters was directly influenced by the
amount of irrigation and rain falling on the plots. Growing conditions were typical for
Autumn-Winter with rainfall and irrigation exceeding plant requirements for most weeks
(Figure 1.5).
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Figure 1.5. Weather conditions for lettuce crop 1.

All treatments leached a similar amount of water with 58% (195 mm) of the rain (221 mm)
and irrigation (116 mm) being collected in the drainage lysimeters. Evaporation was 177 mm
and the apparent crop water use (rain + irrigation — drainage) was 142 mm or 80 per cent of
evaporation.

23



Section 1 - Fertiliser Replacement Trials — Western Australia
Results — N replacement — Lettuce Crop 1

Nutrients leached

Nutrients collected in the drainage lysimeters positioned under selected treatments are
shown in Table 1.20.

Table 1.20. Nitrogen and Potassium collected in drainage lysimeters during crop growth

Applied Total . Potassium
Compost 5331:; Ni?r%gen Nitrogen N ka:”:laH“ N Ifgs/:;:)s 0:(%3:;3 N | leached
kg/ha kg/ha kg/ha
Control 0 0 67.9a 2.0 38.1a 27.8a
Control 0 285 105.3a 34 54 1a 47.8a 29.5
A 30 285 85.5a 0.8 43.8a 40.9a 21.9
B 30 285 100.7a 1.9 56.3a 42.4a 31.0
A 60 285 98.1a 3.7 51.2a 43.1a 40.7
B 60 285 97.6a 2.3 55.9a 39.5a 33.1
A 60 515 175.6b 25 100.2b 72.9b
B 60 515 212.8b 0.8 137.6b 75.4b

*

Values followed by a common subscript are not different (P > 0.05). Values are the mean of 3 replicates

Nitrogen

The application of 285 kg fertiliser nitrogen to control plots increased the total amount of
nitrogen collected in the lysimeters from the equivalent of 68 to 105 kg/ha (P = 0.065).
Compost and compost rate did not increase the amount of Nitrogen leached from plots
treated with 285 kg of fertiliser nitrogen and on average 97 kg/ha was leached. Nitrogen
leaching from plots spread with 60 cubic metres of compost was increased by the application
of 515 kg of fertiliser when compared to plots receiving 285 kg of fertiliser Nitrogen

(194 versus 98 kg/ha) (P < 0.001). The increase being made up of 66 kg of Nitrogen as
nitrate and 30 kg of dissolved organic nitrogen.

Organic nitrogen represented a significant portion of the total amount of nitrogen leached.
The leaching of nitrogen as Ammonium from all treatments was low and averaged 2 kg/ha.

Phosphorus and Potassium

All plots received 200 kg of Phosphorus and 340 kg of Potassium fertiliser. No Soluble
reactive Phosphorus was recovered from the leachate (< 0.01 mg/l) but a small amount of
total Phosphorus, in concentrations of > 0.1 mg/L, were recorded. There was a trend for the
matured compost to leach less total Phosphorus (P = 0.10; Table 1.21).

Table 1.21. Total Phosphorus leached (kg/ha)

Compost
Treatment 3 3
Nil 30 m 60 m
Control 0.213
Compost A 0.207 0.194
Compost B 0.093 0.095

Compost type and rate had no effect on the amount of Potassium leached and an average of
31 kg/ha was recovered from lysimeters under main plots receiving 285 kg of applied
Nitrogen fertiliser (Table 1.20).
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Results — N replacement — Carrot Crop 2

Discussion

While neither compost met the quality criteria considered necessary for a positive plant
response Compost B was arguable better than Compost A and showed better growth at 25
and 45 days (Figures 1.1 and 1.3). Chemical analysis at 26 days suggested that the
observed plant responses were the result of better Potassium and Phosphorus status in
plants grown in compost treated plots rather than nitrogen (Tables 1.1, 1.2 and Figure 1.2).
This was consistent with Compost B containing more Potassium and Phosphorus
(Appendix 1.1 A1,B). Growth differences between composts were not evident at the final
harvest but within main plots compost treated plots produced more fresh weight and more
processed head (Figure 1.4) because of a higher percentage of head (Table 1.9).

Compost A reduced plant nitrogen content (Table 1.10) and when applied at 60 m*/ha
resulted in lower plant uptake of nitrogen (Table 1.11). The lower nitrogen status of plants
coming from plots treated with compost A was confirmed by analysis of the youngest mature
wrapper leaf (Table 1.13).

Chemical analysis of whole plant and youngest fully mature wrapper leaf at harvest showed
concentrations of Potassium in plants from Control plots approached the critical deficient
level at the higher rates of applied Nitrogen. A growth response to the additional Potassium
supplied by the compost is therefore the most likely explanation for the plant response
recorded.

Compost increased soil carbon and nitrogen at planting and harvest. There was an
indication that compost increased demineralisation of fertiliser nitrate and caused lower
concentrations of soil nitrate at harvest (Table 1.19).

Compost did not increase the leaching of nutrients.

Crop 2 - Carrot

The following compost treatments were applied and incorporated into the soil together with
an application of 200 kg per hectare of phosphorus and trace minerals one week prior to
seeding carrots, variety Stefano, on 26 July 2001.

Treatment Compost rates m°/ha Nitrogen rate kg N/ha
Control Nil N1 Nil
A1/B1 30 N2 155
A2/B2 60 N3 233

N4 310
N5 388

Nitrogen treatments were applied as potassium nitrate and sulphate of ammonia weekly by
watering can together with a total of 290 kg/ha of potassium, 19.5 kg of magnesium and 2 kg
of Boron. The amount applied weekly was adjusted as a percentage of the total growth
expected over 145 days with fertiliser application ceasing 2 weeks before harvest (A. Galati
and A. McKay, Carrot Yield Decline, Horticulture Research and Development Corporation
Final Report Project VG27). The carrots grew well and were harvested 2 weeks before
schedule at 131 days on 4 December. Intermediate harvest yields were recorded on

9 October (75 days) and 13 November (119 days).
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Compost quality

The fresh compost supplied was coarse and woody and met few of the criteria considered
necessary to record a positive crop response but did contain a low level of plant available
nitrate nitrogen. With the exception of reduced seedling toxicity, the chemical analysis of
compost B1 had changed very little over the 12 week period during which it had been kept

moist and turned twice (Appendix 1.1, Compost A2 and B1).

Carbon Nitrogen
Compost Nitrogen | Drawdown Toxicity Ni.[::)ta:en NH4 + NO; N?;(::)H“
Ration Index 9
Critical value <20 >0.5 > 60 >1.0 > 100 >0.14
Compost 2A 31.0 0.34 98 1.3 23 23.00
Compost B1 28.0 0.26 95 14 <1.0 <01
Germination

Compost reduced germination at 16 days from 57 plants/m? for control plots to 53 for plots
receiving compost (P = 0.027). However, plant density at the first harvest on day 75
averaged 60 plants/m? with a trend for 60 m® of compost to reduce plant density when
compared to an application of 30 m? (P = 0.062; Table 1.22).

Table 1.22. Plant density at 75 days (plants/m?)

Compost
Treatment 3 3
Nil 30 m 60 m
Control 59.13
Compost 62.24 58.77

Harvest - 75 days

Within the main plot stratum compost reduced plant growth and 60 m* of compost A gave
lower growth when compared to other compost and control treatments (P < 0.001;
Table 1.23).

Table 1.23. Total plant (tonne/ha)

Compost
Treatment 3 3
Nil 30 m 60 m
Control 14.19a*
Compost A 11.97bc 9.80d
Compost B 12.41b 11.23c

* Values followed by a common subscript are not different (P > 0.05).

Compost treated plots gave a different linear response to nitrogen when compared to control
plots (P < 0.05) (Figure 1.5).
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Figure 1.5. Total carrot plant weight at day 75.

Differences in total plant weight were the result of differences in plant top weight rather than
roots and on average the root to shoot ratio of compost treated plots (1.29) was higher than
for control plots (1.14) (P < 0.01). The linear response of Top growth to applied nitrogen was
different for control and compost treated plots (P < 0.01; Table 1.24).

Table 1.24. Weight of carrot top at 75 days (t/ha)

Nitrogen application kg/ha
Treatment
0 72 108 144 180

Control 0.59 4.69 6.68 8.99 10.31

Compost 0.41 3.46 4.96 6.09 8.28
Isd 5% Control vs Compost 1.08
Isd 5% Control between N levels 1.48
Isd 5% Compost between N levels 0.74

Harvest - 119 days

Plant density

Plant density declined with the level of applied nitrogen and control and treated plots
responded differently to applied N with control plots showing reduced plant numbers at the
highest application of Nitrogen (P < 0.05; Table 1.25).

Table 1.25. Plant density (plants/m?

Nitrogen application kg/ha
Treatment
0 126 190 253 316
Control 68.0 69.6 62.3 60.7 50.7
Compost 64.8 63.7 61.1 61.1 60.2
Isd 5% Control vs Compost 8.3
Isd 5% Control between N levels 7.5
Isd 5% Compost between N levels 5.0
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Plant weight

Control and treated plots showed a different quadratic response to applied nitrogen for total
plant weight (P < 0.001; Table 1.26), weight of top (P < 0.05; Table 1.27) and weight of root
(P < 0.001; Table 1.28). These showed that the application of compost had reduced both top
and root growth at rates of applied nitrogen lower than 180 kg/ha.

Table 1.26. Total plant weight of carrots at 119 days (t/ha)

Treatment Nitrogen application kg/ha
0 126 190 253 316
Control 8.24 57.66 71.12 79.96 78.12
Compost 7.71 46.43 60.05 72.61 81.76
Isd 5% Control vs Compost 7.66
Isd 5% Control between N levels 8.91
Isd 5% Compost between N levels 4.45
Table 1.27. Weight of carrot top at 119 days (t/ha)
Treatment Nitrogen application kg/ha
0 126 190 253 316
Control 1.61 8.10 10.72 13.74 14.80
Compost 1.62 6.63 9.00 11.60 14.83
Isd 5% Control vs Compost 1.54
Isd 5% Control between N levels 1.80
Isd 5% Compost between N levels 1.42
Table 1.28. Weight of carrot root at 119 days (t/ha)
Treatment Nitrogen application kg/ha
0 126 190 253 316
Control 6.63 49.56 60.39 66.23 63.33
Compost 6.09 39.81 51.05 61.01 66.93
Isd 5% Control vs Compost 6.3
Isd 5% Control between N levels 7.39
Isd 5% Compost between N levels 3.69

An exponential curve fitted to the plot data for total plant gave a probability of < 0.001 and
accounted for 91.4 per cent of the variance (Figure 1.6). The relationship of total weight of
carrots produced at harvest 2 and nitrogen was described by the functions:

86.02 — 77.96 (0.99158)"°%e"
126.1 — 118.3 (0.996891)""0%e"

Control =
Treatment
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Figure 1.6. Total plant growth of carrots at 119 days.

Final harvest - 131 days

Plant density

Within main effects less carrots (56/sq m) were harvested from compost treated plots than
from Control plots (62/sq m).

Whole plant weight

Within the main plot stratum compost reduced whole plant growth (P < 0.01), higher rates
caused greater reduction (P < 0.01) and the linear response of whole plant growth to applied
nitrogen was different for control and compost treated plots (P < 0.001; Table 1.29). There
was no effect of compost type.

Table 1.29. Total plant weight of carrots at 131 days (t/ha)

Treatment Nitrogen application kg/ha
0 155 233 310 388

Control 18.05 93.47 106.89 137.14 150.84
Compost 20.37 80.91 95.62 118.64 126.66

Isd 5% Control vs Compost 11.3

Isd 5% Control between N levels 10.4

Isd 5% Compost between N levels 6.6

Weight of top

Within the main plot stratum compost reduced weight of top (P < 0.01), higher rates caused
greater reduction (P < 0.05) and the linear response of top growth to applied nitrogen was
different for control and compost treated plots (P < 0.001; Table 1.30). There was no effect
of compost type.
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Table 1.30. Weight of carrot top at 131 days (t/ha)

Nitrogen application kg/ha
Treatment
0 155 233 310 388

Control 2.09 10.28 12.70 18.99 23.11

Compost 2.47 9.08 11.63 15.58 18.97
Isd 5% Control vs Compost 2.05
Isd 5% Control between N levels 2.49
Isd 5% Compost between N levels 1.24

Weight of carrot root

Within the main plot stratum compost reduced the weight of roots produced (control,

87.8 tonne/ha and treated plots 76.9 (P < 0.002)). Higher rates of application caused greater
reduction (P < 0.001) and the response of total root weight to applied nitrogen was different
for control and compost treated plots (P < 0.001).

An exponential curve fitted to the plot data for total root weight and grouped for rate of
compost applied gave a probability of < 0.001 and accounted for 93.2 per cent of the
variance (Figure 1.7). The relationship of total weight of carrots produced at 131 days and
applied nitrogen was described by the functions:

Control =160.6 — 144.5 (0.996242)""°%"
30 cubic metres =142.6 — 120.7 (0.996242)""°%°"
60 cubic metres =130.5 — 116.3 (0.996242)""°%*"

The application of compost reduced crop yield and more nitrogen was required to achieve
equivalent yields. The functions predict that a typical commercial yield of 100 tonne/ha of
carrots would be achieved by the application of 240 kg of nitrogen/ha on control plots,
280 kg/ha on plots treated with 30 cubic metres of compost and 360 kg/ha when 60 cubic
metres of compost was used. The increased nitrogen requirement associated with the
application of the compost is consistent with the high carbon/nitrogen ratio of the products
used.

140 +

Control
120 = =30 M3

100

©
< 80
)
E 30

60 -
o
2 _ Vs Level_s of N

40 - g L 60 += Rates

20 &7 5% LSD between \C/ontrol

. _ = Vs -
, | Adiusted R2 = 93.2 F Rotes T Controls
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Nitrogen Fertiliser (kg/ha)

Figure 1.7. Response of final carrot harvest weight to applied nitrogen and Compost Rate.
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Marketable carrots

There was a trend for compost treated plots to record less reject carrots and the differences
in marketable yield (control 57 and treated 53 tonne/ha) were not significant.

Nutrient content of top and root

The concentration of nitrogen in top and root were significantly affected by the rate of

compost applied. Compost at 30 m® recorded higher levels of nitrogen in roots than control
and 60 m® but lower leaf concentrations than compost at 60 m>. Phosphorus concentration
was similar for all treatments but compost increased potassium concentration (Table 1.31).

Table 1.31. Nutrient content of carrot leaves and roots at harvest (% db)

Nutrient Carrot Control 30 m® 60 m*
N Top 1.827ab 1.796b 1.879a
nitrogen Root 1.024b 1.087a 1.032b
P Top 0.376 0.377 0.365
phosphorus Root 0.384 0.398 0.392
K Top 2.255b 2.823a 2.896a
potassium Root 2.117c 2.478b 2.581a

Values in rows followed by a common subscript are not different (P > 0.05).

Leaf analysis, youngest fully matured leaves

Compost increased potassium and calcium concentration and decreased sodium, boron,
iron, manganese and zinc concentrations. Despite two applications of trace elements
concentrations of copper and manganese where below the normal range (Table 1.32).

Table 1.32. Analysis of youngest fully matured carrot leaf at harvest

Analyt Control Compost 5% Isd Normal range*

% db

Phosphorus 0.32 0.32 ns 0.3-0.4

Potassium 2.43 2.99 0.16 1.3-1.5

Sodium 1.48 1.08 0.08 0.7-4.5

Calcium 3.47 3.67 0.16 1.8-2

Magnesium 0.40 0.40 ns 0.35-0.40

Sulphur 0.30 0.30 ns 0.3-0.6
mg/kg

Boron 43.2 40.5 1.0 29-35

Copper 3.46 3.35 ns 5-7

Iron 2065 1836 150 120-350

Manganese 109 61 11 190-350

Zinc 33.2 25.6 25 20-50

* Reuter, D.J. and Robinson, J.B. Plant Analysis second edition CSIRO Publishing 1997.
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Soil analysis at planting

Soil carbon

Within main plots soil organic carbon content increased with rate of compost application;
control 0.57; 30 m® 0.75; 60 m> 0.80 (% db) (P = 0.07) and the linear response of soil carbon
to applied nitrogen was different for control and compost treated plots (P < 0.05). There was
a trend for higher rates of Nitrogen application to increase the retention of carbon in control
plots and reduce the retention of carbon in compost treated plots (P < 0.05; Table 1.33).

Table 1.33. Organic carbon content of soil at planting (% db)

Treatment Nitrogen application kg/ha

16 155 233 310 388
Control 0.52 0.56 0.58 0.56 0.62
Compost 0.81 0.80 0.77 0.74 0.73

Isd 5% Control vs Composts 0.13

Controls between Nitrogen 0.16

Compost between Nitrogen 0.08

Nitrogen

Within the main plot stratum soil nitrogen increased with application of compost (Table 1.34).

Table 1.34. Soil nitrogen at planting (% db)

Treatment %
Control 0.028a*
3om’ 0.040b
60 m® 0.044c

*

Values followed by a different subscript are different (P < 0.05).

Nitrogen as nitrate

While nitrate levels were modest compost type rather than rate affected the level of soil
nitrogen present as nitrate (P < 0.001; Table 1.35).

Table 1.35. Soil Nitrogen as nitrate at planting (mg/kg db)

Treatment mg/kg
Control 2.45a*
Compost A 3.96b
Compost B 2.70a

*  Values followed by a common subscript are not different (P > 0.05).

Nitrogen present as Ammonium

Levels of soil Nitrogen present as ammonium were low. Higher levels were recorded in plots
treated with 30 m* of compost (P < 0.05; Table 1.36).
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Table 1.36. Soil Nitrogen as ammonium at planting (mg/kg db)

Treatment mg/kg
Control 1.400a*
30m?® 1.700b
60 m® 1.175a

*

Values followed by a common subscript are not different (P > 0.05).
Soil carbon and Nitrogen at harvest

Soil carbon

Soil carbon altered little over the cropping period and the trend for higher rates of Nitrogen
application to increase the retention of carbon in control plots and reduce the retention of
carbon in compost treated plots remained (P < 0.05; Table 1.37).

Table 1.37. Organic carbon content of soil at harvest (% db)

Nitrogen application kg/ha
Treatment

16 155 233 310 388
Control 0.55 0.53 0.56 0.58 0.66
Compost 0.80 0.79 0.75 0.72 0.71

Isd 5% Control vs Composts 0.14

Controls between Nitrogen 0.18

Compost between Nitrogen 0.09

Soil Total Nitrogen was similar to that recorded at planting. Control plots averaged 0.03% db
and Treated plots 0.043% (P < 0.001). Differences between Compost A and B had
disappeared.

Nitrogen present in the nitrate form had declined and controls measured 1.30 and treated
plots 1.90 mg/kg db (P = 0.04).

Nitrogen present as ammonium was similar to that recorded at harvest with controls
averaging 1.040 and treated plots 1.473 mg/kg (P = 0.006).

Growing conditions

Crop management was good but irrigation over the final two weeks of the growing period fell
12 mm below recommendations (Figure 1.8).

Nutrient leaching

All treatments measured leached a similar amount of water with 51% (471 mm) of the rain
(226 mm) and irrigation (703 mm) being collected in the drainage lysimeters. Evaporation
was 566 mm and the apparent crop water use (rain + irrigation — drainage) was 458 mm or
81 per cent of evaporation.
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Figure 1.8. Weather conditions carrot crop 2.

Nutrients recovered from drainage lysimeters installed under selected treatments are shown
in Table 1.38.

Separate analysis of plots treated with 60 m* of compost confirmed an interaction between
compost type and applied nitrogen and compost B leached more nitrogen than compost A
when 450 kg of fertiliser nitrogen was applied (P = 0.04).

Analysis of plots treated with 250 kg of applied nitrogen showed that on average plots spread
with 60 m® of compost leached 28.7 kg/ha of organic nitrogen and control and plots spread
with 30 m®, 4.8 and 12.8 kg/ha respectively (P = 0.047).

All plots received 200 kg of Phosphorus before the carrots were seeded and 290 kg of
Potassium was applied during the growing period.

No Soluble Reactive Phosphorus was measured (< 0.01 mg/L) and only 4 samples recorded
levels of total Phosphorus at the level of detection of 0.1 mg/L. This level of detection allows
us to say that less than 500 mg/ha of Phosphorus was leached during the 19 week cropping
period.

Table 1.38. Nitrogen collected in drainage lysimeters during crop growth

Compost r:?:g;ea bﬁ?r':;zi Ni-:-::)t;:an N kaSIr';laHA r:lgj OrEga/r;]i: N Pf::::rsl:al:im

kg/ha kg/ha kg/ha kg/ha

Control 0 0 27.5a 1.8 19.7a 6.0
Control 0 250 101.6b 5.3 91.4b 4.8 59.1
A 30 250 87.4b 1.2 76.0b 10.2 73.1
B 30 250 106.9b 35 88.0b 15.4 86.5
A 60 250 107.0b 6.3 67.1b 33.6 134.5
B 60 250 118.6b 3.4 91.5b 23.8 118.1

A 60 450 155.2¢ 0.7 142.4c 121

B 60 450 245.8d 1.3 216.8d 27.7

* Values followed by a common subscript are not different (P> 0.05). Values are the mean of 3 replicates.
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The equivalent of approximately 20 per cent of the applied Potassium leached from control
plots. Much of the additional Potassium supplied by the compost also leached and on
average plots spread with 60 m® of compost leached more Potassium (P = 0.036).

Discussion

This second batch of compost, A2 Appendix 1.1, did not meet specifications and was similar
to the first batch, A1. However, it contained 23 mg/L of nitrate nitrogen which was reflected
in a slightly higher soil nitrate level at planting for plots spread with this compost (Table 1.34).
Despite this Compost A recorded the lowest plant production at 75 days (Table 1.23).

On average compost also reduced plant density and this was measured to be 10 per cent
lower for compost treated plots at the final harvest.

Harvest at 119 days suggested that the growth depression caused by the compost was
eliminated at the highest nitrogen application rate of 316 kg/ha (Figure 1.6). However, the
final harvest which was delayed slightly beyond optimum date, showed compost reduced the
weight of carrot top and root even at high rates of nitrogen application (Table 1.30,

Figure 1.7).

Variation between plots and a trend for carrots from compost treated plots to yield a higher
percentage of market A, B grade carrots meant no difference between treatments in
marketable yield was recorded.

The reduction in total yield could not be explained by lower nitrogen nutrient status in carrot
leaves and roots (Table 1.31) and there was a trend for compost to increase nitrogen
content. This was consistent with the better soil nitrogen status of the composted soil
recorded at seeding and harvests (Tables 1.34 and 35).

The additional Potassium supplied by the compost was readily taken up by carrot top and
root (Table 1.31). Compost reduced leaf concentrations of manganese and zinc
(Table 1.32).

While compost did not increase the total amount of nitrogen leached the amount of organic
nitrogen leached increased with rate of compost applied and represented 30 per cent of the
total leached in plots treated with 60 m® of compost A (Table 1.38).

Soil carbon continued to build with application of compost but there was a trend for levels to
decline with increased application of nitrogen. This was consistent with increased nitrogen
increasing microbial activity and burning carbon. The higher return of crop residue into the
soil with increased nitrogen application caused a reverse trend in control plots (Table 1.37).

Results show that carrot production is sensitive to compost quality and composts with similar
analysis to the samples used in this trial could be expected to reduce total carrot yield.

Lettuce - Crop 3

Iceberg lettuce seedlings, variety magnum, were transplanted on 24 January 2002 and the
following fertiliser treatments applied weekly by watering can for 5 weeks. The lettuce was
harvested 41 days later on 6 March 2002. Intermediate growth was recorded on 13 February
(20 days).
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Treatment Compost rates m*/ha Nitrogen rate kg N/ha
Control Nil N1 Nil
A1/B1 30 N2 175
A2/B2 60 N3 285

N4 395
N5 510

Phosphorus was applied at a rate of 200 kg of P per hectare together with a complete trace
element mix as a single application across the site prior to planting. All treatments received
450 kg of Potassium and 25 kg of Magnesium per hectare. The Nitrogen treatments,
together with Potassium and Magnesium were applied by watering can as weekly
applications. Weekly amounts were apportioned; week 1, 10%; week 2, 20%; week 3, 30%;
week 4, 30% and week 5, 10 per cent of the total fertiliser applied.

Compost quality

Compost A contained a low level of plant available Nitrogen (89 mg/L as nitrate), the
Nitrogen Draw Down index (0.44) and Toxicity (100) indicated it was relatively stable and the
C/N ratio was less than 20. Compost B, which had been compost A (A2 Appendix 1.1) for
the previous carrot crop, had composted further and its analysis had improved in respect to
the criteria desired (Appendix 1.1 Compost A4 and 2B).

Carbon Nitrogen
Compost Nitrogen | Drawdown | Toxicity Ni{:’JaLn NH4 + NO; N?;{:‘:)H“
Ration Index 9
Critical value <20 >0.5 > 60 >1.0 >100 >0.14
Compost 4A 19 0.54 81 1.6 89 <0.1
Compost 2B 21 0.45 91 1.6 <1.0 <01

Harvest - 20 days

While analysis showed no significant differences between treatments the probability that the
linear response of control and compost treated plots to applied nitrogen was different was

0.074 and there was a trend for compost to give higher plant weight (Table 1.39).

Table 1.39. Weight of lettuce plants at day 20 (g)

Nitrogen application kg/ha
Treatment
16 45 75 105 135
Control 93 142 124 140 144
Compost 81 138 149 158 156

Final harvest - 41 days

The linear response of total plant weight to applied nitrogen for compost treated and control
plots was different (P = 0.035) and there was an interaction between compost and applied

nitrogen (P = 0.05; Table 1.40).
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Table 1.40. Weight of lettuce plants at day 41 (t/ha)

Nitrogen application kg/ha
Treatment

16 150 250 350 450
Control 11.4 58.8 65.9 66.0 67.0
Compost 12.7 55.9 68.7 75.5 72.3

Isd 5% Control vs Composts 6.7

Controls between Nitrogen 7.3

Compost between Nitrogen 3.7

Weight of processed head

The response of processed head weight to compost and applied Nitrogen was similar to that
recorded for Total Plant Weight but plants from plots treated with compost A recorded higher

percentage head (Table 1.41).

Table 1.41. Percentage lettuce head weight

Treatment % Head weight*
Control 52.6a
Compost A 55.7b
Compost B 53.0a

*  Values followed by a common subscript are not different (P > 0.05).

An exponential curve fitted to the plot data for Fresh Weight of Lettuce gave a probability of
< 0.001 and accounted for 93.4 per cent of the variance (Figure 1.8). The relationship of
weight of lettuce produced at harvest and nitrogen was described by the functions:

Control =67.07 —70.08 (0.98569)"\“"_"9‘an
Treated = 75.99 — 73.25 (0.991 086)AN|trogen

80 -
Control = = = Treated . .- - *
70 4 - - " =
- — I
60
BetweenN
e 50 1 Levels
g 40 | T Treated
o
= 30 1 Control Vs
20 1 5% LSD I Compost
I Control
10
o R*=934
0 ™ T T T T T T T T
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Nitrogen (kg/ha)

Figure 1.8. Weight of lettuce harvested on day 41.
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Nutrient content of whole lettuce

Whole plant concentrations of Nitrogen, Phosphorus and Potassium showed a quadratic
response to applied nitrogen (P < 0.001). There was no difference between treatments
(Table 1.42).

Table 1.42. Whole lettuce plant nutrient content

Nitrogen application kg/ha
Treatment
0 150 250 350 450
Nitrogen 1.45 2.57 3.22 3.57 3.87
Phosphorus 0.47 0.58 0.64 0.68 0.69
Potassium 4.39 5.61 5.87 5.92 5.58

Analysis of wrapper leaf at harvest

Compost increased Potassium and Calcium but lowered Manganese and Zinc concentration
of youngest mature wrapper leaf taken at harvest (Table 1.43).

Table 1.43. Analysis of lettuce wrapper leaf at harvest

Analyt Control Compost 5% Isd Normal range**

% db

Phosphorus 0.53 0.53 ns 0.55-0.65

Potassium 4.9 5.2 0.27 5.5-6.0

Sodium 0.84 0.84 ns <0.5-1.0

Calcium 0.86 0.97 0.07 1.4-2.0

Magnesium 0.25 0.26 ns 0.3-0.7

Sulphur 0.24 0.24 ns 0.3-0.32
mg/kg

Boron 27.0 26.3 ns 25-55

Copper 5.75 5.40 ns 10-18

Iron 842 921 ns 50-500

Manganese 58.2 37.0 13.8 50-300

Molybdenum 0.08-0.17

Zinc 55.8 39.5 7.5 30-100

* Isd - Least significant difference P = 0.05.
** Reuter, D.J. and Robinson, J.B. Plant Analysis second edition CSIRO Publishing 1997.

Soil analysis at planting

Nitrogen

Within the main plot stratum total soil nitrogen increased with increased rate of compost
(P <0.001; Table 1.44).
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Table 1.44. Total nitrogen content of soil at planting (% db)

Nitrogen application kg/ha
Treatment
0 150 250 350 450
Control 0.028 0.031 0.029 0.030 0.035
Compost 30 m* 0.052 0.050 0.050 0.048 0.049
Compost 60 m* 0.063 0.067 0.067 0.065 0.065
Isd 5% Control vs Composts 0.009
Compost 30 m’ v 60m® 0.008
Controls between Nitrogen 0.01
Compost 30 m® and 60 m® between N 0.007

Nitrogen present as Nitrate

The level of soil Nitrogen present as Nitrate at the time of planting was high for all plots but
plots treated with different compost types showed a different quadratic response to applied
nitrogen (P = 0.008). Plots treated with Compost A recorded higher levels of Nitrogen
present as Nitrate (Table 1.45).

The higher level of nitrate nitrogen present in soils treated with compost A would have
contributed to the positive growth response recorded for plots treated with compost.
Compost B, which performed poorly in the previous carrot crop, did not increase plant
available nitrogen.

Nitrate present as Ammonium

Nitrogen present as Ammonium averaged 2.55 mg/kg and showed no difference between
treatments.

Table 1.45. Soil Nitrogen present as Nitrate at planting (mg/kg)

Treatment Nitrogen application kg/ha

16 150 250 350 450
Control 5.25 8.25 8.75 11.50 12.50
Compost A 3.38 13.25 10.75 14.00 13.50
Compost B | 5.12 8.13 8.13 10.75 11.38

Isd 5% Control vs Composts 3.33

Compost Av B 2.72

Controls between Nitrogen 3.72

Compost between Nitrogen 2.63

Nitrogen content of soil at harvest

Total Nitrogen Content of Soil at harvest was marginally lower than that recorded at planting
and within the main plot stratum increased with compost rate (Table 1.46).
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Table 1.46. Soil Nitrogen % db

Control
30m?
60 m®

0.025a*
0.047b
0.058¢

* Values followed by a different subscript are different (P > 0.05).

Nitrogen as nitrate

Soil levels of Nitrogen present as Nitrate were lower than those recorded at planting and
differences between composts and application rate were no longer significant (Table 1.47).

Table 1.46. Soil Nitrogen as Nitrate (mg/kg db)

Treatment mg/kg
Control 3.70
Compost A 3.70
Compost B 4.63*

*  Values are not different (P > 0.05).

Nitrogen present as Ammonium

Levels of soil Nitrogen present as ammonium remained low (Table 1.48).

Table 1.48. Soil Nitrogen as Ammonium (mg/kg db)

Treatment mg/kg
Control 2.25*
30m?® 2.60
60 m® 2.98

* Values are not different (P > 0.05).

Growing conditions

Crop management and irrigation scheduling met recommendations, Figure 1.9.
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Figure 1.9. Weather conditions lettuce crop 3.
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Nutrient leaching

All treatments measured leached a similar amount of water with 36% (151 mm) of the rain

(0 mm) and irrigation (418 mm) being collected in the drainage lysimeters. Evaporation was
405 mm and the apparent crop water use (rain + irrigation — drainage) was 267 mm or 66 per
cent of evaporation.

Nutrients collected in the lysimeters is recorded in Table 1.49.

Table 1.49. Nutrients collected in drainage lysimeters during crop growth

compost | R | Nirogen | Nirogen | MZSNMe | NasNOs | organic | PLiGiCl
kg/ha kg/ha kg/ha

Control 0 0 23.3 0.9a 19.5 29
Control 0 250 54.2 2.8b 43.8 7.7 26.9a
A 30 250 65.3 1.2a 52.4 11.7 38.7a
B 30 250 53.5 1.5a 42.8 9.3 40.2a
A 60 250 92.8 2.5a 78.8 11.6 131.5b
B 60 250 38.5 0.5a 294 8.7 91.5b

A 60 450 101.2 0.3a 92.9 8.1

B 60 450 97.4 0.4a 82.7 14.3

*  Values followed by a common subscript are not different (P > 0.05). Values are the mean of 3 replications.

Nitrogen

While there was a trend for compost A to leach more Nitrogen than compost B this was not
significantly different.

Potassium

The equivalent of 6 per cent of the Potassium applied to control plots was collected in the
lysimeters. Leaching increased when 60 m* of compost was applied. All plots received
450 kg/ha of Potassium fertiliser and 30 m* of compost added an additional 70 kg/ha.

Phosphorus

No Soluble Reactive Phosphorus was detected (< 0.01 mg/L) in leach samples. While more
than half the samples recorded levels of Total Phosphorus of 0.1 mg/L or greater it was only
possible to estimate that less than 200 mg/ha of Phosphorus was leached during the 6 week
growing period.

Discussion

Chemical analysis indicated that Compost A (A4 Appendix 1.1) should impact better on plant
growth than Compost B (2B Appendix 1.1). While Compost A did increase levels of soil
nitrate at planting (Table 1.44) at 20 days only the linear response of crop growth to applied
nitrogen between control and compost treated plots combined, approached significance
(Table 1.39). At final harvest this comparison became significant (Table 1.40) with compost
treated plots producing about 10 per cent more at higher levels of nitrogen application.

Compost A but not Compost B gave a higher processed head weight as a percentage of total
plant weight (Table 1.41).
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The nitrogen, phosphorus and potassium content of whole plant showed a linear increase to
applied nitrogen but did not differ between treatments. The 450 kg of potassium applied
across all treatments prevented the crop from responding to the additional potassium
supplied by the compost by increasing plant concentration.

Soil nitrogen continued to increase with compost application (Tables 1.44 and 46). The
elevated levels and treatment differences for soil nitrate recorded at planting (Table 1.45)
had disappeared at harvest (Table 1.47).

Compost did not increase the leaching of nitrogen but potassium leaching increased when
60 m* of compost was applied (Table 1.49).

Carrot - Crop 4

The following compost treatments were applied and incorporated into the soil together with
an application of 200 kg per hectare of phosphorus and trace minerals one week prior to
seeding carrots, variety Stefano, on 28 March 2002.

Treatment Compost rates m’/ha Nitrogen rate kg N/ha
Control Nil N1 Nil
A1/B1 30 N2 ' 160
A2/B2 60 N3 240

N4 ' 320
N5 400

Nitrogen treatments were applied as potassium nitrate and sulphate of ammonia in weekly
percentages proportional to growth by watering can together with a total of 300 kg/ha of
potassium, 20 kg of magnesium and 1.5 kg of Boron. The carrots grew well and were
harvested at 138 days on 13 August. Intermediate harvest yields were recorded on 11 June
(75 days) and 18 July (112 days).

Compost quality

Compost A had a high C/N ratio (24) contained all its plant available Nitrogen as Ammonium
(27 mg/L) and contained little freely available carbon (NDI = 0.68).

Compost B was the compost used as A for the previous lettuce crop and had matured further
loosing plant available nitrogen present as Nitrate (89 to 4.2 mg/L), increasing nitrogen
percentage to 1.7% and reducing the C/N ratio to 18 (Appendix 1.1 Compost 5A and 4B).

Carbon Nitrogen
Compost Nitrogen | Drawdown | Toxicity Ni.:rootatlen NH4 + NO3 N?;{:‘:)H“
Ration Index 9
Critical value <20 >0.5 > 60 >1.0 >100 >0.14
Compost 5A 24 0.68 74 1.2 27 <0.1
Compost 4B 18 0.45 91 1.7 4.2 <0.1

First harvest 75 days

Plant density averaged 70 plants per m? and there was no difference between treatments.
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Total plant weight

Within the main plot stratum total plant weight of Compost B and Control was greater than
Compost A (P = 0.004; Table 1.50) but the average of Compost A and B at 60 m* produced
less growth (P = 0.007; Table 1.51).

Table 1.50. Total plant weight at 75 days (t/ha)

Treatment t/ha
Control 25.1a*
Compost A 24.1b
Compost B 26.0a

*  Values followed by a common subscript are not different (P > 0.05).

Table 1.51. Total plant weight at 75 days (t/ha)

Treatment t/ha
Control 25.1a*
30 m® 25.9a
60 m® 24.1b

*  Values followed by a common subscript are not different (P > 0.05).

The differences in total plant weight were the result of differences in both Top and Root
growth (P < 0.01; Tables 1.52, 1.53 and 1.54).

Table 1.52. Weight of carrot top at 75 days (t/ha)

Treatment t/ha
Control 16.6a*
Compost A 15.6b
Compost B 16.8a

*  Values followed by a common subscript are not different (P > 0.05).

Table 1.53. Weight of carrot top at 75 days (t/ha)

Treatment t/ha
Control 16.6a*
30m® 16.9a
60 m® 15.5b

* Values followed by a common subscript are not different (P > 0.05).

Table 1.54. Weight of carrot root at 75 days (t/ha)

Treatment t/ha
Control 8.5a
Compost A 8.4a
Compost B 9.2b

*  Values followed by a common subscript are not different (P > 0.05).
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Harvest - 112 days

Within the main plot stratum Compost A produced less Total Plant Weight than Compost B
treated plots (P = 0.013; Table 1.55). While the linear response of Total Plant Weight to
applied nitrogen for the average of Compost treated plots was lower than for Control plots
(P = 0.004; Table 1.56) this appeared to be the result of poor growth of Compost A treated
plots relative to B (Table 1.57).

Table 1.55. Total plant weight at 112 days (t/ha)

Treatment t/ha
Control 65.3ab*
Compost A 63.7b
Compost B . 67.0a

*

Values followed by a common subscript are not different (P > 0.05).

Table 1.56. Total plant weight at 112 days (t/ha)

Nitrogen application kg/ha
Treatment

0 112 168 224 280
Control 14.8 65.0 74.9 83.4 88.2
Compost 241 64.6 73.6 81.4 83.0

Isd 5% Control vs Composts 6.6

Controls between Nitrogen 8.6

Compost between Nitrogen 4.3

Table 1.57. Total plant weight at 112 days (t/ha)

Nitrogen application kg/ha
Treatment
0 112 168 224 280
Control 14.8 65.0 74.9 83.4 88.2
Compost A 23.5 63.2 71.5 79.2 81.1
Compost B 24.65 66.0 75.8 83.5 84.9
Carrot top

Within main plots Compost B applied at 60 m*ha produced more Carrot Top than any other
treatment and when applied at 30 m*® produced more than compost A applied at 30 m®
(P =0.013; Table 1.58).

Table 1.58. Weight of carrot top at 112 days (t/ha)

Compost
Treatment 3 3
Nil 30 m 60 m
Control 14.0ab*
Compost A 13.4a 13.8ab
Compost B 14.1b 15.4c

*

Values followed by a common subscript are not different (P > 0.05).

The difference within main plots was generated by non significant increased top growth
recorded by Compost B at the lower rates of applied nitrogen (Table 1.59).
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Table 1.59. Total weight of carrot top at 112 days (t/ha)

Nitrogen application kg/ha
Treatment
0 112 168 224 280
Control 1.91 10.7 15.6 19.4 22.4
Compost A 3.1 10.9 15.0 18.5 211
Compost B 3.5 12.0 16.0 20.3 21.2
Carrot root

Within main plots Compost B produced a greater weight of harvested carrot root than
Compost A but similar to the Control (P < 0.05; Table 1.60). Compost treated plots produced
more carrots when no nitrogen was applied (P < 0.05).

Table 1.60. Weight of carrot roots at 112 days (t/ha)

Nitrogen application kg/ha
Treatment
0 112 168 224 280 Average
Control 12.9a* 54.3 59.4 64.0 65.8 51.3ab
Compost A 20.2b 52.4 52.4 56.6 60.4 50.1b
Compost B 21.3b 53.8 59.5 63.4 63.0 52.2a

* Within column values followed by a common subscript are not different (P > 0.05).
Final harvest - 138 days

Total plant weight

There were no main plot differences for the total plant weight of carrot produced. There was
an interaction between applied nitrogen and compost treatment (P = 0.025) and the linear
response of total plant weight to applied nitrogen was different for control and compost
treated plots (P = 0.001; Table 1.61).

Table 1.61. Weight of total plant at 138 days (t/ha)

Treatment Nitrogen application kg/ha

0 160 240 320 400
Control 20.7 87.1 99.2 109.8 111.5
Compost 33.8 92.2 98.5 108.3 105.0

Isd 5% Control vs Composts 9.1

Controls between Nitrogen 10.9

Compost between Nitrogen 5.5

Carrot top

Within main plots compost produced more carrot top (P = 0.035). This was the result of
greater top growth at low rates of nitrogen application and the control and treated plots
showed a different linear response to applied Nitrogen (Table 1.62; P = 0.04).
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Table 1.62. Weight of carrot top at 138 days (t/ha)

Carrot root

There were no main plot differences for the weight of carrot root produced. There was an
interaction between applied nitrogen and compost treatment (P = 0.023). Compost treated
plots produced more carrot root at low rates of applied nitrogen and the linear response of

weight of carrot root to applied nitrogen was different for control and compost treated plots
(P =0.001; Table 1.63).

Table 1.63. Weight of carrot root at 138 days (t/ha)

Nitrogen application kg/ha
Treatment
0 160 240 320 400

Control 1.52 9.77 14.01 18.26 20.62
Compost 2.80 11.52 15.05 18.61 19.94

Isd 5% Control vs Composts 1.45

Controls between Nitrogen 1.85

Compost between Nitrogen 0.92

Grade A,B carrots

The linear response of Control and Treated plots for Grade A,B Carrots to applied nitrogen
was different (P = 0.056), i.e. there was a trend for compost treated plots to produce more

Nitrogen application kg/ha
Treatment

0 160 240 320 400
Control 19.6 774 85.2 915 90.9
Compost 31.0 80.7 834 89.7 85.1

Isd 5% Control vs Composts 8.2

Controls between Nitrogen 9.8

Compost between Nitrogen 4.9

Grade A,B carrots because of a lower level of rejection (P = 0.001). This result was

influenced by a higher percentage of carrots produced in Control plots receiving no applied

nitrogen being under size (Tables 1.64; 65).

Table 1.64. Marketable yield of Grade A,B carrots (t/ha)

Nitrogen application kg/ha
Treatment

0 160 240 320 400
Control 41 64.3 70.3 71.3 70.2
Compost 15.4 67.6 71.2 734 69.0

Isd 5% Control vs Composts 9.6

Controls between Nitrogen 11.5

Compost between Nitrogen 5.8
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Table 1.65. Per cent of reject carrots (by weight)

Nitrogen application kg/ha

Nitrogen, Phosphorus and Potassium content of carrot top

Nitrogen

Within main plots the nitrogen content of carrot tops plots treated with 30 m* of Compost A
were fractionally higher than plants coming from Control and plots treated with 30 m* of
Compost B (P = 0.034; Table 1.66). There was a linear response to applied nitrogen

(P <0.001; Table 1.67).

Table 1.66. Nitrogen content of carrot top at harvest (% db)

Compost
Treatment 3 3
Nil 30m 60 m
Control 2.01a*
Compost A 2.10b 2.06ab
Compost B 2.00a 2.06ab

*

Values followed by a common subscript are not different (P > 0.05).

Table 1.67. Nitrogen content of carrot top at harvest (% db)

Treatment
0 160 240 320 400
Control 85.2 17.0 17.8 21.9 228
Compost 52.8 16.5 14.9 18.1 18.7
Isd 5% Control vs Composts 12.7
Controls between Nitrogen 15.1
Compost between Nitrogen 7.5

Nitrogen application kg/ha
Treatment
0 160 240 320 400
Control 1.755 1.912 1.897 2.137 2.332
Compost A 1.877 1.979 2.030 2.137 2.330
Compost B 1.804 1.950 2.002 2125 2.280
Phosphorus

Phosphorus content of carrot top at harvest declined with increasing application of Nitrogen
and was similar for all treatments (Table 1.68).

Table 1.68. Phosphorus content of carrot top at harvest (% db)

Nitrogen application kg/ha

Treatment
0 160 240 320 400
Control 0.588 0.292 0.245 0.230 0.252
Compost 0.601 0.274 0.226 0.223 0.234
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Potassium

Within the main plot stratum the Potassium content of carrot top at harvest was increased by
the application of 60 m* of compost (P = 0.016) and showed a quadratic response to applied
nitrogen (P < 0.001; Table 1.69).

Table 1.69. Potassium content of carrot top at harvest (% db)

Nitrogen application kg/ha
Treatment
0 150 250 350 450 Average
Control 3.487 4.210 4.397 3.890 3.457 3.89a*
Compost 30 m® 4.034 4.724 4.637 4.205 3.722 4.26ab
Compost 60 m® 4171 5.062 4.766 4.606 4.415 4.60b

*  Values followed by a common subscript are not different (P > 0.05).
Nitrogen, Phosphorus and Potassium content of carrot root

Nitrogen

Nitrogen concentration of carrot root at harvest increased with applied Nitrogen but was
similar for control and compost treated plots (Table 1.70).

Table 1.71. Nitrogen content of carrot root at harvest (% db)

Nitrogen application kg/ha
Treatment
0 160 240 320 400
Control 0.527 1.000 1.322 1.487 1.910
Compost 0.576 0.937 1.282 1.576 1.821
Phosphorus

Within the main plot stratum Phosphorus content of carrot root at harvest was not different.
The linear response of Phosphorus content to applied nitrogen for Control and Compost
treated plots was different (P = 0.05; Table 1.71).

Table 1.71. Phosphorus content of carrot root at harvest (% db)

Treatment Nitrogen application kg/ha
0 160 240 320 400
Control 0.318 0.348 0.350 0.350 0.408
Compost | 0.328 0.336 0.341 0.355 0.368
Isd 5% Control vs Compost 0.027
Isd 5% Control between N levels 0.033
Isd 5% Compost between N levels 0.017
Potassium

Within main plots carrot roots from control plots measured 2.34% db Potassium and carrots
from Compost treated plots 2.59% (P < 0.001). Control and treated plots responded
differently to applied Nitrogen with treated plots giving higher Potassium content at all levels
of applied Nitrogen (P = 0.011; Table 1.72).
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Table 1.72. Potassium content of carrot root at harvest (% db)

Nitrogen application kg/ha
Treatment
0 160 240 320 400

Control 2.675 2.622 2.392 1.975 2.045

Compost 2.721 2.837 2.601 2.437 2.354
Isd 5% Control vs Compost 0.19
Isd 5% Control between N levels 0.24
Isd 5% Compost between N levels 0.12

Analysis of carrot youngest fully mature leaf at harvest

The analysis of YFML at harvest showed Compost treated plots to have lower levels of most
minerals. Despite the continued application of Trace Elements Copper, Manganese and Zinc
levels continued to be low (Table 1.73).

Table 1.73. Analysis of carrot youngest fully mature leaf at harvest

Analyt Control Compost 5% Isd Normal range*

% db

Phosphorous 0.30 0.29 0.01 0.3-04

Potassium >4.00 >4.00 NA 1.3-1.5

Sodium 1.10 0.89 ns 0.7-4.5

Calcium 1.90 1.80 ns 1.8-2

Magnesium 0.24 0.255 0.01 0.35-0.40

Sulphur 0.32 0.32 ns 0.3-0.6
mg/kg

Boron 38.6 39.2 ns 29-35

Copper 3.60 3.13 0.37 5-7

Iron 425 356 38 120-350

Manganese 56 27 5 190-350

Zinc 27 19 1.6 20-50

* Reuter, D.J. and Robinson, J.B. Plant Analysis second edition CSIRO Publishing 1997.

Soil analysis at planting 0-15 cm

Samples were taken from plots receiving 0, 240 and 400 kg of applied Nitrogen only.
Within the main plot stratum Soil Total Nitrogen increased with rate of Compost:Control
0.026; 30 m* 0.474 and 60 m® 0.622% db (P = < 0.001).

Nitrogen present as nitrate

Soil nitrate levels at planting were high and reflected the turning of residue from the previous
lettuce crop into the soil. Compost treated plots which had not received applied nitrogen
were higher than control plots for the corresponding treatment (P = 0.09; Table 1.74).
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Table 1.74. Soil Nitrogen as Nitrate at planting (mg/kg db)

Nitrogen application kg/ha
Treatment
0 240 400
Control 4.00 12.00 15.50
Compost 10.69 14.50 15.25

Nitrogen present as Ammonium

Soil content of Nitrogen present as ammonium was higher in control plots (P < 0.001).
Control and Treated plots were different for different rates of applied nitrogen (P = 0.001;
Table 1.75).

Table 1.75. Soil Nitrogen as Ammonium at planting (mg/kg db)

Nitrogen application kg/ha
Treatment
0 240 400
Control 4.25 2.00 7.00
Compost 2.50 1.81 1.56
Isd 5% Control vs Compost 1.81
Isd 5% Control between N levels 2.40
Isd 5% Compost between N levels 1.18

Soil analysis at harvest 0-15 cm

Soil Total Nitrogen at harvest was similar to that recorded at seeding.

Soil Nitrogen present as Nitrate at harvest

Nitrate nitrogen levels had fallen dramatically and differences were unlikely to impact
significantly on plant growth (Table 1.76).

Table 1.76. Soil Nitrogen present as Nitrate at harvest (mg/kg)

Nitrogen application kg/ha
Treatment
0 240 400
Control 1.50 1.25 1.00
Compost 1.75 1.94 2.50
Isd 5% Control vs Compost 0.62
Isd 5% Control between N levels 0.83
Isd 5% Compost between N levels 0.41

Soil Nitrogen present as Ammonium at harvest

The differences in Soil Nitrogen present as Ammonium seen at planting had diminished but
within the main plot stratum it increased with rate of applied compost (P < 0.001; Table 1.77).
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Table 1.77. Soil Nitrogen as Ammonium at harvest (mg/kg db)

Control 1.42a*
30m? 2.08b
60 m® 2.92¢

* Values followed by a different subscript are different (P < 0.05).

Phosphorus

All sub plots which had received the fourth highest rate of nitrogen application were analysed
for Bicarbonate phosphorus (Table 1.78).

Table 1.78. Soil Phosphorus (bicarbonate extracted) at harvest (mg/kg db)

Compost
Treatment 3 3
Nil 30m 60 m
Control 63.3a"
Compost A 95.2b 116.5d
Compost B 106.2¢ 112.cd

* Values followed by a common subscript are not different (P > 0.05).

Compost application had increased plant available Phosphorus and differences between
Compost type and rate were recorded.

Growing conditions

Growing conditions were typical for Autumn-Winter. Irrigation and crop management met
recommendations (Figure 1.10).
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Figure 1.10. Weather conditions carrot crop 4.
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Nutrient leaching

All treatments measured leached a similar amount of water with 61% (452 mm) of the rain
(425 mm) and irrigation (316 mm) being collected in the drainage lysimeters. Evaporation
was 364 mm and the apparent crop water use (rain + irrigation — drainage) was 289 mm or
79.4 per cent of evaporation.

The quantity of Nitrogen and Potassium collected in drainage lysimeters under selected
treatments is given in Table 1.79.
Nitrogen

Separate analysis of plots treated with 240 kg of nitrogen fertiliser showed a trend for plots
spread with 30 m* of compost to leach less total Nitrogen (P = 0.08) and nitrogen as nitrate
(P = 0.065) than Control and plots spread with 60 m>.

Plots spread with 60 m* of Compost B and treated with 400 kg of fertiliser nitrogen leached
more organic nitrogen.

Table 1.79. Nutrients collected in drainage lysimeters during crop growth

compost | R | Nirogen | Nirogen | MaSNHs | NasNOs | organicN | PicilT
kg/ha kg/ha kg/ha
Control 0 56.5a 2.25ab 48.3a 5.9a
Control 240 123.3a 5.16b 96.4ab 21.7a 84
30 240 70.1a 1.07a 52.6ab 16.4a 109
B 30 240 101.1a 2.07ab 87.5ab 11.5a 122
A 60 240 122.8a 4.25b 103.3ab 15.3a 198
B 60 240 131.9b 2.12ab 111.3ab 18.5a 184
A 60 400 192.8bc 0.36a 178.9¢c 13.5a
B 60 400 242.8c 0.53a 192.5¢ 49.8b

*

Phosphorus and Potassium

Values followed by a common subscript are not different (P> 0.05). Values are the mean of 3 replications.

Plots received 200 kg/ha of Phosphorus before seeding and 300 kg/ha of Potassium was
applied during the growing period.

No Soluble Reactive Phosphorus (< 0.01 mg/L) was detected in leach samples and only
slightly more than half the samples showed detectable levels (0.1 or > mg/L) of total
phosphorus. Less than 500 mg /ha of Phosphorus was leached during the 20 week cropping
period.

The equivalent of 30 per cent of the Potassium applied was collected in the lysimeters.
Variation between replicates meant no difference between treatments was found.

Discussion

On analysis Compost B was expected to perform better than A. Compost A had a high C/N
ratio, contained a small amount of plant available nitrogen as ammonium and had a NDI of
0.68 which indicated it had a low level of available carbon. Compost B had performed well in
the previous lettuce crop and matured further in storage (Compost 5A and 4B Appendix 1.1).
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Whole plant, Top and Root growth at 75 days confirmed this assessment with Compost B
giving higher Total Plant and Top weight than Compost A and more root than Control and
Compost A treated plots (Tables 1.50-1.54).

At 112 days Compost A gave less Total Plant Growth than Compost B and the Controls
(Table 1.55). While the linear response of Total Plant Weight to applied nitrogen was lower
for compost treated plots this was arguable the result of the poor growth recorded by
Compost A (Table 1.57). Differences were the result of reduced Top growth rather than root
(Tables 1.58 and 1.59).

When no nitrogen was applied compost treated plots produced more carrots than control
plots indicating that the nitrogen status of the compost treated plots had increased.

At the final harvest the linear trend of Total Plant Weight to applied nitrogen was higher for
Control plots but Compost treated plots produced more Total Plant at low rates of nitrogen
application (Table 1.61). Differences between Compost type had largely disappeared but the
trend for Compost to increase Top and Root growth at low rates of nitrogen application
continued (Tables 1.62 and 1.63).

Carrots from Compost treated plots gave a better grading percentage and the trend was for
Compost to produce more grade A,B carrots (Tables 1.64 and 1.65).

Differences in plant nutrient content was small but there was an indication that the nitrogen
content of carrot Top was higher for Compost treated plots at low levels of nitrogen
application (Table 1.67).

The additional Potassium supplied by the Compost continued to increase the Potassium
content of carrot Top and Roots (Tables 1.68, 1.69 and 1.72).

Leaf analysis at harvest showed compost reduced the leaf concentration of most minerals
notably Manganese and Zinc. Copper levels continued to be low in all treatments
(Table 1.73).

Soil analysis confirmed Compost was increasing Soil Nitrogen but with the exception of
Control plots receiving no applied nitrogen Soil Nitrogen present at planting as Nitrate was
high for all treatments. Nitrogen present as Ammonium was higher in Control plots
(Tables 1.74 and 1.75).

The levels of Soil Nitrogen present as Nitrate had dropped dramatically at harvest
(Table 1.76) and luxury levels of plant available Phosphorus were recorded in Compost
treated plots.

There was a tendency for Compost to reduce the amount of nitrogen leaching into lysimeters
installed under plots receiving 240 kg of applied nitrogen.

Results confirmed that carrots were sensitive to compost quality and product which does not
meet the minimum standards suggested in Appendix 1.1 will potentially reduce carrot yield.
The nitrogen being applied with the continued use of compost was accumulating in the soil
and contributing a low level of plant available nitrogen for crop growth. The trend for
compost to increase carrot quality was similar to that recorded in the first carrot crop on this
site.
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Lettuce - Crop 5

Iceberg lettuce seedlings, variety magnum, were transplanted on 26 September 2002 and
the following fertiliser treatments applied weekly by watering can for 7 weeks. The lettuce
was harvested 54 days later on 19 November 2002. Intermediate growth was recorded on
24 October (28 days).

Treatment Compost rates m*/ha Nitrogen rate kg N/ha
Control Nil N1 Nil
A1/B1 30 N2 | 150
A2/B2 60 N3 250

N4 | 350
N5 450

Phosphorus was applied at a rate of 960 kg per hectare of single superphosphate (SSP)
together with a complete trace element mix as a single application across the site prior to
planting. In order to balance the plots for the phosphorus being applied in the compost
additional SSP was applied to control plots at a rate equivalent to 1,140 kg/ha. All
treatments received 450 kg of Potassium and 25 kg of Magnesium per hectare. The
Nitrogen treatments, together with Potassium and Magnesium were applied by watering can
as weekly applications apportioned; week 1, 3.0; week 2, 7.0; week 3, 12.5; week 4, 27.5;
week 5, 27.5; week 6, 12.5 and week 7 10 per cent of the total.

Compost quality

Compost A met our criteria for C/N ratio, toxicity and NDI but it contained 150 mg/L of
nitrogen as ammonium and no nitrate. This indicated it had not entered the maturation
phase and was not composted sufficiently. Compost B had a high C/N ratio of 25 contained
its plant available nitrogen in the ammonium form and the NDI of 0.37 showed it still
contained readily available carbon (Appendix 1.1 Compost 7 & 6B).

Carbon Nitrogen
Compost Nitrogen Drawdown Toxicity Ni.[::)ta:en NH4 + NO3 N?;ﬁ:’H“
Ration Index 9
Critical value <20 >0.5 > 60 >1.0 > 100 >0.14
Compost 7A 20 0.51 79 1.4 140 <0.10
Compost 6B 25 0.37 100 1.2 78 <0.10

Harvest - 28 days

Total weight of plant harvested at 28 days showed a quadratic response (P < 0.001) to
applied nitrogen but no difference between treatments (Table 1.80).

Table 1.80. Total lettuce plant weight (t/ha) at day 28

Applied nitrogen kg/ha
Treatment
16 50 75 95 117
Control 2.2 6.5 8.1 8.7 10.1
Compost 2.9 8.9 8.1 8.9 9.7
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Final harvest - 54 days

Plants were harvested a few days beyond optimum. There was a quadratic response to
applied nitrogen but no difference between treatments for Total and Processed Head weight
(Table 1.81).

Table 1.81. Final lettuce harvest of head and total plant weight (t/ha)

Applied Nitrogen kg/ha
Treatment Lettuce
16 150 250 350 450
Total plant 9.07 59.7 77.0 80.2 83.6
Control

Head 0.0 44.1 58.2 61.6 62.2
Total plant 12.0 57.3 74.7 78.8 80.1

Compost :
Head 0.0 42.6 57.0 60.3 61.4

Percentage head

On average Compost A increased the percentage of processed head (Table 1.82).

Table 1.82. Lettuce processed head (%)

Treatment Lettuce
Control 60.2a*
Compost A 61.1b
Compost B 60.5a

*

Values followed by a common subscript are not different (P > 0.05).
Nutrient content of Whole Plant

Nitrogen

Compost increased Nitrogen content of plants growing in plots receiving no applied nitrogen
P = 0.07) and caused the linear response of Nitrogen content of Whole Plant to applied
Nitrogen for Control and Compost treated plots to be different (P = 0.012; Table 83). The
response was for Compost to give lower concentrations of nitrogen at high rates of applied
Nitrogen.

Table 1.83. Nitrogen content of whole plant (% db)

Nitrogen application kg/ha
Treatment

16 150 250 350 450
Control 1.80 2.70 3.69 4.14 4.28
Compost 2.10 2.66 3.72 4.03 4.17

Isd 5% Control vs Compost 0.23

5% Control between N levels 0.28

5% Compost between N levels 0.14
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Phosphorus

Phosphorus content of whole plant at harvest was above the recognised normal range of
0.55 to 0.65 per cent. Differences between control and compost treated plots (Table 1.84)
were consistent with the level of soil phosphorus measured at the previous harvest of carrots
and the additional phosphorus applied to control plots (Table 1.78).

Table 1.84. Phosphorus content of Whole Plant at Harvest (% db)

Compost
Treatment 3 3
Nil 30 m 60 m
Control 0.719a*
Compost A 0.663b 0.684ab
Compost B 0.690ab 0.671ab

* Values followed by a common subscript are not different (P > 0.05).

Potassium

Potassium content of whole plant was higher from plots receiving 30 m> of compost
(Table 1.85).

Table 1.85. Potassium Content of Whole Plant at Harvest (% db)

Treatment Lettuce
Control 5.98a*
Compost30m® | 6.16b
Compost 60 m® 5.94a

*  Values followed by a common subscript are not different (P > 0.05).

Analysis of youngest mature wrapper leaf at harvest

The use of compost increased the Calcium, Magnesium and Sulphur content of lettuce
youngest mature wrapper leaf at harvest but reduced Manganese and Zinc concentrations
(Table 1.86).
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Table 1.86. Analysis of lettuce wrapper leaf at harvest

Analyt Control Compost 5% Isd Normal range**
% db
Nitrogen 3.46 3.53 ns
Phosphorous 0.71 0.66 ns 0.55-0.65
Potassium 7.59 7.92 ns 5.5-6.0
Sodium 0.98 0.96 ns <0.5-1.0
Calcium 1.32 1.52 0.19 1.4-2.0
Magnesium 0.39 0..42 0.027 0.3-0.7
Sulphur 0.30 0.33 0.026 0.3-0.32
mg/kg
Boron 38.5 37.9 ns 25-55
Copper 6.5 6.4 ns 10-18
Iron 964 1086 ns 50-500
Manganese 101 42 13.8 50-300
Molybdenum 0.08-0.17
Zinc 90 44 6.9 30-100

* Isd - Least significant difference P = 0.05.
** Reuter, D.J. and Robinson, J.B. Plant Analysis second edition CSIRO Publishing 1997.

Soil analysis at planting

Organic Carbon increased with rate of compost application (P < 0.001) and the linear
response of soil carbon to applied Nitrogen was different for each rate of Compost applied

(P =0.062; Table 1.87). Control plots increased with the rate of applied nitrogen, Compost at
30 m® declined with increased rate of Nitrogen application and 60 m? recorded similar levels
of soil carbon for all Nitrogen application rates.

Table 1.87. Soil organic carbon content (% db) at planting

Treatment Nitrogen application kg/ha
0 150 250 350 450

Control 0.475 0.545 0.518 0.528 0.598
Compost 30 m® | 0.901 0.856 0.766 0.760 0.770
Compost 60 m® 0.935 1.01 0.959 0.979 0.930

Isd 5% Control vs Composts 0.141

Compost 30 m® v 60 m* 0.115

Controls between Nitrogen 0.157

Compost 30 m® and 60 m> between N 0.111
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Nitrogen
Soil Nitrogen increased with the application of compost (P < 0.001; Table 1.88).

Table 1.88. Soil nitrogen (% db) at planting

Treatment Lettuce
Control 0.025a*
Compost 30 m* 0.046b
Compost 60 m? | 0.063c

*

Values followed by a common subscript are not different (P > 0.05).

Nitrogen as Nitrate

Soil Nitrogen as nitrate was lower than the previous carrot crop and on average was higher
for Compost A (P = 0.013) and higher when applied at 30 m* (P < 0.05; Table 1.89).

Table 1.89. Soil Nitrate nitrogen (mg/kg db) at planting associated with compost type and rate

Treatment Lettuce
Control 2.95a*
Compost A 4.88b
Compost B 4.25c
Compost 30 m® 4.80c
Compost 60 m® | 4.33b

*

Values followed by a common subscript are not different (P > 0.05).

Nitrogen as Ammonium

Compost treated plots gave lower levels of Nitrogen as Ammonium (P < 0.01) and the linear
response of Nitrogen as Ammonium to applied Nitrogen was different for rates of compost
applied (P = 0.03; Table 1.90).

Table 1.90. Nitrogen as ammonium content of soil at planting (% db)

Treatment Nitrogen application kg/ha

16 150 250 350 450
Control 2.25 3.75 3.75 4.25 4.00
Compost 30 m® 2.38 2.38 2.00 2.38 3.50
Compost 60 m? 2.75 2.88 2.62 2.12 2.38

Isd 5% Control vs Composts 1.314

Compost 30 m® v 60 m* 1.073

Controls between Nitrogen 1.421

Compost 30 m?® and 60 m> between N 1.005

58



Section 1 - Fertiliser Replacement Trials — Western Australia
Results — N replacement — Carrot Crop 6

Soil analysis at harvest
Organic Carbon

Organic Carbon content of soil at harvest had changed little during the period of the crop and
was similar to that recorded at planting. The linear trend for the Carbon content of Control
plots to increase with increased application of Nitrogen and for treated plots to decline
continued (P = 0.059; Table 1.91).

Table 1.91. Soil organic carbon at harvest

Treatment Nitrogen application kg/ha

16 150 250 350 450
Control 0.510 0.530 0.550 0.525 0.640
Compost 0.886 0.879 0.855 0.841 0.826

Isd 5% Control vs Compost 0.135

Control between N levels 0.169

Compost between N levels 0.0847

Nitrogen

Soil Total Nitrogen increased with rate of compost applied (P < 0.001; Table 1.92) and was
similar to that recorded at planting.

Table 1.92. Soil nitrogen at harvest (% db)

Treatment Lettuce
Control 0.028a*
Compost 30 m® 0.047b
Compost 60 m® 0.062¢c

*

Values followed by a common subscript are not different (P > 0.05).

Nitrogen as Nitrate

Soil nitrate concentrations showed a linear increase with applied Nitrogen and there was no
difference between treatments (Table 1.93).

Table 1.93. Soil Nitrogen as Nitrate (mg/kg)

Nitrogen application kg/ha
16 150 250 350 450
Average of treatments 1.40 2.00 3.85 6.40 6.55

Ammonium

Soil Nitrogen as Ammonium was higher in plots treated with 60 m* of compost (Table 1.94)
and the linear response of Soil Ammonium to applied Nitrogen was different for type of
Compost (P = 0.006; Table 1.95). This showed Ammonium to be higher in Compost A
treated plots at the lower rates of applied Nitrogen.
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Table 1.94. Soil Nitrogen as Ammonium at harvest (mg/kg)

Treatment Lettuce
Control 2.80a*
Compost 30 m® 2.88a
Compost60m® | 3.98b

* Values followed by a common subscript are not different (P > 0.05).

Table 1.95. Soil Nitrogen present as ammonium at Harvest (mg/kg)

Treatment Nitrogen application kg/ha

16 150 250 350 450
Control 1.75 2.25 2.00 3.50 4.50
Compost A 2.88 3.75 3.88 3.12 4.12
Compost B 2.25 2.62 3.25 3.75 4.62

Isd 5% Control vs Composts 1.14

Compost Av B 0.93

Controls between Nitrogen 1.21

Compost between Nitrogen 0.86

Growing conditions

Ideal spring growing conditions were experienced but irrigation scheduling fell below
recommendations during weeks 3 and 5 (Figure 1.11).

Leaching

All treatments measured leached a similar amount of water with 34% (115 mm) of the rain
(63 mm) and irrigation (278 mm) being collected in the drainage lysimeters. Evaporation was
308 mm and the apparent crop water use (rain + irrigation — drainage) was 226 mm or

73.4 per cent of evaporation.

Leachate was not analysed for nutrients.
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Figure 1.11. Weather conditions Lettuce Crop 5.
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Discussion

While compost A met many of the analytical standards recommended it contained a high
level of Nitrogen as ammonium relative to nitrate and possibly needed further processing
before use (Appendix 1.1 Compost 7A). Compost B had been used as Compost A
(Appendix 1.1 Compost 6A) for the final lettuce crop on the Potassium site but had been wet
up and turned during its 14 week storage. Analysis showed while it had increased in
ammonium content few other analysis had altered and it did not meet many of the desired
criteria (Appendix 1.1 Compost 6B).

Soil analysis at planting showed low levels of soil nitrate relative to those recorded at the
commencement of the previous carrot crop (Table 1.79) and while it was on average higher
for plots treated with Compost A (Table 1.89) the increased levels were unlikely to impact on
plant growth.

Compost application continued to increase Soil Carbon and Nitrogen but concentrations in
the top 15 cm appeared to be reaching a plateau when compared to measurements made on
previous crops (Tables 1.87 and 1.88).

While yield responded to applied nitrogen, compost did not alter Total or Processed Head
yield (Table 1.81). However, on average, plots treated with Compost A did yield a higher
percentage of processed head (Table 1.82).

Whole plant analysis showed that the nitrogen status of lettuce plants grown with compost
were marginally better at low rates of applied nitrogen (Table 1.83). This showed compost
was supplying low levels of plant available Nitrogen.

Carrots - Crop 6

The following compost treatments were applied and incorporated into the soil together with
an application of 200 kg per hectare of double super phosphate and trace minerals one week
prior to seeding carrots, variety Stefano, on 16 December 2002.

Treatment Compost rates m®ha Nitrogen rate kg N/ha
Control Nil N1 Nil
A1/B1 30 N2 75
A2/B2 60 N3 125

N4 225
N5 350

Nitrogen treatments were applied as potassium and ammonium nitrate and sulphate of
ammonia weekly as a percentage of the total proportional to growth by watering can together
with a total of 300 kg/ha of potassium, 17 kg of magnesium and 1.5 kg of Boron. Crop
growth was slowed by extremely hot weather recorded during February and the carrots were
harvested at 108 days on 10 April 2003. Intermediate harvest yield was recorded on

6 March (79 days).

Compost quality

Compost A met few of the criteria considered necessary to give a positive growth response
when applied to vegetable production. The C/N ratio of 27 was high and the NDI of 0.41
indicated it contained some readily available carbon. It did however contain 50 mg/L of plant
available nitrate nitrogen. Compost B was the same batch as that used in the previous trial
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but had been matured further. The analysis report returned for this batch appeared incorrect
and the correct analysis was assumed to be similar to that reported previously (Appendix 1.1

Compost 8A & 6B).
Carbon Nitrogen
Compost Nitrogen | Drawdown | Toxicity N.T°ta' NH, + NO; | NO3/NH.
. itrogen ratio

Ration Index

Critical value <20 >0.5 > 60 >1.0 > 100 >0.14

Compost 8A 27 0.41 74 1.1 50 >1.0

Compost 6B 25 0.37 100 1.2 78 <0.10

Harvest - 79 days
Plant density

There was no treatment effect on plant density. The 65 plants per m? recorded was lower
than planned.

Total plant weight

While there were no significant difference within the main plot stratum Control, Compost A
and Compost B treated plots showed a different linear response to applied Nitrogen

(P = 0.025; Table 1.96). This showed that the repeated application of compost was
increasing total plant growth at the low rates of applied Nitrogen, Compost A gave better total
growth than Compost B and Control at low rates of Nitrogen but poorer growth at higher
rates of applied Nitrogen.

Table 1.96. Total carrot plant weight at 79 days (t/ha)

Treatment Nitrogen application kg/ha
0 56 93 168 260
Control 5.45 18.75 25.12 41.20 41.95
Compost A 12.69 22.97 30.27 37.35 38.43
Compost B 9.71 19.26 26.69 39.37 40.57
Isd 5% Control vs Composts 6.3

Compost Av B 5.17

Controls between Nitrogen 6.43

Compost A & B between N 4.54

Carrot tops

Within the main plot stratum Compost at 60 m® increased the weight of Carrot Top (P = 0.03;
Table 1.97). The response of Top Weight for Compost A , Compost B and Control plots to
applied Nitrogen was different (P = 0.03; Table 1.98).

Table 1.97. Weight of carrot top at 79 days (t/ha)

Treatment Carrot Top
Control 9.31a*
Compost A 10.18a
Compost B 11.84b

*  Values followed by a common subscript are not different (P > 0.05).
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Table 1.98. Weight of carrot top at 79 days (t/ha)

Carrot roots

Treatment Nitrogen application kg/ha
0 56 93 168 260
Control 1.74 6.14 8.17 14.30 16.18
Compost A 4.38 8.46 10.92 15.10 16.80
Compost B 3.71 6.96 10.34 15.41 18.01
Isd 5% Control vs Composts 2.15
Compost Av B 1.76
Controls between Nitrogen 2.33
Compost between Nitrogen 1.64

Plots treated with compost A and B and Control showed a different linear response for weight
of carrot root to applied Nitrogen. Compost A reduced the weight of carrot root at high rates
of applied Nitrogen (P = 0.039; Table 1.99).

Table 1.99. Weight of carrot root at 79 days (t/ha)

Final harvest - 108 days

Extreme temperatures were experienced during February and the crop generally looked
poor. Top growth was noticeably higher in plots treated with compost and the crop was
harvested at light weights to enable a final winter lettuce crop to be grown.

Total plant weight

There was an interaction between Compost type and applied Nitrogen (P = 0.015) and the
linear response of Control and plots treated with Compost A and B to applied Nitrogen was

Treatment Nitrogen application kg/ha
0 56 93 168 260
Control 3.71 12.61 16.94 26.99 25.78
Compost A 8.31 14.51 19.34 22.25 21.63
Compost B 6.00 12.31 16.35 23.97 22.56
Isd 5% Control vs Composts 4.51
Compost Av B 3.68
Controls between Nitrogen 4.55
Compost between Nitrogen 3.22

different (P < 0.001; Table 1.100). This showed that Compost increased growth at low rates
of applied Nitrogen but Compost A reduced Total Growth relative to Compost B and Control

at high rates of applied Nitrogen.
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Table 1.100. Total carrot plant weight at 108 days (t/ha)
Treatment Nitrogen application kg/ha
0 75 125 225 350
Control 11.23 38.34 47.66 61.16 63.55
Compost A 27.71 45.01 53.84 59.59 56.67
Compost B 22.92 42.42 52.22 67.37 67.15
Isd 5% Control vs Composts 10.0
Compost Av B 8.2
Controls between Nitrogen 10.5
Compost A & B between Nitrogen 7.4

Carrot tops

The linear response of Carrot Top for Control and plots treated with Compost A and B to
applied Nitrogen was different (P = 0.012; Table 1.101). The trend was for Compost to
increase the weight of Carrot Top and Compost B grew more Top at the higher rates of
applied Nitrogen.

Table 1.101. Weight of carrot top at 108 days (t/ha)
Nitrogen application kg/ha
Treatment
0 75 125 225 350
Control 2.82 8.13 10.28 14.52 15.51
Compost A 6.60 12.01 13.81 16.36 17.60
Compost B 5.63 11.17 13.85 18.28 19.16

Carrot roots

There was an interaction between Compost type and applied Nitrogen (P = 0.016) and the
linear response of Weigh of Root to applied Nitrogen for Control and plots treated with
Compost A and B was different (P < 0.001; Table 1.102). Compost B and Control grew more
Carrot Root than Compost A at the highest rate of applied Nitrogen.

Table 1.102. Final harvest weight of carrots at 108 days (t/ha)
Treatment Nitrogen application kg/ha
0 75 125 225 350
Control 8.41 30.21 37.38 46.63 48.04
Compost A 21.11 33.00 40.04 43.23 39.07
Compost B 17.28 31.25 38.38 49.09 47.99
Isd 5% Control vs Composts 8.1
Compost Av B 6.6
Controls between Nitrogen 8.6
Compost A & B between Nitrogen 6.1
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Grade A,B Carrots

Root quality was poor and a high percentage of carrots did not meet grade A,B for root
shape and size. The linear response of Grade A,B Carrots to applied Nitrogen for Control
and plots treated with compost A and B was different (P = 0.018) and there was a trend for
Compost B to produce more Grade A,B carrots (Table 1.103).

Table 1.103. Weight of Grade A,B carrots at 108 days (t/ha)
Nitrogen application kg/ha
Treatment
0 75 125 225 350
Control 0.11 18.22 22.64 29.84 27.12
Compost A 11.73 18.72 24.77 29.32 19.72
Compost B 6.68 16.98 25.35 32.97 28.07

Nitrogen, Phosphorus and Potassium content of whole plant
Nitrogen content of carrot top

While there was no difference between treatments within the main plot stratum the response
of nitrogen content of Top from plants grown in Control and Treated plots showed a different
quadratic response to applied Nitrogen (P = 0.045; Table 1.104). There was a trend for
plants from Compost treated plots to have higher Nitrogen levels in their leaves.

Table 1.104. Nitrogen content of carrot top (% db)
Nitrogen application kg/ha
Treatment
0 75 125 225 350
Control 1.670 1.588 1.628 1.715 2.098
Compost 1.685 1.650 1.716 1.811 2.000

Phosphorus content of tops

Phosphorus content of Top was within normal range but lower (P = 0.004) in carrots grown in
Compost treated Plots (Control 0.412 and Treated 0.377% db).

Potassium content of tops

Tops continued to show higher Potassium content with increased rates of applied Compost

(Table 1.105).

Table 1.105. Potassium content of carrot top (% db)
Treatment Carrot top
Control 3.408a*
Compost 30 m® 3.507a
Compost 60 m* 3.839b

*

Values followed by a common subscript are not different (P > 0.05).

Nitrogen, Potassium and Phosphorus content of carrot root
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Nitrogen
Nitrogen content of roots was higher with higher rates of applied Compost (Table 1.106).

Table 1.106. Nitrogen content of carrot root (% db)

Treatment Carrot root
Control 1.243a*
Compost 30 m® 1.250a
Compost 60 m® . 1.340b

*

Values followed by a common subscript are not different (P > 0.05).

Phosphorus

Root Phosphorus content was fractionally lower in plots treated with 30 m® of Compost
(Table 1.107).

Table 1.107. Phosphorus content of carrot root (% db)

Treatment Carrot root
Control 0.5115a*
Compost 30 m® 0.4985b
Compost 60 m® 0.5195a

*

Values followed by a common subscript are not different (P > 0.05).

Potassium

Potassium content of Carrot Root was higher at the higher rate of Compost application
(Table 1.107).

Table 1.107. Potassium content of carrot root (% db)
Treatment Carrot Root
Control 2.920a"
Compost 30 m® 2.977a
Compost 60 m® 3.126b

*  Values followed by a common subscript are not different (P > 0.05).

Analysis of carrot youngest fully mature leaf at harvest

The analysis of YFML at harvest showed Compost treated plots to have lower levels of
Calcium, Manganese and Zinc (Table 1.108).
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Table 1.108. Analysis of carrot youngest fully mature leaf at harvest
Analyt Control Compost 5% Isd Normal range*
% db
Phosphorous 0.350 0.348 ns 0.3-0.4
Potassium 3.560 3.653 ns 1.3-1.5
Sodium 1.088 1.221 ns 0.7-4.5
Calcium 2.115 1.871 0.166 1.8-2
Magnesium 0.382 0.386 ns 0.35-0.40
Sulphur 0.366 0.366 ns 0.3-0.6
mg/kg
Boron 50 51 ns 29-35
Copper 6.6 7.3 0.52 5-7
Iron 678 628 ns 120-350
Manganese 47 25 4.7 190-350
Zinc 36.0 31.5 3.7 20-50

Reuter D.J. and Robinson J.B. Plant Analysis second edition CSIRO Publishing 1997.

Soil analysis at seeding

Nitrogen

Soil Total Nitrogen in the top 15 cm appeared to have plateaued but increased with rate of
applied Compost (Table 1.109).

Table 1.109. Soil total nitrogen (0-15 cm) (% db)
Treatment %
Control .028a*
Compost 30 m® .049b
Compost 60 m® .067c

*  Values followed by a common subscript are not different (P > 0.05).

Nitrogen present as Nitrate

Within main plots Compost Type and Rate impacted on soil nitrate (Table 1.110). Soil nitrate
levels of plots treated with different types of Compost showed a different response to applied
Nitrogen (P = 0.021; Table 1.111). Despite its high C/N ratio Compost A increased soil levels
of plant available nitrogen.

Table 1.110. Soil Nitrogen present as Nitrate at planting (mg/kg)
Compost
Treatment 3 3
Nil 30m 60 m
Control 6.25b*
Compost A 9.00c 11.2d
Compost B 5.05ab 4.00a

*

Values followed by a common subscript are not different (P > 0.05).
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Table 1.111. Soil Nitrogen present as Nitrate at planting (mg/kg)

Nitrogen application kg/ha
Treatment
0 75 125 225 350
Control 3.50 5.50 7.25 8.00 7.00
Compost A 7.00 9.50 11.88 11.13 11.00
Compost B 2.62 3.50 4.75 4.75 7.00

Soil Nitrogen present as Ammonium

Soil Nitrogen present as Ammonium levels in plots treated with different types of Compost
showed a different linear response to applied Nitrogen. Differences were small (P = 0.019;
Table 1.112).

Table 1.112. Soil nitrogen present as Ammonium at planting (mg/kg)
Nitrogen application kg/ha
Treatment

0 75 125 225 350
Control 1.00 1.00 1.50 1.00 1.25
Compost A 1.00 1.62 1.12 1.12 1.12
Compost B 1.00 1.38 1.12 1.75 1.62

Isd 5% Control vs Composts 0.59

Compost Av B 0.48

Controls between Nitrogen 0.70

Compost between Nitrogen 0.49

Soil analysis at harvest

Nitrogen

Soil Total Nitrogen was similar to that recorded at planting and increased with rate of applied
Compost (Table 1.109).

Soil Nitrogen present as Nitrate

Nitrogen as nitrate had fallen. It showed a linear response to applied Nitrogen, (P < 0.001),
but no significant difference between treatments (Table 1.113).

Table 1.113. Soil Nitrogen present as Nitrate at harvest (mg/kg)

Nitrogen application kg/ha
Treatment
0 75 125 225 350
Control 1.00 1.50 2.50 2.75 4.50
Compost 2.50 3.75 3.94 4.06 4.62

Soil Nitrogen present as Ammonium

There was an interaction between Compost Rate and Nitrogen for Soil content of Nitrogen
present as Ammonium with Compost applied at 30 m® giving higher concentrations than
Compost applied at 60 m® at the lower levels of applied Nitrogen (P = 0.026; Table 1.114).
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Table 1.114. Soil Nitrogen present as Nitrate at harvest (mg/kg)

Growing conditions

Hot weather was experienced over the total growing period. Irrigation scheduling did not
meet recommendations during seedling establishment and a main irrigation line failure

caused the crop to dry during week 13 (Figure 1.12).
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Figure 1.12. Weather conditions carrot crop 6.

Leaching

All treatments measured leached a similar amount of water with 23% (239 mm) of the rain

Nitrogen application kg/ha
Treatment

0 75 125 225 350
Control 2.75 2.75 3.50 2.75 5.00
Compost 30 m® 3.00 4.12 3.88 4.25 4.50
Compost 60 m’ 3.62 2.00 2.12 3.75 3.25

Isd 5% Control vs Composts 1.97

Compost 30 m®v 60 m* 1.61

Controls between Nitrogen 1.79

Compost 30 m® & 60 m* between N 1.27

T 40

16

10 April

AverageTemperature

(99 mm) and irrigation (933 mm) being collected in the drainage lysimeters. Evaporation was
859 mm and the apparent crop water use (rain + irrigation — drainage) was 793 mm or 92 per

cent of evaporation.

Leachate was not analysed for nutrients.
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Discussion

Despite having a C/N ratio of 27 Compost A increased levels of plant available nitrate
nitrogen at seeding (Table 1.111). This resulted in increased plant growth at lower levels of
applied nitrogen but reduced growth at higher levels relative to Compost B and Control at
both harvests (Tables 1.96 and 1.99). Top growth of Compost treated plots was higher and
the lower total plant weight was the result of poorer root growth of Compost A at the high
rates of applied nitrogen. The trend was for Compost B to produce more carrot root than
Control or Compost A treated plots (Tables 1.101 and 1.102). The quality of carrots from
Compost treated plots was better and Compost B recorded more Grade A,B carrots

(Table 1.103).

Plant analysis confirmed the better nitrogen status of plants grown in Compost treated plots
(Tables 1.104 and 1.106). Compost reduced Calcium, Manganese and Zinc content of
Youngest Fully Mature Leaf at harvest (Table 1.108).

The application of fresh compost stimulated the mineralisation of plant available soil nitrogen
and cause increased carrot growth at lower levels of applied Nitrogen. Higher levels of
applied Nitrogen decreased growth of carrots grown in Compost A treated soil by reducing
root growth relative to top growth at higher levels of applied Nitrogen. Delaying the
application of applied nitrogen until later in the crops growth may reduce this effect.
Compost improved carrot quality and Compost B treated plots produced more Grade A,B
carrots.

Lettuce - Crop 7

Iceberg lettuce seedlings, variety Oxley, were transplanted on 2 May 2003 and the following
fertiliser treatments applied weekly by watering can for 9 weeks. The lettuce was harvested
74 days later on 15 July 2003. Intermediate growth was recorded on 29 May 2003, 27 days
after transplanting.

Treatment Compost rates m*/ha Nitrogen rate kg N/ha
Control Nil N1 Nil
A1/B1 30 N2 150
A2/B2 60 N3 250

N4 350
N5 450

Phosphorus was applied at a rate of 1500 kg per hectare of double superphosphate (260 kg
P) together with a complete trace element mix as a single application across the site prior to
planting. All treatments received 450 kg of Potassium and 25 kg of Magnesium per hectare.
The Nitrogen treatments, together with Potassium and Magnesium were applied by watering
can as weekly applications. Week 1, 5; week 2, 9; week 3, 12; week 4, 12; week 5, 16;
week 6, 16; week 7, 15; week 8, 10 and week 9, 5 per cent of the total Fertiliser applied.
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Compost quality

Compost A had a C/N ratio of 19, contained plant available nitrogen as Nitrate and
Ammonium, was toxic, (potting mix test <5.0), and contained a high level of available carbon
(NDI =< 0.10). Compost B was the same batch used for the two previous trials, had been
stored for 8 months and watered and turned at approximate 4-6 week intervals. The C/N
ratio had reduced to 17, it contained a low level of Nitrogen as Nitrate (30 mg/L) and its NDI
of 0.2 showed it still contained readily available carbon. However, it exhibited low toxicity
(67) (Appendix 1.11, Compost 9A and 6B(2)).

Carbon Nitrogen
Compost Nitrogen | Drawdown | Toxicity Total NH; + NO; NOs/NH,
. Nitrogen ratio
Ration Index
Critical value <20 >0.5 > 60 >1.0 > 100 >0.14
Compost 9A 19 <0.10 <5.0 1.4 110 0.93
Compost 6B (2) 17 0.20 67 1.3 33 9.10

Harvest - 27 days

Within the main plot stratum Compost A increased plant weight relative to Control and
Compost B treated plots (Table 1.115). A linear regression fitted to the plot data grouped for
Compost type accounted for 74 per cent of the observed variance (P < 0.001; Figure 1.13).

Table 1.115. Weight of lettuce plants (t/ha)
Compost
Treatment 3 3
Nil 30m 60 m
Control 2.24c*
Compost A 3.424b 4.703a
Compost B 2.425¢ 2.516¢

o Values followed by a common subscript are not different (P > 0.05).

Total Lettuce Weight
27 days

Control = = = Compost A === == Compost B

Tonne/ha

Levels of N

Control
Vs I Control
Compost

5% LSD

__l_ AVsB I Compost

0 13 26 39 52 65 78 91 104 117
Applied Nitrogen kg/ha

Figure 1.13. Total lettuce plant weight in response to nitrogen application at day 28.
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Final harvest - 74 days

Within the main plot stratum there was an interaction between Compost type and rate.
Compost A at 30 m® produced more total Lettuce than Compost B or Control and had a
higher production at 60 m® (Table 1.116).

Table 1.116. Final harvested weight of lettuce (t/ha)

Compost
Treatment 3 3
Nil 30 m 60 m
Control 45.24¢c*
Compost A 52.24b 58.51a
Compost B 49.49¢c 45.27c

*  Values followed by a common subscript are not different (P > 0.05).

Percentage head

The linear response of Compost A to applied Nitrogen for Percentage Head was different
(P <0.001; Table 1.117). Plots treated with Compost A produced a higher percentage of
processed head than Control or Compost B treated plots at most levels of applied Nitrogen.

Table 1.117. Lettuce head weight expressed as percentage of the harvested plant
Treatment Nitrogen application kg/ha
16 150 250 350 450
Control 0 33.2 37.5 42.6 43.4
Compost A 20.1 44.8 47.3 46.1 45.8
Compost B 0 37.3 37.6 39.6 42.5
Isd 5% Control vs Composts 5.3
Compost Av B 4.3
Controls between Nitrogen 5.6
Compost A & B between Nitrogen 4.0
Total head

The higher plant weight and better percentage of processed head meant the compost
showed a different quadratic response to applied Nitrogen (P = 0.014). Exponential curves
fitted to the plot data had a probability of P < 0.001 and accounted for 86.7 per cent of the
observed variance (Figure 1.14). The amount of processed head produced was described
by the functions:

Control = 29.35-31.99 (0.99475)ANrogen
Compost A = 31.68 - 32.18 (0.9887)ANsen
Compost B = 26.85 - 29.88 (0.99294 )ANirogen
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Figure 1.14. Weight of processed lettuce head.

Nitrogen, Phosphorus and Potassium content of whole plant
Nitrogen

Nitrogen content of whole plant increased with rate of applied nitrogen (Table 1.118) and
within the main plot stratum plants grown in plots treated with compost contained more
(2.93% db) nitrogen than plants grown in control plots (2.81%). No other differences were
recorded.

Table 1.118. Nitrogen content of whole lettuce plant (% db)

Nitrogen application kg/ha
Treatment
16 150 250 350 450
Control 1.54 2.43 3.00 3.35 3.74
Compost 1.65 2.65 3.13 3.49 3.72
Phosphorus

The phosphorus content of plants grown in control plots and plots treated with compost
showed a different linear response (P = 0.006) to applied nitrogen (Table 1.119).

Table 1.119. Phosphorus content of whole plant (% db)

Nitrogen application kg/ha
Treatment

16 150 250 350 450
Control 0.47 0.63 0.74 0.78 0.79
Compost 0.54 0.66 0.70 0.73 0.78

Isd 5% Control vs Compost 0.060

Control between N levels 0.067

Compost between N levels 0.034
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Potassium

Within the main plot stratum potassium content of whole plant increased with rate of applied
compost (Table 1.120).

Table 1.120. Potassium content of whole plant (% db)

Treatment Lettuce
Control 6.31a*
Compost 30 m® 6.72b
Compost 60 m? 7.10c

*

Values followed by a common subscript are not different (P > 0.05).

Analysis of youngest fully mature leaf at harvest

Analysis of youngest fully mature leaf at harvest showed compost increased calcium, but
lowered Manganese, Molybdenum and Zinc concentration (Table 1.121).

Table 1.121. Analysis of lettuce wrapper leaf at harvest
Analyt Control Compost 5% Isd Normal range**
% db
Phosphorous 0.70 0.69 Ns 0.55-0.65
Potassium >04 >04 5.5-6.0
Sodium 0.30 0.29 Ns <0.5-1.0
Calcium 0.80 0.89 0.07 1.4-2.0
Magnesium 0.23 0.24 Ns 0.3-0.7
Sulphur 0.24 0.25 Ns 0.3-0.32
mg/kg
Boron 23.8 246 Ns 25-55
Copper 6.8 6.6 Ns 10-18
Iron 322 364 Ns 50-500
Manganese 46 20 3.6 50-300
Molybdenum 7.6 3.9 0.8 0.08-0.17
Zinc 72 55 10 30-100

*

Isd - Least significant difference P = 0.05.
** Reuter, D.J. and Robinson, J.B. Plant Analysis second edition CSIRO Publishing 1997.

Manganese and zinc concentrations continued to be low in plants grown in plots treated with
compost.
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Soil analysis at planting
Organic carbon

Within the main plot stratum soil carbon increased with rate of compost applied
(Table 1.122).

Table 1.122. Soil organic carbon at planting (% db)

Treatment Lettuce
Control 0.513a*
Compost 30 m® 0.753b
Compost 60 m® 0.918¢c

*

Values followed by a common subscript are not different (P > 0.05).

Nitrogen

Within the main plot stratum soil nitrogen increased with increased rate of compost
application (Table 1.123).

Table 1.123. Soil Nitrogen at planting (% db)

Treatment Lettuce
Control 0.028a*
Compost 30 m* 0.048b
Compost 60 m® 0.066¢

*  Values followed by a common subscript are not different (P > 0.05).

Soil nitrogen content of control and compost treated plots showed a different linear response
to applied nitrogen (P = 0.02) and linear regressions fitted to the plot data grouped for
compost rate accounted for 86.4 per cent of the observed variance (P < 0.001; Figure 1.15).
Soil nitrogen for each rate of applied compost was described by the functions:

Control = 0.0246 + 0.00001358 x applied nitrogen

30m®> = 0.0476 + 0.00001148 x applied nitrogen
60m® = 0.0683 — 0.00001012 x applied nitrogen
0.08 -
Control = = = 30 m3 =— =—60m3
0.07 - —_— .
0.06 -
0054 40 v o m == g=m== g === """
2 A A A A
0.04
0.03 - —a
— — o
0.02
0.01 T 5% LSD
= Compost Rate
0.00 T T T T T T T T T T T T T T T T
0 50 100 150 200 250 300 350 400 450
Applied Nitrogen (kg/ha)
Figure 1.15. Soil nitrogen content at seeding.
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While control, and plots treated with 30 cubic metres of compost, showed a slight increase in
soil nitrogen with increasing application of nitrogen fertiliser, there was a trend for plots
treated with 60 cubic metres to decline in soil nitrogen with higher rates of fertiliser
application.

Nitrogen as Nitrate

The level of soil nitrogen present as nitrate was effected by both compost type and rate
(P < 0.001; Table 1.124). The application of fresh compost dramatically increased soil
nitrate. Control plots and those treated with the matured compost B were not different.

Table 1.124. Soil Nitrogen as Nitrate at planting (% db)

Compost
Treatment 3 3
Nil 30 m 60 m
Control 2.8a*
Compost A 14.15b 24 .45¢
Compost B 3.90a 4.15a

*  Values followed by a common subscript are not different (P > 0.05).

Nitrogen as Ammonium

Soil ammonium was increased by compost A applied at the 60 m®. There was no difference
between other treatments (Table P = 0.001).

Table 1.124. Soil Nitrogen as Ammonium planting (% db)

Compost
Treatment 3 3
Nil 30 m 60 m
Control 3.35a"
Compost A 4.05a 8.05b
Compost B 2.60a 3.20a

*  Values followed by a common subscript are not different (P > 0.05).

Soil analysis at harvest
Organic Carbon

Within the main plot stratum soil carbon increased with rate of compost applied (Table 1.125)
and was similar to that recorded at planting.

Table 1.125. Soil Carbon at harvest (% db)

Treatment
Control 0.535a*
Compost 30 m* 0.789b
Compost 60 m® 0.952¢

*  Values followed by a common subscript are not different (P > 0.05).
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Nitrogen
Soil nitrogen increased with rate of applied compost (P < 0.001; Table 1.126).

Table 1.126. Soil Nitrogen at harvest (% db)

Treatment
Control 0.028a*
Compost 30 m* 0.048b
Compost 60 m® 0.065¢

*  Values followed by a common subscript are not different (P > 0.05).

Nitrogen as nitrate

Nitrogen present as nitrate had fallen dramatically but within the main plot stratum plots
treated with 60 m® of compost still recorded higher levels (P = 0.04; Table 1.127).

Table 1.127. Soil Nitrogen present as Nitrate at harvest (mg/ kg)

Treatment
Control 3.90a*
Compost 30 m® 4.08a
Compost 60 m® 5.23b

*  Values followed by a common subscript are not different (P > 0.05).

Nitrogen as Ammonium

While levels of soil ammonium were lower than at planting (Table ?) plots treated with 60 m®
of the fresh compost (A) still recorded higher levels (P = 0.03; Table 1.128).

Table 1.128. Soil Nitrogen as Ammonium at harvest (% db)

Compost
Treatment 3 3
Nil 30m 60 m
Control 1.24a*
Compost A 1.23a 2.00b
Compost B 1.15a 1.40a

*  Values followed by a common subscript are not different (P > 0.05).

Nutrient leaching

All treatments measured leached a similar amount of water with 78% (389 mm) of the rain
(364 mm) and irrigation (133 mm) being collected in the drainage lysimeters. Evaporation
was 153 mm and the apparent crop water use (rain + irrigation — drainage) was 110 mm or
72 per cent of evaporation.

Nitrogen leached during the trial is shown in Table 1.129.
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Table 1.129. Nitrogen collected in drainage lysimeters during crop growth
compost | RS | nirogen | nitrogen | NaSN | NasNOs | organic
kg/ha kg/ha
Control 0 0 28a 24 25a 0.5
Control 0 250 84b 3.9 79a 0.7
A 30 250 103b 0.9 100a 1.8
B 30 250 83b 1.3 80a 1.3
A 60 250 104b 27 83a 18.4
B 60 250 86b 1.6 84a 1.1
A 60 450 261c 0.4 266b -5.4
B 60 450 228c 0.2 221b 6.6

* Values followed by a common subscript are not different (P > 0.05). Values are the mean of 3 replicates.

Separate analysis of plots fertilised with 250 kg of nitrogen showed that on average Compost
A increased the amount of Nitrogen leached (104 kg/ha) when compared to Control

(84 kg/ha) and Compost B (83 kg/ha) treated plots (P = 0.07). Plots fertilised with 450 kg of
nitrogen leached more nitrogen.

Growing conditions

Typical cold winter growing conditions were experienced (Figure 1.16).
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Figure 1.16. Growing conditions for Lettuce Crop 7.
Discussion

On analysis Compost A recorded a C/N ratio of 19, and contained both Nitrate and
Ammonium nitrogen. It was not mature, exhibited toxicity and contained readily available
carbon (Appendix 1.11 Compost 9A). It stimulated soil content of plant available nitrate at
planting (Table 1.124) and increased plant growth at both harvests (Figure 1.13 and
Table 1.116). It increased the percentage of plant recovered as processed head and
increased weight of processed head dramatically (Table 1.117 and Figure 1.14).
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Plant analysis confirmed increased nitrogen content of plants grown in Compost treated plots
(Table 1.118). Potassium content was increased with increased rate of Compost application
(Table 1.120). Compost lowered Manganese and Zinc content of youngest fully mature
wrapper leaf at harvest (Table 1.121).

Soil Carbon and Nitrogen in the top 15 cm had reached a plateau. Soil Nitrogen content for

plots treated with 60 m® of compost declined with increased rates of applied Nitrogen but Soil
Nitrogen increased with applied Nitrogen in Control and plots treated with 30 m® of Compost

(Figure 1.15).

The application of fresh Compost stimulated the mineralisation of soil nitrogen and increased
plant available nitrate and ammonium. This increased plant growth and caused a higher
yield of lettuce at lower levels of applied Nitrogen.

Conclusion and trial summaries — Nitrogen site

At the commencement of the trials Compost quality was poor and although it improved as the
work progressed the majority of batches failed to meet the analysis criteria considered
necessary to give an immediate response in vegetable production. Despite this increased
growth was recorded in 3 of the 4 lettuce crops grown on this site.

The increased growth recorded for compost treated plots in the first lettuce crop (crop 1) was
attributed to better Potassium rather than Nitrogen nutrition of the crop. Compost A applied
to the second lettuce crop (crop 3) stimulated soil nitrate and contributed to the average of
the Compost treatments showing about 10 per cent better growth than Controls. Compost A
used on the third lettuce crop (crop 5) was poorly processed, failed to increase soil nitrate at
planting and reduced plant nitrogen content. Harvest weights were similar to controls.
Compost A applied to the final lettuce crop (crop 7), while still relatively immature, contained
plant available nitrate, stimulated soil nitrate production, increased the nitrogen status of
plants and increased production by as much as 20 per cent.

The regression of plot data for average weight of lettuce at harvest and soil nitrate
concentration at planting, grouped for rate of applied nitrogen, accounted for 90 percent of
the observed variance and demonstrated the impact soil nitrate concentration had on final
yield (Figure 1.17).
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Figure 1.17 Effect of soil concentration of nitrate nitrogen on final weight of lettuce.

Carrots are more sensitive to Compost quality and Compost which does not meet the
suggested critical analysis values will potentially reduce yields. Carrots showed increased
vigour and top growth in response to higher levels of nitrate and soil organic nitrogen
resulting from the repeated use of Compost. Increased root yields at high rates of Nitrogen
application were recorded at interim harvests but these were not significant at final harvest.
The control of vigour and timing of Nitrogen application is obviously important in achieving
optimum root yield at a particular rate of Nitrogen application. The delaying of nitrogen
application to compost treated plots to reduce vigour and achieve a better balance between
shoot and root growth would potentially increase root yield at lower rates of applied Nitrogen.
Compost consistently improved carrot quality and increased the weight of grade A,B carrots.

Poor compost quality reduced both top and root weight of the first carrot crop (crop 2) but
Compost increased the percentage of grade A,B carrots. The quality of Compost A applied
to the second carrot crop (crop 4) was poor and reduced top and root growth at 75 days.
Compost B increased root growth at 75 days but differences between Compost type were not
significant at harvest and on average Compost reduced root growth at higher rates of
Nitrogen application. However, Compost improved root quality and produced more Grade
A,B carrots. Compost quality for the third carrot crop (crop 6) was better and despite a C/N
ratio of 27 Compost A increased soil nitrate and increased top and root growth at low rates of
applied Nitrogen but root growth at high rates of Nitrogen was reduced. Compost B showed
increased top weight at all rates of applied Nitrogen and root weight similar to Controls. Root
quality was improved and Compost B produced more grade A,B carrots.

Compost reduced the plant availability of Manganese and Zinc and increased applications of
these trace minerals may be necessary in some areas.
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Results - Phosphorus replacement trial site

Carrots - Crop 1

The following fertiliser and compost treatments were applied and incorporated into the soil
one week prior to seeding Carrots, variety Stefano, on 3 May 2001.

Treatment Compost rates m’/ha Phosphorus rate kg N/ha
Control Nil P1 Nil
A1/B1 30 P2 50
A2/B2 60 P3 125

P4 200
P5 275

In addition all plots received a total of 340 kg of Nitrogen, 306 kg of Potassium, 18 kg of
Magnesium and 1.8 kg of Boron applied weekly through the sprinkler system. Weekly
amounts were a percentage of the total proportional to growth. The carrots were harvested
at 159 days on 9 October. Intermediate harvest weights were recorded on 17 July (74 days)
and 28 August 9 (116 days).

Compost quality

The same composts as those used for the first trial on the Nitrogen site were used.

Compost A failed to meet many of the criteria desired. It's carbon to nitrogen ratio of 28 was
high, it contained no plant available Nitrogen and the nitrogen drawdown index of 0.21
indicated it still contained readily available carbon. Although Compost B had been heaped
and stored for about 9 months after its initial ‘thermophilic’ composting period it was similar to
compost A. However, it's carbon to nitrogen ratio, 21, was lower, it contained more than
twice as much Phosphorus and the Nitrogen Drawdown index of 0.50 was acceptable
(Compost 1A and B).

Carbon Nitrogen
Compost Nitrogen | Drawdown | Toxicity Ni-:-:::a:en NH,4 + NO; N?;i:i”“
Ratio Index g
Critical value <20 >0.5 > 60 >1.0 > 100 >0.14
Compost 1A 28 0.21 55 1.3 <1.0 <0.1
Compost B 21 0.50 57 1.5 <1.0 <01

Plant weight 74

Within the main plot stratum Total Plant growth increased when 60 m® of Compost was

days

applied (P = 0.004; Table 1.130).

Table 1.130. Total plant weight at 74 days (t/ha)
Treatment Carrot
Control 5.43a*
Compost 30 m® 5.62a
Compost 60 m® 8.11b

*

Values followed by a common subscript are not different (P > 0.05).
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There was an interaction between Compost type and applied Phosphorus (P = 0.027) and
the quadratic response of Plant weight to applied Nitrogen for different Compost type was
different (P = 0.035; Table 1.131). This was consistent with Compost supplying plant
available Phosphorus and Compost B containing 1.3% Phosphorus and Compost A 0.6%
(db).

Table 1.131. Total plant weight at 74 days (t/ha)

Phosphorus application kg/ha
Treatment

0 50 125 200 250
Control 0.41 4.98 6.58 7.51 7.65
Compost A 2.29 6.62 7.68 8.74 8.58
Compost B 4.62 6.99 7.94 7.81 8.88

Isd 5% Control vs Composts 2.16

CompostAv B 1.77

Controls between Phosphorus 1.93

Compost between Phosphorus 1.36

The ratio of root to shoot produced was consistent across main plots and similar
relationships to that of whole plant were found for weight of root. Root weight increased with
weight of compost (Table 1.132) and there was an interaction between Compost type and
applied Nitrogen (P = 0.014). The quadratic response of root weight to applied Phosphorus
for each Compost type was different with Compost B producing more root weight (P = 0.023;
Table 1.133).

Table 1.132. Weight of carrot root at 74 days (t/ha)

Treatment Carrot
Control 2.75a*
Compost 30 m® 3.09a
Compost 60 m® | 4.08b

*

Values followed by a common subscript are not different (P > 0.05).

Table 1.133. Weight of carrot root at 74 days (t/ha)

Phosphorus application kg/ha
Treatment

0 50 125 200 250
Control 0.26 2.54 3.17 3.97 3.82
Compost A 1.27 3.25 3.89 4.46 4.47
Compost B 2.36 3.53 3.98 4.04 4.62

Isd 5% Control vs Composts 0.97

Compost Av B 0.79

Controls between Phosphorus 0.84

Compost between Phosphorus 0.59

Total plant at final harvest 159 days

Shade from tall trees north of the experimental plots became apparent as day length
decreased in June and all plots were scored for shading over the period 8.00 a.m. to
4.00 p.m. This was used as a covariate in the analysis of the final harvest (P < 0.001).
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Within the main plot stratum Compost treated plots (109 t/ha) produced more Total Plant

weight than Controls (97 t/ha) (P < 0.001). There was an interaction between Compost type
and rate of applied Phosphorus (P = 0.003) and the linear and quadratic responses of Total

plant weight to applied Phosphorus for Compost type were different (P = 0.004 and

P =0.044; Table 1.134).

Table 1.134. Total weight of carrot plant at harvest (t/ha)

*

Treatment means adjusted for covariate.

Weight of Top at 159 days

There was an interaction between treated and untreated plots and applied phosphorus
(P =0.023). The response of Weight of Carrot Top to applied Phosphorus for Control and
Compost treated plots was different (P = 0.023; Table 1.135). Compost treated plots

produced more Top.

Table 1.135. Weight of carrot top at harvest (t/ha)

Phosphorus application kg/ha
Treatment
0 50 125 200 250

Control 45.1* 98.4 109.0 119.7 113.0
Compost A 81.6 107.5 113.3 118.0 117.0
Compost B . 97.1 108.2 117.5 115.6 118.2

Isd 5% Control vs Composts 9.38

CompostAv B 7.66

Controls between Phosphorus 9.36

Compost between Phosphorus 6.62

The linear response of plant top to applied Phosphorus was different for type of Compost
applied and there was a trend for Compost A to produce more top at the higher rates of

applied Phosphorus (P = 0.013; Table 1.136).

Phosphorus application kg/ha
Treatment
0 50 125 200 250
Control 7.4 14.2 17.6 17.8 17.6
Compost 13.2 15.7 17.7 18.0 18.9
Isd 5% Control vs Compost 3.2
Isd 5% Control between N levels 3.4
Isd 5% Compost between N levels 1.7
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Table 1.136. Weight of carrot top at harvest (t/ha)

Treatment Phosphorus application kg/ha

0 50 125 200 250
Control 7.4 14.2 17.6 17.8 17.6
Compost A 12.0 15.4 17.4 19.2 19.5
Compost B 14.3 15.9 17.9 16.8 18.4

Isd 5% Control vs Composts 3.6

CompostAv B 2.9

Controls between Phosphorus 3.4

Compost between Phosphorus 2.4

*

Treatment means adjusted for covariate.

Total weight of carrot root

Within the main plot stratum total root weight was affected by Compost type (P = 0.034;
Table 1.137).

Table 1.137. Total carrot roots at harvest (t/ha)
Treatment Carrot
Control 82.1a*
Compost A 90.7b
Compost B 94.6¢

*

Values followed by a different subscript are different (P < 0.05).

There was an interaction between Compost Type and applied Phosphorus (P = 0.008) and
the response of weight of roots harvested to applied phosphorus was different with a trend
for Compost B to produce more carrots at the lower rates of applied Phosphorus (P < 0.018;
Table 1.138).

Table 1.138. Weight of carrot root at harvest (t/ha)

Treatment Phosphorus application kg/ha

0 50 125 200 250
Control 37.7 84.2 91.4 101.9 95.4
Compost A 69.5 92.0 95.9 98.8 97.5
Compost B 82.8 92.3 99.5 98.7 99.8

Isd 5% Control vs Composts 7.3

Compost Av B 6.0

Controls between Phosphorus 7.8

Compost between Phosphorus 5.5

An exponential curve fitted to the treatment means gave a probability of P < 0.001 and
accounted for 90.8 per cent of the variance (Figure 1.10). The relationship of total weight of
carrots produced at harvest and applied phosphorus was described by the functions.

Control = 97.31 — 59.34 (0.97237) Phosehorus
Compost A = 97.90 — 28.14 (0.97237) Phosphorus
Compost B = 98.9 — 16.69 (0.97237) Phosphorss
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Figure 1.17. Total weight of carrot root harvested at 159 days.
The rate of applied Phosphorus to achieve 99 per cent of maximum yield was 146.7 kg/ha for
the control, 119.9 kg/ha for Compost A and 100.8 kg/ha for compost B. This approximated
that 40 per cent of the phosphorus contained in the compost could be substituted for applied
Phosphorus. There was a small additional growth benefit from the addition of compost.
Market A,B grade carrots

Carrot quality was similar and there was an interaction between rate of applied Compost and
applied Phosphorus (P = 0.032; Table 1.139) for weight of Grade A,B carrots which showed
more market sized carrots were produced at the low levels of applied Phosphorus.

Table 1.139. Weight of grade A,B carrots (t/ha)

Phosphorus application kg/ha
Treatment
0 50 125 200 250
Control 14.6 47.2 55.5 65.5 57.9
Compost 30 m® | 34.0 60.0 59.7 58.9 62.6
Compost 60 m® 52.3 61.5 67.5 67.2 56.6
Isd 5%  Control vs Composts 16.3
Compost Av B 13.3
Controls between Phosphorus 16.2
Compost between Phosphorus 11.6

Nitrogen, phosphorus and potassium content at harvest

Nitrogen content of carrot top

Within the main plot stratum carrot leaf Nitrogen declined with rate of Compost applied

(P = 0.056; Table 1.140) but the response of leaf nitrogen concentration to applied
Phosphorus was not different for Control and Compost treated plots Table (1.141). The
nitrogen status of plants was generally good and reflected the high level of Nitrogen fertiliser
used to remove any likely response to the Nitrogen contained in the Compost.
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Table 1.140. Nitrogen content of carrot top at harvest (% db)

Treatment Carrot
Control 2.14a*
Compost 30 m® 1.95b
Compost 60 m® | 1.84c

* Values followed by a different subscript are different (P < 0.05).

Table 1.141. Response of leaf nitrogen content to applied phosphorus
Phosphorus application kg/ha
Treatment
0 50 125 200 250
Control 2.45 2.19 2.08 2.02 1.98
Compost 2.07 1.96 1.82 1.83 1.80

Phosphorus content of Carrot Top

Within main plots Compost B gave higher Phosphorus content of Carrot Top (Table 1.142).
This was consistent with its P content of 1.3 per cent compared to Compost A, 0.6 per cent.

Table 1.142. Phosphorus content of carrot top at harvest (% db)

Treatment %
Control 0.214a*
Compost A 0.217a
Compost B 0.226b

*

Values followed by a similar subscript are not different (P > 0.05).

The linear response of Phosphorus content of carrot leaf to applied phosphorus was different
for each rate of applied Compost (P = 0.018; Table 1.143). Phosphorus content was below
the 0.32 per cent reported by McPharlin et al. and production results showed that yield was
maximised at contents above 0.21 per cent db.

Table 1.143. Phosphorus content of carrot top at harvest (% db)

Treatment Phosphorus application kg/ha
0 50 125 200 250

Control 0.158 0.170 0.195 0.252 0.295
Compost 30 m® 0.161 0.175 0.211 0.261 0.309
Compost 60 m® 0.170 0.176 0.211 0.259 0.282

Isd 5% Control vs Composts 0.022

Compost Av B 0.018

Controls between Phosphorus 0.027

Compost between Phosphorus 0.019
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Potassium content of carrot top

There was an interaction (P = 0.012) between rate of Compost applied and applied
Phosphorus for Potassium content of leaf. Potassium content was elevated in plants grown
in control plots receiving no applied Phosphorus. The quadratic response of leaf Potassium
content to applied Phosphorus was different for each rate of Compost (P = 0.02;

Table 1.144). Compost increased leaf Potassium.

Table 1.144. Potassium content of carrot top at harvest (% db)
Treatment Phosphorus application kg/ha

0 50 125 200 250
Control 4.72 2.43 2.44 2.32 2.09
Compost 30 m® 3.33 2.55 2.48 2.43 247
Compost 60 m® | 2.74 2.78 2.78 2.45 2.59

Isd 5% Control vs Composts 0.48

Compost Av B 0.40

Controls between Phosphorus 0.53

Compost between Phosphorus 0.37

Nitrogen content of carrot root

There was no treatment effect on the nitrogen content of Carrot roots and an average of
1.3 per cent (db) was recorded.

Phosphorus content of carrot root

The response of Phosphorus content of root to applied Phosphorus was different for each
rate of Compost applied (P = 0.001; Table 1.145) and the interaction between Compost rate
and applied Phosphorus was significant (P = 0.003). Production data shows Phosphorus
content above 0.320 per cent db were adequate for maximum vyield.

Table 1.145. Phosphorus content of carrot root at harvest (% db)
Treatment Phosphorus application kg/ha
0 50 125 200 250

Control 0.168 0.215 0.292 0.375 0.375
Compost 30 m* 0.196 0.242 0.331 0.355 0.371
Compost 60 m® | 0.235 0.263 0.320 0.349 0.369

Lsd 5% Control vs Composts 0.029

Compost Av B 0.024

Controls between Phosphorus 0.028

Compost between Phosphorus 0.020
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Potassium content of carrot root

Compost increased Potassium content of root and the linear response of Potassium content
to applied Phosphorus for different rates of Compost was different (P = 0.057; Table 1.146).

Table 1.146. Potassium content of carrot root at harvest (% db)
Treatment Phosphorus application kg/ha

0 50 125 200 250
Control 2.46 1.77 1.58 1.55 1.59
Compost 30 m® 2.02 1.87 1.74 1.72 1.72
Compost 60 m® 1.90 1.85 1.85 1.86 1.79

Isd 5% Control vs Composts 0.225

Compost Av B 0.184

Controls between Phosphorus 0.240

Compost between Phosphorus 0.170

Analysis of youngest fully mature wrapper leaf at harvest

YFML analysis is given in Table 1.147. Surprisingly the leaf analysis did not detect any
treatment differences for Phosphorus content. Compost reduced Copper, Manganese and
Zinc concentrations but elevated Calcium and Magnesium.

Table 1.147. Analysis of carrot wrapper leaf at harvest
Analyt Control Compost 5% Isd Normal range*
% db
Phosphorus 0.22 0.22 ns 0.3-0.4
Potassium na** na | 1.3-1.5
Sodium 1.57 1.62 ns 0.7-4.5
Calcium 1.61 1.78 0.14 1.8-2
Magnesium 0.27 .03 .02 0.35-0.40
Sulphur 0.28 0.24 | 0.02 0.3-0.6
mg/kg
Boron 37 37 ns 29-35
Copper 5.1 3.8 0.4 5-7
Iron 862 859 ns 120-350
Manganese 138 64 . 23 190-350
Zinc 32 22 43 20-50

*

Reuter, D.J. and Robinson, J.B. Plant Analysis second edition CSIRO Publishing 1997.
**  Some samples exceeded 3.0 per cent the limit of analysis.
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Soil analysis

Plant available phosphorus at seeding

Natural variation within the soil and Compost, and inherent errors in experimental procedure,
sampling and analysis meant that difference in soil Bicarbonate extractable Phosphorus
content between some treatments could not be statistically verified (Table 1.148).

Table 1.148. Bicarbonate P content of soil at seeding (mg/kg db)

Treatment Phosphorus application kg/ha
0 50 125 200 275
Control 10.3 31.3 74.8 108 155
Compost A 30 m® 17.5 36.2 73.5 125.0 167.5
CompostA60m® | 268 42.5 76.0 117.5 155.0
Compost B 30 m® 23.7 43.8 77.0 125.0 141.6
Compost B 60 m® 36.5 59.8 103.2 117.5 180.0
Isd 5% All comparisons 19.4
Within main plots 18.8

The Phosphorus applied with the compost was clearly contributing to soil plant available
Phosphorus.

An exponential regression fitted to the plot data to determine the relationship of total weight
of carrot root harvested and soil content of Bic P at planting (P < 0.001) and grouped for rate
of applied Compost accounted for 69 per cent of the variance. The trend was for yield to be
higher at each level of soil Bic P for different rates of applied Compost (P = 0.049;

Figure 1.18).
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The weight of carrot root produced was described by the functions:
Control 93.82 — 121.7 (0.93001)"Bic P

Compost 30 m® = 97.11 — 121.7 (0.93001)*Bic P
Compost 60 m® = 100.9 — 121.7 (0.93001)*Bic P

140 Control = - - - -+ 30m3 60 m3
120 -
©
§ 100 -
8 80
14
©
- 60 -
Ny
2
()
S 40
20 A A
60 m3
0 'l T T T T T T
0 25 50 75 100 125 150
Bic P (mg/kg)
Figure 1.18. Response of total weight of carrot to soil content of Bic P at seeding and Compost rate.
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Figure 1.19. Relationship of P absorbed by plant and Bic P at seeding.

The relationship of total weight of Phosphorus taken up by the plant and soil content of Bic P
at seeding was described by the function:

Plant uptake of Phosphorus = 47.75 — 46.18 (0.98035)APhopshorus
The relationship accounted for 80 per cent of the observed variance and was consistent for

Control and Compost treated plots and could not be grouped for rate or type of Compost
(Figure 1.19).
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The finding shows that the Bic P can be used to estimate plant available P in compost
treated soils and soil Bic P requirements for crop production established on untreated soil are
applicable to Compost amended soil.

The small yield increase seen in Compost treated soil (Figure 1.18) at the same level of Bic
P suggests that something associated to Compost, other than P, was increasing plant
production.

Reduction of plant available phosphorus

The reduction of Bic P in the top 15 cm of soil from sowing to harvest average 38 per cent
and increased with increased rate of applied Phopshorus (Table 1.149). The reduction at the
lower levels of applied Phosphorus was associated with a higher level of error at low
concentrations and poorer growth exploiting a smaller soil volume.

Table 1.149. Percentage reduction of Bic P between sowing and harvest
Phosphorus application kg/ha
Treatment
0 50 125 200 275
Reduction % 24.4 35.1 40.1 43.2 46.7

Growing conditions

Typical winter growing conditions were experienced and irrigation management met
recommendations (Figure 1.20).
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Figure 1.20. Weather conditions Carrot Crop 1.
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Leaching

Three replications of all main plots receiving no applied Phosphorus were measured. All
main plots leached a similar amount of water with 75 per cent or 930 mm of the 565 mm of
rain plus 675 mm of irrigation being collected in the drainage lysimeters. Evaporation was
374 mm and the apparent crop water use (rain + irrigation - drainage) was 310 mm or 83 per
cent of evaporation.

Leachate analysis over the first 10 weeks showed no soluble reactive Phosphorus (< 0.001
mg/kg) but small and similar quantities (average of 116 gm/ha) of Total Phosphorus were
leached from all main plots receiving no applied Phosphorus.

Discussion

Results show that 100 kg of Phosphorus in Compost is equivalent to 40 kg of Phosphorus
contained in Super Phosphate. Bicarbonate Phosphorus content determined for Compost
amended soil was equivalent to that determined for unamended soils and gave similar
concentrations in harvested plants.

Despite its poor quality Compost A produced more Top than Control or Compost B treated
plots (Table 1.136) and the higher phosphorus content of Compost B caused it to produce
more carrots at lower levels of applied Phosphorus (Figure 1.17 and Table 1.137).

Lettuce — Crop 2

The following fertiliser and compost treatments were applied and incorporated into the soil
one week prior to Lettuce, variety raider, on 6 December 2001.

Treatment Compost rates m’/ha Phosphorus rate kg N/ha
Control Nil P1 Nil
A1/B1 30 P2 25
A2/B2 60 P3 75

P4 125
P5 175

In addition all plots received a total of 450 kg of Nitrogen, 500 kg of Potassium, 25 kg of
Magnesium applied through the sprinkler system throughout the trial. Week 1-2, 10 per cent;
week 2-3, 20 per cent; week 3-4, 30 per cent; week 4-5, 30 per cent; week 5-6, 10 per cent
of the total applied. The lettuce were harvested at 40 days on 14 January 2002. An
intermediate harvest weight was recorded at 21 days on 27 December 2001.

Compost quality

Compost A had a C/N ratio of 19, low toxicity but contained no plant available nitrogen.
Compost B was a coarse woody batch originally used for the carrot — crop 2 in the Nitrogen
site and had been matured further. While its C/N ratio had improved from 31 to 25 it still
failed to meet the required standards (Appendix 1.1 Compost 3A and 2B).

Carbon Nitrogen
Compost Nitrogen | Drawdown | Toxicity Ni-[::)ta:an NH4 + NO; N?;{::’H“
Ratio Index 9
Critical value <20 >0.5 > 60 >1.0 > 100 >0.14
Compost 1A 19 0.30 86 1.7 <1.0 <0.1
Compost B 25 0.29 20 1.3 <1.0 <0.1
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Harvest 21 days

Fresh weight

Within the main plot stratum production was affected by both compost type and rate
(P =0.032 and 0.043; Tables 1.150, 1.151).

Table 1.150. Total weight of lettuce at 21 days (t/ha)

Treatment Lettuce
Control 6.35a*
Compost A 7.44b
Compost B 6.98¢

*  Values followed by a different subscript are different (P < 0.05).

Table 1.151. Total weight of lettuce at 21 days (t/ha)

Treatment Lettuce
Control 6.35a*
Compost 30 m® 6.99b
Compost 60 m® 7.42¢c

* Values followed by a different subscript are different (P < 0.05).

There was an interaction between applied Phosphorus and Compost type (P = 0.001) and
the quadratic response of plant weight to applied Phosphorus was different for each type of
Compost (P = 0.01; Table 1.152).

Table 1.152. Total plant weight of lettuce at 21 days (t/ha)

Treatment Phosphorus application kg/ha

0 25 755 125 175
Control 1.16 4.16 7.33 9.38 9.70
Compost A 2.98 6.64 8.30 10.06 9.22
Compost B | 3.69 5.32 8.18 8.37 9.31

Isd 5% Control vs Composts 1.07

CompostAv B 0.88

Controls between Phosphorus 1.25

Compost between Phosphorus 0.89

Compost A and B produced more growth at the lower rates of applied Phosphorus and there
was a trend for Compost B to produce less at higher rates of applied Phosphorus. This was
consistent with compost supplying Phosphorus and the poor quality of Compost B potentially
reducing production.

The linear response of total plant weight to applied Phosphorus was different for rate of
Compost applied and while Compost increased production at the lower rate of applied
Phosphorus the trend was for it to reduce production at higher rates of applied Phosphorus
(P =0.017; Table 1.153).
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Table 1.153. Total plant weight of lettuce at 21 days (t/ha)

Treatment Phosphorus application kg/ha

0 25 755 125 175
Control 1.16 4.16 7.33 9.38 9.70
Compost 30 m* 2.56 5.90 8.00 9.02 9.47
Compost 60 m’ 4.10 6.06 8.48 9.41 9.06

Isd 5% Control vs Composts 1.07

Compost Av B 0.88

Controls between Phosphorus 1.25

Compost between Phosphorus 0.89

Plant analysis at 21 days

Nitrogen content of whole plant

Nitrogen content increased with rate of applied Phosphorus and there was an interaction
between rate of compost and applied Phosphorus (P = 0.003). The quadratic response of
plant Nitrogen content to applied Phosphorus was different for each rate of Compost

(P = 0.002; Table 1.154). This table implies that 60 m> of compost reduced plant content of
Nitrogen at higher levels of applied Phosphorus. While the exponential regression of plant
Nitrogen content against level of soil Bicarbonate Phosphorus at planting was significant

(P < 0.001) it could not be grouped for Compost rate or type and accounted for only 40 per
cent of the observed variance.

Table 1.154. Nitrogen content of lettuce at 21 days (% db)

Treatment Phosphorus application kg/ha

0 25 75 125 175
Control 3.90 4.56 4.97 4.85 5.06
Compost 30 m® 4.27 4.92 4.92 5.04 4.82
Compost 60 m® 4.64 4.88 4.85 4.66 4.88

Isd 5% Control vs Composts 0.37

Compost 30 v 60 0.31

Controls between Phosphorus 0.36

Compost between Phosphorus 0.26

Phosphorus content of whole plant

Plant Phosphorus content increased with applied Phosphorus and there was an interaction
between Compost rate and applied Compost. The linear response of plant Phosphorus
content to applied Phosphorus was different for each rate of Compost (P = 0.021;

Table 1.155).
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Table 1.155. Phopshorus content of lettuce at 21 days (% db)

Phosphorus application kg/ha
Treatment
0 25 75 125 175
Control 0.14 0.34 0.46 0.58 0.64
Compost 30 m* | 0.24 0.40 0.51 0.62 0.61
Compost 60 m® | 031 0.42 0.54 0.57 0.62
Isd 5%  Control vs Composts 0.063
Compost 30 v 60 0.051
Controls between Phosphorus 0.064
Compost between Phosphorus 0.045

Potassium content of whole plant

Potassium content was high and reflected the 500 kg/ha of Potassium fertiliser applied.
There was an interaction between control, Compost treated plots and applied Phosphorus
(P < 0.001) and the quadratic response of Control and treated plots to applied Phosphorus
was different (P = < 0.001; Table 156).

Table 1.156. Potassium content of lettuce at 21 days (% db)

Phosphorus application kg/ha
Treatment

0 25 75 125 175
Control 5.05 6.19 6.77 6.51 6.48
Compost 6.36 6.74 6.77 6.66 6.83

Isd 5% Control vs Compost 0.43

Controls between Phosphorus 0.49

Compost between Phosphorus 0.25

Soil analysis at planting

Plant available phosphorus at planting

While there were significant differences between treatments within the main plot stratum and
the linear relationship of Control and Compost treated plots to applied Phosphorus was
different (P = 0.045) variation and analytical error meant that individual treatments could not
be verified statistically (Table 1.157).
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Table 1.157. Bicarbonate P Content of soil at seeding (mg/kg db)

Phosphorus application kg/ha
Treatment
0 25 75 125 175
Control 9.5 31.8 63.8 118.3 170.0
Compost A 30 m® 24.5 43.5 70.5 105.0 137.5
Compost A 60 m® 36.2 58.2 85.0 110.3 190.0
Compost B 30 m® 22.0 47.2 110.0 99.3 140.0
Compost B 60 m® 36.2 59.0 91.0 130.0 167.5

Relationships of plant available bicarbonate phosphorus

Total weight of plant produced

The relationship of soil Bicarbonate Phosphorus at planting and total plant weight at 21 days
was described by exponential curves fitted to the plot data and grouped for compost type

(P = 0.031; Figure 1.21). The relationships accounted for 81 per cent of the observed
variance and were described by the functions:

Control =10.07 — 11.81 (0.97572)APhosphorus
Compost A =990-11.81 (0'97572)/\Phosphorus
Compost B = 9.31 — 11.81 (0_97572)/\Phosphorus
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Figure 1.21. Relationship of total plant weight at 21 days and Soil Bic P at planting. = Control;

e Compost A; A Compost B.

Compost B produced lower plant weight relative to soil Bicarbonate Phosphorus content than
Control and Compost A treated plots. This was consistent with production data shown in
Tables 1.149 and confirmed the reduced growth recorded for Compost B was caused by a
factor other than lower plant available Phosphorus.
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Plant phosphorus content

The exponential relationship of soil Bicarbonate Phosphorus and Phosphorus content of
plant accounted for 86.1 per cent of the observed variance and could not be grouped for
Compost type or rate (P < 0.001; Figure 1.22). The relationship was described by the
function:

% P Content = 0.6397 — 0.6345 (0_97906)/\Soil Bic P

—
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Figure 1.22. Response of plant phosphorus to soil bicarbonate phosphorus content at planting.

= Control; e Compost 30 m®; A Compost 60 m°.
Final harvest 40 days

Fresh weight

Within the main plot stratum the weight of lettuce harvested increased with rate of Compost
(P =0.013; Table 1.158).

Table 1.158. Total weight of lettuce at 40 days (t/ha)

Treatment Lettuce
Control 53.65a"
Compost 30 m* 61.68b
Compost 60 m® 65.49¢c

* Values followed by a different subscript are different (P < 0.05).

The quadratic response of total weight of lettuce harvested to applied Phosphorus was
different for different rates of Compost (P = 0.013; Table 1.159) and there was an interaction
between applied Phosphorus and Compost rate (P < 0.001). Compost was supplying plant
available Phosphorus and yield increased at the lower rates of applied Phosphorus.
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Table 1.159. Total weight of Lettuce at 40 days (t/ha)

Treatment Phosphorus application kg/ha
0 25 75 125 175
Control 5.56 42.53 71.23 72.56 76.38
Compost 30 m? 27.55 59.82 72.23 73.51 75.31
Compost 60 m® 40.75 59.30 73.97 77.27 76.13
Isd 5% Control vs Composts 5.54
Compost 30 v 60 452
Controls between Phosphorus 5.83
Compost between Phosphorus 412

An exponential curve fitted to the plot data for Total Plant Weight accounted for 90.9 per cent
of the variance (P < 0.001; Figure 1.23).

The rate of applied Phosphorus to achieve 99% of maximum yield was 129.3 kg/ha for the
control, 117.25 kg/ha for 30 m* of compost and 109.9 kg/ha for 60 m®. This smaller
difference is a reflection of the soil content of bicarbonate extractable Phosphorus in the
majority of plots approaching levels at which lettuce where no longer responsive to applied
Phosphorus (McPharlin et al. 1996).
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Figure 1.23. Response of total plant weight to applied phosphorus and rate of compost.

Weight of processed head

With the exception of the 2 lowest rates of applied Phosphorus the percentage head
recovered was similar within rates of applied Phosphorus and relationships between
treatments established for Total Weight were maintained for Weight of Processed Head
(Table 1.160).
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Table 1.160. Weight of processed head at 40 days (t/ha)

Treatment Phosphorus application kg/ha
0 25 75 125 175
Control 0.0 20.24 36.44 39.36 40.64
Compost 30 m® 10.62 31.43 38.91 39.73 39.62
Compost 60 m® | 17.68 30.31 39.14 40.42 40.58
Isd 5% Control vs Composts 4.05
Compost 30 v 60 3.30
Controls between Phosphorus 4.40
Compost between Phosphorus 3.1

Nitrogen content of whole plant

Nitrogen content was similar for all treatments and the trend for 60 m* of Compost to reduce
Nitrogen levels was no longer evident (Table 1.161).

Table 1.161. Nitrogen content of whole lettuce at 40 days (% db)

Phosphorus application kg/ha
Treatment
0 25 75 125 175
Control 4.03 4.34 4.44 4.34 4.35
Compost 30 m® 4.42 4.36 4.38 4.24 4.48
Compost 60 m® 4.42 4.53 4.47 4.31 4..41

Phosphorus content of whole plant

The linear response of plant Phosphorus content with applied Phosphorus was different for
each rate of Compost (P = 0.018; Table 1.162) and there was an interaction between applied
Phosphorus and Compost rate (P = 0.026). This was a reflection of the Phosphorus being
supplied by Compost.

Table 1.162. Phosphorus content of whole lettuce at 40 days (% db)

Treatment Phosphorus application kg/ha
0 25 75 125 175
Control 0.220 0.365 0.548 0.668 0.668
Compost 30 m® 0.416 0.471 0.549 0.664 0.716
Compost 60 m® | 0.448 0.506 0.620 0.649 0.688
Isd 5% Control vs Composts 0.073
Compost 30 v 60 0.059
Controls between Phosphorus 0.066
Compost between Phosphorus 0.047
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Potassium content of whole plant

While the high level of Potassium fertiliser used removed major treatment differences
expected from the Potassium supplied by Compost the quadratic response of plant
Potassium content to applied Potassium was different for Control and the average of
Compost treated plots (P = 0.049; Table 1.163).

Table 1.163. Potassium content of whole lettuce at 40 days (% db)

Nitrogen application kg/ha
Treatment
0 180 290 405 515
Control 5.62 6.07 6.32 6.14 5.78
Compost 6.58 6.66 6.68 6.23 6.34
Isd 5% Control vs Compost ns
Isd 5% Control between N levels 0.61
Isd 5% Compost between N levels 0.31

The higher plant weight (Table 1.159) and higher concentrations of Nitrogen Phosphorus and
Potassium in Compost treated plots (Tables 1.161-1.163) meant higher plant uptake of
these minerals were recorded for compost treated plots.

Soil analysis at harvest

Plant uptake reduced soil content of Bicarbonate Phosphorus and while within the main plot
stratum there were differences between main plots (P = 0.045; Table 1.164) experimental
and analytical error and natural variation meant no treatment differences beyond this were
recorded.

Table 1.164. Soil content of Bic P at harvest (% db)

Compost
Treatment 3 3
Nil 30 m 60 m
Control 43.8a*
Compost A 62.7bc 65.7cd
Compost B 55.7b 72.8d

*

Values followed by a common subscript are not different (P > 0.05).

The relationship of Soil Bicarbonate Phosphorus at planting and Total Plant Weight at
harvest was described by an exponential curve (P < 0.001; Figure 1.24) which accounted for
87.5 per cent of the observed variance. Data could not be grouped for Compost rate or type
and the growth depression seen in Compost treated plots at 21 days had disappeared. The
Total Weight of Plants harvested at 40 days was described by the function:

Plant Weight = 79.96 — 104.69* (0.96507)A5" 8P
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Figure 1.24. The relationship of total weight of lettuce harvested at 40 days and Soil Bicarbonate P at
harvest.

Analysis of youngest fully mature wrapper leaf at harvest

YFML analysis is given in Table 1.165. While Copper levels were low, they were consistent
with levels recorded on adjacent sites and were not considered critically deficient. Compost
reduced Manganese.

Table 1.165. Analysis of lettuce wrapper leaf at harvest
Analyt Control Compost 5% Isd Normal range*
% db
Phosphorus 0.44 0.49 0.04 0.55-0.65
Potassium 6.2 6.9 0.25 5.5-6.0
Sodium 0.5-1.0
Calcium 1.08 1.14 ns 1.4-2.0
Magnesium 0.30 0.29 ns 0.3-0.7
Sulphur 0.29 0.28 ns 0.3-0.32
mg/kg
Boron 28 27 ns 25-55
Copper 6.7 6.1 ns 10-18
Iron 1212 1196 ns 50-500
Manganese 90 55 11 50-300
Zinc 60 44 8 30-100

* Reuter, D.J. and Robinson, J.B. Plant Analysis second edition CSIRO Publishing 1997.
**  Some samples exceeded 3.0 per cent the limit of analysis.
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Growing conditions

Ideal summer growth conditions were experienced and irrigation met recommendations
(Figure 1.25).
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Figure 1.25. Weather conditions lettuce Crop 2.

Leaching

All plots measured leached a similar amount of water and 177 mm (44.9%) of the 375 mm of
irrigation and 19 mm of rain was caught in the lysimeters. Apparent crop use, irrigation plus
rain minus leaching, was 217 mm or 64 per cent of evaporation.

No soluble reactive Phosphorus (< 0.01 mg/L) was recorded and only a few of the samples
contained detectable levels of total Phosphorus (> 0.1 mg/L).

Discussion

Phosphorus in Compost amended soil measured as Bicarbonate extractable Phosphorus
was available for plant growth and gave equivalent plant growth to Bic P measured in Super
Phosphate amended soil.

The growth depression seen at 21 days was attributed to the quality of the Compost applied
competing for nitrogen in the early stages of growth. This effect had disappeared by harvest
and Compost had no effect on growth independent of the supply of plant available
Phosphorus.
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Carrots - Crop 3

The compost treatments were applied and incorporated into the soil one week prior to
seeding Carrots, variety Stefano, on 15 February 2002. No additional Phosphorus was
applied and sub plot treatments were based on the residual from the previous 2 inorganic P
applications.

Treatment Compost rates m’/ha Phosphorus rate kg N/ha
Control Nil P1 Nil
A1/B1 30 P2 Nil
A2/B2 60 P3 Nil

P4 Nil
P5 Nil

In addition all plots received a total of 340 kg of Nitrogen, 306 kg of Potassium, 15 kg of
Magnesium and 1.5 kg Boron applied each week through the sprinkler system as a
percentage of the total applied proportional to growth. The carrots were harvested at
143 days on 25 June 2002. An intermediate harvest weight was recorded at 62 days on
18 April 2002.

Compost quality

Compost A contained a low level of plant available Nitrogen (89 mg/L as nitrate), the
Nitrogen Draw Down index (0.44) and Toxicity (100) indicated it was relatively stable and the
C/N ratio was less than 20. Compost B, which had been compost A for Carrot — crop 2 in the
Nitrogen site, had composted further and its analysis had improved in respect to the criteria
we had established (Appendix 1.11 Compost 4A and 2B(2)).

Carbon Nitrogen
Compost Nitrogen | Drawdown | Toxicity Ni-:-::)ta:-:-n NH4 + NO; N?;’(:‘IOH“
Ratio Index g
Critical value <20 >0.5 > 60 >1.0 > 100 >0.14
Compost 1A 19 0.44 100 1.6 89 >1.0
Compost B 21 0.54 81 1.6 <1.0 <0.1

Harvest at 62 days

Plant density

There was no difference between treatments for plant density and all plots averaged 61 plant

per square metre.

Carrot roots

Within the main plot stratum weight of carrot root increased with rate of applied Compost

(P =0.039; Table 1.166).

Table 1.166. Total weight of carrot root at 62 days (t/ha)
Treatment Carrot
Control 5.33a*
Compost 30 m® 6.95b
Compost 60 m® 8.05¢c

* Values followed by a different subscript are different (P < 0.05).
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There was a interaction between Compost treatment and previously applied Phosphorus and
the linear response of Control and Compost treated plots was different (P < 0.001;
Table 1.167).

Table 1.167. Weight of carrot root at 62 days (t/ha)
Treatment Previously applied phosphorus kg/ha
0 75 200 325 450
Control 0.52 3.42 7.92 7.53 7.24
Compost 572 7.12 7.84 8.66 8.15
Isd 5% Control vs Compost 1.97
Isd 5% Control between P levels 2.35
Isd 5% Compost between P levels 1.17

Weight of carrot top

There was a interaction between Compost treatment and previously applied Phosphorus and
the linear response of Weight of Top was different for Control and Compost treated plots
(P < 0.001; Table 1.168).

Table 1.168. Weight of top at 62 days (t/ha)
Treatment Previously applied phosphorus kg/ha
0 75 200 325 450
Control 0.91 3.80 6.33 6.77 6.30
Compost 576 6.57 7.04 7.57 7.18
Isd 5% Control vs Compost 1.54
Isd 5% Control between P levels 1.65
Isd 5% Compost between P levels 0.82

Soil bicarbonate phosphorus at planting

Soil analysis at planting for Bicarbonate extractable Phosphorus was variable and treatments
could not be statistically verified beyond the main stratum effect of rate of Compost applied
(P < 0.001) and a different linear relationship for Control and Compost treated plots and
previously applied Phosphorus (P = 0.061). Treatment averages are given in Table 1.169.

Table 1.169. Bicarbonate P content of soil at seeding (mg/kg db)
Treatment Previous applied phosphorus kg/ha

0 75 200 325 450
Control 9.5 21.0 39.2 57.2 74.0
Compost A 30 m® 35.0 45.2 69.2 94.5 105.2
Compost A 60 m® 49.2 67.0 92.2 110.2 125.0
Compost B 30 m® 29.5 43.0 61.8 84.2 105.0
Compost B 60 m® 50.2 60.0 86.2 109.5 125.0

104




Section 1 - Fertiliser Replacement Trials — Western Australia
Results — P replacement trials

Relationship of soil BIC P and total plant weight at 62 days

The relationship of the plot data for Total Plant Weight to soil Bic P at planting was described
by an exponential curve with the function; Total Plant Weight = 16.28 — 19.81*(0.96325)A8°°P
(P < 0.001) that accounted for only 47 per cent of the variance. The data could not be
grouped for Compost rate or type. Most plots had sufficient Phosphorus to achieve
maximum growth and variation between plots was caused by other factors.

Harvest at 143 days

Total weight of roots

Within the main plot stratum there was a significant effect of compost (P < 0.001) and
compost rate (P = 0.003) on total weight of carrot produced. There was an interaction
between applied Phosphorus and Compost Treatment (P < 0.001) and the response of Total
Root Weight to the total amount of previously applied Phosphorus was different for Control
and Compost treated plots (P < 0.001; Table 1.170).

Table 1.170. Weight of carrot root at 143 days (t/ha)
Treatment Previously applied phosphorus kg/ha
0 75 200 325 450
Control 29.6 63.5 66.2 78.6 70.8
Compost 68.6 68.8 72.5 71.7 72.5
Isd 5% Control vs Compost 9.0
Isd 5% Control between P levels 1.4
Isd 5% Compost between P levels 5.7

Carrots marketable as Grade A, B

Compost reduced the number of forked carrots at higher rates of applied Phosphorus
(Table 1.172) and the Compost treated plots showed a different quadratic response to

applied Phosphorus for Market A,B carrots (P = 0.001; Table 1.171).

Table 1.171. Weight of Market A,B carrots at 143 days (t/ha)
Treatment Previously applied Phosphorus kg/ha

0 75 200 325 450

Control 17.6 54.1 50.7 57.5 45.9

Compost 56.9 57.3 56.8 55.8 55.7
Isd 5% Control vs Compost 13.0
Isd 5% Control between P levels 15.8
Isd 5% Compost between P levels 7.9
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Table 1.172. % Forked roots at 143 days

Previously applied Phosphorus kg/ha
Treatment
0 75 200 325 450

Control 1.54 1.96 3.88 11.49 19.24

Compost 6.03 5.21 8.06 9.31 9.90
Isd 5%  Control vs Compost 8.8
Isd 5%  Control between P levels 9.0
Isd 5%  Compost between P levels 4.5

An exponential curve fitted to treatment means grouped for rate of applied Compost gave a
probability of P < 0.001 and accounted for 96.2 per cent of the variance (Figure 1.26).
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Figure 1.26. Response of carrot weight to applied Phosphorus and rate of compost.

The rate of previously applied Phosphorus that achieved 99 per cent of maximum yield was
181 kg/ha for the control, 53.3 kg/ha for 30 m® of compost and 82.0 kg/ha for 60 m®>.

An exponential curve fitted to treatment means of weight of carrots harvested and
bicarbonate extractable P of soil at sowing for both carrot crops had a probability of
P < 0.001 and accounted for 94.3 per cent of the variation (Figure 1.27).

Ninety nine per cent of maximum yield was achieved at a soil Bic P analysis of 66 mg/kg for
the first carrot crop and 64 for the second. This is consistent with industry recommendations
(McPharlin et al. 1997) and confirms that Bic P analysis of soil to which compost has been
applied can be used to determine crop fertilise Phosphorus requirement (Figure 1.27).
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Figure 1.27. Relationship of weight of carrot harvested and bicarbonate extractable Phosphorus at

sowing.

A linear relationship existed between soil Bic P, total applied fertiliser P and rate of applied
compost (Figure 1.28). This relationship can be used to confirm that 100 kg of Phosphorus
applied in compost increases soil Bic P by an amount equivalent to the application of 40 kg
of inorganic P applied as single super phosphate.
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Figure 1.28. Relationship of soil bicarbonate phosphorus, total applied phosphorus fertiliser and rate

of compost applied.

Weight of carrot top

Within the main plot stratum Top Weight increased with rate of Compost applied (P < 0.001;
Table 1.173). There was an interaction between previously applied Phosphorus (P < 0.001)
and Compost treatment and the linear and quadratic response of Top Weight to previously
applied Phosphorus was different for Control and the average of the Compost treated plots
(P =0.025; Table 1.174).
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Table 1.173. Weight of carrot top at 143 days (t/ha)
Treatment Carrot
Control 14.4a*
Compost 30 m® 16.8b
Compost 60 m® | 20.0c

* Values followed by a different subscript are different (P < 0.05).

Table 1.174. Weight of carrot top at 143 days (t/ha)
Treatment Previously applied Phosphorus kg/ha
0 75 200 325 450
Control 7.3 14.4 14.2 18.3 17.7
Compost 17.7 17.4 18.7 19.1 19.2
Isd 5% Control vs Compost 2.75
Isd 5% Control between P levels 3.14
Isd 5% Compost between P levels 2.48

The trend was for Compost to produce more Top Weight even at higher rates of applied
Phosphorus.

Nitrogen phosphorus and potassium content at harvest

Leaf nitrogen

While there were no difference in the main plot stratum the linear response of Nitrogen
content to previously applied Phosphorus was different (P = 0.019; Table 1.175) for Control
and the average of Compost treated plots.

Table 1.175. Nitrogen content of leaf (% db)
Previously applied Phosphorus kg/ha
Treatment
0 75 200 325 450
Control 2.70 2.33 2.26 2.29 2.25
Compost 2.35 2.32 2.32 2.34 2.37

The trend was for plants from Compost treated plots to have higher levels of Nitrogen.

Root nitrogen

On average roots from Compost treated plots contained more Nitrogen (1.92%) than plants
grown in Control Plots (1.72% db, P = 0.004). The linear response of root Nitrogen content
for Control and the average of Compost treated plots was different (P = 0.003; Table 1.176).

108



Section 1 - Fertiliser Replacement Trials — Western Australia
Results — P replacement trials

Table 1.176. Nitrogen content of root (% db)
Previously applied Phosphorus kg/ha
Treatment
0 75 200 325 450
Control 1.42 1.60 1.75 1.88 1.95
Compost 1.78 1.89 1.96 1.99 2.00
Leaf phosphorus

On average Phosphorus content of carrots from Compost treated plots (0.225% db) was
higher than Control (0.202%), (P = 0.005) and there was a linear response of leaf
Phosphorus content to previously applied Phosphorus (P < 0.001; Table 1.177). No other
differences were significant.

Table 1.177. Phosphorus content of shoot (% db)
Previously applied Phosphorus kg/ha
Treatment
0 75 200 325 450
Carrot Top 0.21 0.20 0.21 0.23 0.25
Root phosphorus

Within the main plot stratum Phosphorus content of root increased with rate of applied
Compost (P = 0.009; Table 1.178).

Table 1.178. Phosphorus content of root at 143 days (% db)
Treatment Carrot
Control 0.305a*
Compost 30 m* 0.350b
Compost 60 m® 0.381c

*

Values followed by a different subscript are different (P < 0.05).

There was an interaction between previously applied Phosphorus and Compost treatment
(P < 0.001) and the linear response of Phosphorus content of root to previously applied
Phosphorus was different of Control and the average of the Compost treated plots

(P <0.001; Table 1.179).

Table 1.179. Phosphorus content of root at 143 days (% db)
Treatment Previously applied Phosphorus kg/ha
0 75 200 325 450
Control 0.202 0.252 0.290 0.368 0.412
Compost 0.313 0.326 0.365 0.396 0.429
Isd 5% Control vs Compost 0.036
Isd 5% Control between P levels 0.040
Isd 5% Compost between P levels 0.020
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The higher Phosphorus content of leaf and root in plants grown in compost treated plots
indicates a higher level of available Phosphorus in these plots.

Leaf potassium

The linear response of Potassium content of carrot leaf to previously applied Phosphorus
was different for Control and Compost treated plots (P = 0.003; Table 1.180) and there was
an interaction between applied Phosphorus and Compost treatment (P = 0.01).

Table 1.180. Potassium content of leaf at 143 days (% db)
Treatment Previously applied Phosphorus kg/ha
0 75 200 325 450
Control 5.09 4.22 3.92 3.44 3.73
Compost 4.13 3.97 3.94 4.04 3.95
Isd 5% Control vs Compost 0.60
Isd 5% Control between P levels 0.78
Isd 5% Compost between P levels 0.39
Root potassium

Similarly the linear response of Potassium content of carrot root to previously applied
Phosphorus was different for Control and Compost treated plots (P < 0.001; Table 1.181)
and there was an interaction between applied Phosphorus and Compost treatment

(P <0.001).

Table 1.181. Potassium content of root at 143 days (% db)
Treatment Previously applied Phosphorus kg/ha
0 75 200 325 450
Control 3.03 2.77 2.68 2.50 242
Compost 2.80 2.87 2.90 2.83 2.83
Isd 5% Control vs Compost 0.20
Isd 5% Control between P levels 0.25
Isd 5% Compost between P levels 0.13

The Potassium content of carrot leaf and shoot was increased by compost.

It is clear that the differences in N, P and K content were the result of better Phosphorus
status of plots treated with compost and the better growth and nutrient status of plants grown
in these plots would record higher uptakes.

Relationship to soil bicarbonate phosphorus

The relationship of soil Bicarbonate Phosphorus, Total Plant Weight and rate of applied
Phosphorus was described by an exponential curve fitted to the plot data and grouped for
rate of Compost applied. The site had become variable and the regression accounted for
only 46.9 per cent of the observed variance but did suggest compost at the high rate of
application increased growth beyond its effect on soil Bicarbonate Phosphorus (Figure 1.29).
The total weight of plant produced was described by the functions:
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Figure 1.29. Relationship of soil bicarbonate phosphorus, total plant weight and rate of applied

compost.

Analysis of youngest fully mature leaf at harvest

YFML analysis is given in Table 1.1182. Phosphorus content of treated plots was slightly
higher. Compost reduced Manganese and Zinc concentrations.

Table 1.182. Analysis of carrot YFML at harvest
Analyt Control Compost 5% Isd Normal range*
% db
Phosphorus 0.23 0.26 0.01 0.3-0.4
Potassium 4.2 4.1 Ns 1.3-1.5
Sodium 1.57 1.62 Ns 0.7-4.5
Calcium 1.21 1.30 Ns 1.8-2
Magnesium 0.23 0.23 Ns 0.35-0.40
Sulphur 0.32 0.30 0.02 0.3-0.6
mg/kg
Boron 33 31 1.1 29-35
Copper 5.3 4.0 Ns 5-7
Iron 319 361 Ns 120-350
Manganese 61 29 5 190-350
Zinc 27 20 2.0 20-50

* Reuter, D.J. and Robinson, J.B. Plant Analysis second edition CSIRO Publishing 1997.
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Growing conditions

Growing conditions were typical of late summer and irrigation was managed to meet
recommendations (Figure 1.30).
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Figure 1.30. Crop conditions carrots crop 3.
Discussion

The trial confirmed that 100 kg of Total Phosphorus supplied by compost was equivalent to
40 kg of Phosphorus supplied by single superphosphate. Plots which had received the high
rate of Compost showed increased growth beyond the additional growth explained by higher
soil Bicarbonate Phosphate. The higher nitrogen content in these plots (Table 1.171 and
172) and better top growth (Table 1.170) indicate that the additional growth was caused by
better nitrogen nutrition. Plots which had received high applications of inorganic Phosphorus
recorded an increased incidence of forked carrots (Table 1.172).

Conclusions - phosphorus site

The standard bicarbonate soil test widely used in Western Australia to determine crop
phosphorus requirements can be used in compost amended sandy soils of the Swan Coastal
Plain (Figures 1.18, 1.21 and 1.27).

The trials have also indicated that from the initial compost application, 40% of the
phosphorus contained in compost can replace an equivalent amount of inorganic phosphorus
supplied as single superphosphate (Figure 1.28). Therefore with continued use of compost,
plant requirements based on standard soil testing procedures will account for changing total
soil phosphorus status and reliably predict additional crop requirements.
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Results — potassium replacement trial site

Lettuce - Crop 1

The following compost treatments were applied and incorporated into the soil together with
an application of 360 kg per hectare of Phosphorus and trace minerals one week prior to
transplanting lettuce, variety magnum, on 20 September 2001.

Treatment Compost rates m’/ha Potassium rate kg N/ha
Control Nil K1 Nil
A1 30 K2 150

A2 60 K3 250

B1 30 K4 350

B2 60 K5 450

The potassium was applied as the nitrate weekly by watering can together with a total of

450 kg/ha of nitrogen. Week 1, 8 per cent; week 2, 17 per cent; week 3, 17 per cent; week
4, 16 per cent; week 5, 16 per cent; week 6, 14 per cent and week 7, 12 per cent of the total
applied. The lettuce was harvested at 56 days on 15 November. Intermediate growth was
recorded on 12 October at 22 days.

Compost quality

The fresh compost supplied was coarse and woody and met few of the criteria considered
necessary to record a positive crop response. The chemical analysis of compost B had
changed very little during the 12 week period it had been kept moist and turned twice
(Appendix 1.1, Compost 2A and B1).

Compost hﬁ?r?;enn DNr:\:.vc::lgo?l:I‘.n Toxicity Ni-{::)t;:an NH4 + NO; N?;i:i”“
Ratio Index
Critical value <20 >0.5 > 60 >1.0 > 100 >0.14
Compost 1A 31 0.34 98 1.3 23 >1.0
Compost B 28 0.26 95 1.4 <1.0 <0.1

Harvest at 22 Days

Fresh weight

Within the main plot stratum plots treated with compost recorded higher fresh (4.0 tonne/ha)
weight than Control plots (3.7 tonne). The linear response of fresh weight to applied
Potassium was different for Compost Type (P = 0.039; Table 1.178).
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Table 1.178. Fresh weight of lettuce at 22 days (tonne/ha)

Treatment Potassium application kg/ha

0 38 62 90 112
Control 3.34 3.66 3.61 3.66 4.23
Compost A 3.92 4.11 4.07 4.26 3.89
Compost B 3.59 3.87 3.95 4.09 4.22

Isd 5% Control vs Composts 0.49

Compost Av B 0.40

Controls between K Levels 0.58

Compost between K Levels 0.41

The trend was for Compost treated plots to record higher fresh weight at the lower rates of
applied Potassium. This indicated Compost was supplying plant available Potassium.

Plant analysis
Nitrogen content

Within main plots plants from Compost A treated plots had lower Nitrogen content (P = 0.03;
Table 1.179) than plants grown in Control and Compost B treated plots.

Table 1.179. Nitrogen content of Lettuce at 22 days (% db)

Treatment Carrot
Control 5.819a*
Compost A 5.628b
Compost B . 5.717a

*

Values followed by a common subscript are not different (P > 0.05).

While the trend was for Nitrogen content to decrease with increasing level of applied
Potassium (P < 0.001), the trend for plants from Compost A treated plots to record lower
concentrations of Nitrogen than plants from Compost B and Control plots suggests Compost
A reduced plant available Nitrogen (P = 0.063; Table 1.180).

Table 1.180. Nitrogen content of lettuce at 22 days (% db)

Treatment Potassium application kg/ha

0 38 62 90 112
Control 5.93 6.01 5.74 572 5.71
Compost A 5.82 5.58 5.57 5.65 5.51
Compost B 6.02 575 5.74 5.58 5.50

Isd 5% Control vs Composts 0.257

Compost Av B 0.210

Controls between K Levels 0.312

Compost between K Levels 0.221
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Phosphorus

Plant Phosphorus content averaged 0.618% db and there was no effect of treatment.

Potassium

Within the main plot stratum plant content of Potassium increased with rate of Compost
applied (P = 0.002; Table 1.181).

Table 1.181. Potassium content of Lettuce at 22 days (% db)
Treatment Lettuce
Control 4.363a*
Compost 30 m* 5.195b
Compost 60 m® 5.616¢

*

Values followed by a different subscript are different (P < 0.05).

There was an interaction between applied Potassium and Compost for plant content of
Potassium (P = 0.013) and the linear response of plant Potassium content to applied
Potassium was different for Control and Compost treated plots and Compost increased plant
Potassium content. (P = 0.002; Table 1.181).

Table 1.181. Potassium content of Lettuce at 22 days (% db)

Applied Potassium kg/ha
Treatment

0 38 62 90 112
Control 2.59 4.19 4.65 5.08 5.30
Compost 4.30 5.28 5.50 5.81 6.13

Isd 5% Control vs Compost 0.45

Control between K levels 0.54

Compost between K levels 0.27

Harvest at 56 Days

Analysis of variance showed compost (P < 0.001) and compost rate (P < 0.003) increased
the total weight of lettuce harvested and there was a significant interaction between Rate of
Compost and applied Potassium (P < 0.001; Table 1.182). The response of Fresh Weight to
applied Potassium was different for each rate of Compost (P < 0.001).

Table 1.182. Fresh weight of lettuce at 56 days (tonne/ha)

Potassium application kg/ha
Treatment
0 150 250 350 450

Control 34.47 67.90 72.08 78.37 82.30
Compost 30 m* 54.37 73.80 79.01 80.57 83.35
Compost 60 m° 66.40 74.87 79.94 83.34 81.02

Isd 5% Control vs Composts 4.53

Compost 30 m® v 60 m® 3.70

Controls between K Levels 5.34

Compost between K Levels 3.78
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An exponential curve fitted to the plot data and grouped for rate of applied Compost had a
probability of < 0.001 and accounted for 88.3 per cent of the observed variance (Figure 1.31).
The weight of fresh lettuce harvested was described by the functions:

Control = 83.63 — 48.80 (0.9933)P0tassfum
30m° = 84.40-29.91(0.9933) 2™
60 m3 = 8288 —16.93 (0.9933)P0ta33|um

The amount of applied Potassium required to achieve 95 per cent of the maximum yield was
368 kg/ha for the control, 293 kg for plots which had received 30 m® of compost (75 kg less)
and 211 kg for 60 m® (157 kg less). It was calculated that on average 30 cubic metre of
Compost applied approximately 63 kg of Potassium. The K in compost was therefore freely
available and compost has a sparing effect on applied K of about 15-20 per cent, i.e. 100 kg
of K applied, as compost is equivalent to 115 kg of K applied as fertiliser.
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Figure 1.31. Lettuce harvested (t/ha) in response to applied potassium.

Marketable head

Plants were harvested a little beyond optimum heart density and 66.6 per cent of the total
plant was recovered, as processed head. While percentage recovery increased with
increasing application of applied Potassium there was no other treatment effect and relative
differences between treatments shown in Figure 1.31 were maintained.

Plant analysis

Nitrogen
Plant nitrogen content average 3.6 per cent and there were no treatment effects.

Phosphorus

While Phosphorus content increased with application of Potassium there were no main plot
effects (Table 1.183).
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Table 1.183. Phosphorus content of lettuce at 56 days (% db)

Potassium application kg/ha
0 150 250 350 450
All treatments 0.654 0.686 0.728 0.706 0.736

Potassium

Plant Potassium content increased with applied Potassium and Compost Rate, there was an
interaction between Compost rate and applied Potassium and the linear response of plant
concentration of Potassium to applied Potassium was different for each rate of Compost

(P =0.008; Table 1.184).

Table 1.184. Potassium content of lettuce at 56 days (% db)

Treatment Potassium application kg/ha

0 150 250 350 450
Control 1.65 2.98 4.55 5.10 5.94
Compost 30 m* 1.46 2.84 4.75 5.79 6.30
Compost 60 m’ 2.10 3.86 5.08 5.85 6.36

Isd 5% Control vs Composts 0.62

Compost 30 m®v 60 m* 0.51

Controls between K Levels 0.66

Compost between K Levels 0.47

Plant uptake

Nitrogen

The better growth achieved by compost treated plots at low rates of applied Potassium
resulted in an interaction between Compost and applied Potassium (P = 0.004) and the
response of plant uptake of Nitrogen to applied Potassium was higher at low rates of applied
Potassium (P = 0.001; Table 1.185).

Table 1.185. Nitrogen uptake by lettuce at 56 days (kg/ha)

Potassium application kg/ha
Treatment
0 150 250 350 450

Control 71.6 124.1 133.7 142.3 139.8
Compost 30 m’ 114.8 132.2 139.0 140.4 143.2

Isd 5% Control vs Composts 19.0

Controls between K Levels 22.1

Compost between K Levels 111
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Phosphorus
A similar response was demonstrated for uptake of Phosphorus (P = 0.006; Table 1.186).

Table 1.186. Phosphorus uptake by lettuce at 56 days (kg/ha)

Treatment Potassium application kg/ha

0 150 250 350 450
Control 13.0 24.0 27.2 26.6 27.5
Compost 30 m® 214 25.3 274 27.8 28.9

Isd 5% Control vs Composts 3.5

Controls between K Levels 4.3

Compost between K Levels 2.2

Potassium

Within the main plot stratum plant uptake of Potassium increased with Compost rate
(P =10.009; Table 1.187).

Table 1.187. Potassium uptake by lettuce at 56 days (kg/ha)

Treatment Lettuce
Control 143.6a*
Compost 30 m® 159.4a
Compost 60 m* 179.6b

*

Values followed by a common subscript are not different (P > 0.05).

The linear response of plant uptake of Potassium to applied Potassium was different for each
rate of Compost (P = 0.031; Table 1.188).

Table 1.188. Potassium uptake by lettuce at 56 days (kg/ha)

Potassium application kg/ha
Treatment
0 150 250 350 450

Control 33.1 100.0 161.6 195.2 228.1
Compost 30 m® 45.3 103.9 176.7 225.2 246.0
Compost 60 m® 71.9 146.3 201.7 232.0 245.8

Isd 5% Control vs Composts 30.6

Compost 30 m® v 60 m® 25.0

Controls between K Levels 33.9

Compost between K Levels 23.9
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Analysis of youngest fully mature wrapper leaf at harvest

YFML analysis is given in Table 1.189. While Copper levels were low, they were consistent
with levels recorded on adjacent sites and were not considered critically deficient. Compost
reduced Manganese.

Table 1.189. Analysis of lettuce wrapper leaf at harvest
Analyt Control Compost 5% Isd Normal range*
% db
Phosphorus 0.732 0.714 ns 0.55-0.65
Potassium >4.0 >4.0 5.5-6.0
Sodium 1.08 0.94 0.07 0.5-1.0
Calcium 0.71 0.75 ns 1.4-2.0
Magnesium 0.229 0.309 ns 0.3-0.7
Sulphur 0.228 0.219 ns 0.3-0.32
Mg/kg
Boron 30.00 29.0 1.0 25-55
Copper 3.67 45 ns 10-18
Iron 512 473 ns 50-500
Manganese 81 65 7.2 50-300
Zinc 49 51 ns 30-100

* Reuter, D.J. and Robinson, J.B. Plant Analysis second edition CSIRO Publishing 1997.
** Most samples exceeded 4.0 per cent the limit of analysis.

Soil analysis at planting

Within the main plot stratum soil Bicarbonate extractable Potassium increased with Compost
rate (P = 0.004; Table 1.190).

Table 1.190. Potassium content of soil at planting (mg/kg db)

Treatment Carrot
Control 11.9a*
Compost 30 m* 41.8b
Compost 60 m® 59.3c

*  Values followed by a different subscript are different (P < 0.05).

Average Bicarbonate extractable Potassium content of the 4 replicate plots of each treatment
is given in table 1.191. While some treatments showed significant variation within main plots
(5% LSD = 16.3) differences between main plots were relatively consistent (5% LSD = 20.4)
with compost application increasing soil Potassium.
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Table 1.191. Bicarbonate K content of soil at planting (mg/kg db)

Treat ¢ Phosphorus application kg/ha
reatmen

0 150 250 350 450
Control 12.0 13.0 11.7 11.7 11.2
Compost A 30 m* 37.0 44.8 51.8 44.7 50.8
Compost A 60 m® 75.2 73.0 45.7 70.5 79.0
Compost B 30 m® 38.8 40.3 30.0 41.0 39.2
Compost B 60 m® 62.5 50.2 50.5 43.0 43.0

Soil analysis at harvest

Analysis of soil Bicarbonate Potassium at harvest showed that Potassium not absorbed by
the plant was readily leached and while residual Potassium was still present at high rates of
applied Potassium differences between the average of main plots were small (Tables 1.192
and 1.193).

Table 1.192. Potassium content of soil at harvest (mg/kg db)

Treatment Carrot
Control 24 8a*
Compost 30 m® 24 .5a
Compost 60 m® 27.8b

*  Values followed by a similar subscript are not different (P > 0.05).

Table 1.193. Bicarbonate K content of soil at harvest (mg/kg db)

Potassium application kg/ha
0 150 250 350 450
Treatments 9.9a* 17.8b 26.3c 34.9d 40.6e

* Values followed by a similar subscript are not different (P > 0.05).

Growing conditions

Conditions were typical of spring and irrigation met recommendations.
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Figure 1.32 Growing conditions Crop 1 — Lettuce.
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Discussion

Results showed that Potassium supplied by the application of Compost is freely available to
plants and compost has a sparing effect on Potassium supplied as the nitrate. The
concentration and plant uptake of Potassium increased with increased application of
Potassium.

Despite the high rate of Nitrogen used the poor quality of Compost A lowered plant nitrogen
concentration a 22 days (Tables 1.179 and 1.180). This was not evident at harvest.

Compost is a good source of Potassium and 100 kg of Potassium supplied by Compost will
substitute for 115-120 kg of Potassium supplied as the nitrate.

Carrot - Crop 2

The following compost treatments were applied and incorporated into the soil together with
an application of 200 kg per hectare of Phosphorus and trace minerals one week prior
seeding carrots, variety Stefano, on 17 December 2001.

Treatment Compost rates m*/ha Potassium rate kg N/ha
Control Nil K1 Nil
A1 30 K2 50

A2 60 K3 75

B1 30 K4 125

B2 60 K5 225

The potassium was applied as the nitrate by watering can weekly as a percentage of the total
applied in proportion to growth together with a total of 320 kg/ha of nitrogen, 22 kg/ha
Magnesium and 1.5 kg/ha of Boron. The carrots were harvested at 114 days on 10 April
2002. Root and top growth was recorded on 15 February at 60 days.

Compost quality

Compost A had a C/N ratio of 19, low toxicity but contained no plant available nitrogen.
Compost B was a coarse woody batch originally used for the carrot — crop 2 in the Nitrogen
and had been matured further. While its C/N ratio had improved from 31 to 25 it still failed to
meet the required standards (Appendix 1.11 Compost 3A and 2B). The compost used were
the same batches as used for the second trial in the Phosphorus site (Lettuce).

Carbon Nitrogen
Compost Nitrogen | Drawdown | Toxicity Ni-{r%talen NH, + NO; N?;::‘:)H“
Ratio Index g
Critical value <20 >0.5 > 60 >1.0 >100 >0.14
Compost 3A 19 0.30 86 1.7 <1.0 <01
Compost 2B 25 0.29 90 1.3 <1.0 <0.1
Results

Soil analysis at planting

The incorporation of crop residues and application of Compost dramatically increased
Bicarbonate extractable Potassium concentration in the soil at planting. Within the main plot
stratum soil Potassium increased with Compost Rate (P < 0.001; Table 1.194).
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Table 1.194. Potassium content of soil at planting (mg/kg db)

Treatment Carrot
Control 35.6a*
Compost 30 m® 89.1b
Compost 60 m® | 133.3c

*

Values followed by a different subscript are different (P < 0.05).

Values for soil Potassium content recorded within the same rate of Compost for each rate of
applied Potassium are shown in Table 1.195. Most treatment combinations recorded values
greater than 35 mg/kg, the soil level at which carrots became unresponsive to applied
Potassium.

Table 1.195. Concentration of Potassium (mg/kg % db) in soil at planting

Potassium kg/ha
Treatment
0 50 75 125 225
Control 15 30 36 45 52
30m® 67 98 86 94 100
60 m® 122 120 145 145 136

Harvest at 60 days

Density

Plant density averaged 84 plants per square metre. While this was higher than the planned
70 plants per square metre there were no treatment differences.

Total plant weight

Within the main plot stratum Compost treated plots produced less total plant weight

(16.9 tonne/ha) than Control (18.2 tonne) (P = 0.056). The linear response of Total Plant
Weight to applied Potassium was different for Compost type with Compost A showing lower
production at the higher rates of applied Potassium (P = 0.023; Table 1.196).

Table 1.196. Total plant weight of carrots at 60 days (tonne/ha)

Treatment Potassium application kg/ha

0 50 75 125 225
Control 19.7 17.9 16.3 18.4 18.8
Compost A 17.0 17.5 16.0 16.6 16.6
Compost B 16.1 16.4 16.0 18.3 18.9

Isd 5% Control vs Composts 29

Compost Av B 2.4

Controls between K Levels 3.4

Compost between K Levels 24

The lower Total Plant weight was the combination of a trend for compost to produce both
less top (P = 0.059) and less root (P = 0.069) growth.
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Harvest at 114 days

Harvest results were variable and the only plots to show less than maximum yield were
Control plots receiving less than 75 kg of applied Potassium.

Top growth

There were no difference within the main plot stratum but linear response of Weight of Top to
applied Potassium was different for Compost type (P = 0.023; Table 1.197). Compost A
produced more Top at the higher rates of Potassium application.

Table 1.197. Top weight of carrots at 114 days (tonne/ha)

Treatment Potassium application kg/ha

0 50 75 125 225
Control 16.6 16.3 174 16.6 17.6
Compost A 17.6 17.8 17.9 19.5 19.2
Compost B | 17.4 17.9 17.4 18.1 17.1

Isd 5% Control vs Composts 2.5

Compost Av B 21

Controls between K Levels 21

Compost between K Levels 1.5

Weight of root

There was an interaction between weight of root harvested, Compost rate and applied
Potassium (P = 0.037). The linear response of weight of root to applied Potassium was
different for Compost rate and reflected Control plots requiring the application of 75 kg/ha of
Potassium to achieve maximum yields (P = 0.004; Table 1.198).

Table 1.198. Weight of carrot root at 114 days (tonne/ha)

Treatment Potassium application kg/ha

0 50 75 125 225
Control 69.7 71.5 74.2 72.3 77.6
Compost 30 m® 73.3 75.2 75.8 77.9 78.2
Compost60m® |  78.4 75.8 75.0 78.6 73.3

Isd 5% Control vs Composts 7.7

Compost 30 m® v 60 m* 6.3

Controls between K Levels 6.2

Compost between K Levels 4.3

Market grade A,B carrots

On average Carrots grown in Compost treated plots produced more Grade A,B carrots
(49.4 tonne/ha) than Control plots (42.0 tonne) (P = 0.033). 42.8 per cent of carrots from
Control plots and 35.0 per cent from Compost treated plots failed to meet this export
standard (P = 0.008). Compost A recorded a lower level of rejection (P = 0.015;

Table 1.199).
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Table 1.199. % carrots not graded A,B

Treatment Carrot
Control 42.8a*
Compost A 32.0b
Compost B | 38.1a

* Values followed by a common subscript are not different (P > 0.05).

Plant analysis
Nitrogen content of carrot top

There was no treatment effect on the Nitrogen content of carrot top at harvest. Values were
within the normal range and averaged 1.97% db.

Phosphorus content of top

Within main plots plants from Compost treated plots recorded lower Phosphorus content
(0.32% db) than plants from Control plots (0.36%) (P < 0.001). Phosphorus content declined
with increased application of Potassium, there was an interaction between Compost and
applied Potassium and the linear response of Phosphorus content of top to applied
Potassium was different for compost type (P = 0.002; Table 1.200). The trend was for
compost B to give lower levels of Phosphorus at the higher rates of applied Potassium.

Table 1.200. Phosphorus content of carrot top at 114 days (% db)

Treatment Potassium application kg/ha

0 50 75 125 225
Control 0.43 0.36 0.38 0.32 0.32
Compost A 0.35 0.34 0.30 0.32 0.30
Compost B 0.37 0.36 0.30 0.29 0.26

Isd 5% Control vs Composts 0.037

CompostAvB 0.030

Controls between K Levels 0.038

Compost between K Levels 0.027

Potassium content of top

Within the main plot stratum Potassium content of top increased with Compost rate
(P =0.002; Table 1.201). Across all main plots Potassium content increased with rate of
applied Potassium (P < 0.001; Table 1.202).

Table 1.201. Potassium content of carrot top at 114 days (% db)
Treatment Carrot
Control 1.41a*
Compost 30 m® 1.57a
Compost 60 m® . 1.91b

*  Values followed by a common subscript are not different (P > 0.05).
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Table 1.202. Potassium content of carrot top at 114 days (% db)
Potassium application kg/ha
0 50 75 125 225
All treatments 0.85 1.26 1.48 2.00 2.79

Nitrogen content of carrot root

While there were no difference within the main plot stratum there was a significant interaction
between Compost and applied Potassium (P = 0.006; Table 1.203). There was a trend for
Compost to increased nitrogen content of roots at higher rates of applied Potassium.

Table 1.203. Nitrogen content of carrot root at 114 days (% db)
Treatment Potassium application kg/ha
0 50 75 125 225
Control 1.678 1.520 1.602 1.425 1.498
Compost A 1.546 1.465 1.600 1.624 1.600
Compost B 1.535 1.595 1.471 1.568 1.531
Isd 5% Control vs Composts 0.12
Compost Av B 0.10
Controls between K Levels 0.14
Compost between K Levels 0.10

Phosphorus content of root

While within the main plot stratum carrots from Compost treated plots contained less
Phosphorus (0.48% db) than Controls (0.50%) the difference was small. Phosphorus
concentration decreased with increased rate of applied Potassium (P = 0.001; Table 1.204)
and the lower average concentration in carrots from the Compost treated plots logically
resulted from the additional Potassium supplied by the Compost in these plots.

Table 1.204. Phosphorus content of carrot root at 114 days (% db)

Potassium application kg/ha
0 50 75 125 225
0.498 0.486 0.478 0.478 0.468

All treatments

Potassium content of carrot root

Potassium concentration increased with rate of Compost (P < 0.001; Table 1.205) and
increased with rate of applied Potassium P < 0.001; Table 1.206).

Table 1.205. Potassium content of Carrot root at 114 days (% db)
Treatment Carrot
Control 1.42a*
Compost 30 m® 1.59a
Compost 60 m® 1.94b

*

Values followed by a common subscript are not different (P > 0.05).
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Table 1.206. Potassium content of carrot root at 114 days (% db)

Potassium application kg/ha
0 50 75 125 225
All treatments 1.004 1.375 1.551 2.035 2.511

Nutrient uptake by carrot root

All treatments absorbed similar amounts of Nitrogen (118.6 kg/ha) and Phosphorus

(36.8 kg/ha) into roots. The uptake of Potassium increased with Compost rate (P < 0.001;
Table 1.207). The higher uptake was a reflection of the higher concentration in roots caused
by the increased application of Potassium through the Compost.

Table 1.207. Potassium uptake by carrot root at 114 days (% db)

Treatment Carrot
Control 106.2a*
Compost 30 m® 123.1b
Compost 60 m* 149.8¢

* Values followed by a different subscript are different (P < 0.05).

Analysis of youngest fully mature leaf at harvest

Analysis of the youngest fully mature leaf at harvest is shown in Table 1.208. Compost
decreased Phosphorus, Sodium and Manganese concentration.

Table 1.208. Analysis of carrot YFML at harvest

Analyt Control Compost 5% Isd Normal range*
% db
Phosphorus 0.32 0.29 0.03 0.3-0.4
Potassium 174 191 | ns 13-15
Sodium 1.93 1.75 0.14 0.7-4.5
Calcium 2.14 2.53 ns 1.8-2
Magnesium 0.36 0.35 ns 0.35-0.40
Sulphur 0.27 028 | ns 0.3-06
mg/kg
Boron 37 36 ns 29-35
Copper 4.0 3.8 ns 5-7
Iron 1300 1590 ns 120-350
Manganese 87 47 . 23 190-350
Zinc 24 21 ns 20-50

* Reuter, D.J. and Robinson, J.B. Plant Analysis second edition CSIRO Publishing 1997.

Soil analysis at harvest

Analysis of soil at harvest showed that soil K levels in all plots had fallen to below 15 mg/kg
or levels similar to those recorded prior to commencement of this work (Table 1.209).
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Table 1.209. Concentration of Potassium (mg/kg % db) in soil at harvest
Potassium kg/ha
Treatment
0 50 75 125 225
Control <10 10 14 12 15
30m® 10 11 13 11 16
60 m® 10 11 13 11 15

Growing conditions

Crop management was good and irrigation met recommendations (Figure 1.33).
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Figure 1.33 Growing conditions Crop 2 — carrots.

Discussion

The incorporation of crop residue from the previous lettuce crop and the addition of more
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Compost increased soil Potassium concentrations to high levels. This meant all plots, with

the exception of the control plots which were to receive low rates of applied Potassium,
contained sufficient Potassium for maximum growth of carrots (Table 1.195).

While harvest at 60 days showed compost had reduced growth (Table 1.196), at 114 days

increased top weight was recorded in plots treated with Compost A and high rates of applied

Potassium (Table 1.197). The Potassium supplied by Compost maximised carrot yield in

plots receiving no applied Potassium (Table 1.198).

Carrots continued to increase the concentration of Potassium in their roots and shoots as soil
and applied Potassium levels increased (Table 1.206).

The average quality of Carrots grown in Compost treated plots was better and Compost

produced more Grade A,B carrots.
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Lettuce - Crop 3

Iceberg lettuce seedlings, variety Oxley, were transplanted on 30 May 2002 and the following
fertiliser treatments applied weekly by watering can for 11 weeks. The lettuce was harvested
82 days later on 20 August 2002. Intermediate growth was recorded on 16 July (47 days).

Treatment Compost rates m*/ha Potassium rate kg N/ha
Control Nil K1 Nil
A1/B1 30 K2 150
A2/B2 60 K3 250

K4 350
K5 450

Phosphorus was applied at a rate of 200 kg of P per hectare together with a complete trace
element mix as a single application across the site prior to planting. All treatments received
450 kg of Nitrogen and 22 kg of Magnesium per hectare. The Potassium treatments,
together with Nitrogen and Magnesium were applied by watering can as weekly applications.
Week 1, 2 per cent; week 2, 4 per cent; week 3, 6 per cent; week 4, 8 per cent; week 5,

12 per cent; week 6, 15 per cent; week 7, 16 per cent; week 8, 12 per cent, week 9, 10 per
cent; week 10, 10 per cent and week 11, 5 per cent of the total applied.

Compost quality

Compost A had a C/N ratio of 25, low levels of Nitrogen mainly as Nitrate and contained
readily available carbon (NDI = 0.36). Compost B, which had been used as fresh compost
on lettuce (crop 2) in the Phosphorus site and carrots (crop 2) in the Potassium site had
matured further and its C/N ratio had fallen from 19 to 18 (Appendix 1.11 Compost 6 and
4B(2)).

Carbon Nitrogen
Compost Nitrogen | drawdown | Toxicity | \toor | NHe+NO | NOuNFs
: . itrogen ratio
ratio index

Critical value <20 >0.5 > 60 >1.0 > 100 >0.14

Compost 6A 25 0.36 90 1.3 44 19.0

Compost 4B(2) 18 0.45 91 1.7 4.2 >1.0
Results
Harvest at 47 days

Within the main plot stratum growth increased with rate of Compost (P = 0.044; Table 1.210).

Plot data was variable but on average harvest weight increased with rate of applied
Potassium (P = 0.013; Table 1.211).

Table 1.210. Weight of lettuce at 47 days (tonne/ha)
Treatment Lettuce
Control 12.77a*
Compost 30 m® 13.94a
Compost 60 m® 15.01b

*

Values followed by a common subscript are not different (P > 0.05).
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Table 1.211. Weight of lettuce at 47 days (tonne/ha)

Potassium application kg/ha
0 75 125 175 225
All treatments 13.34 13.91 14.42 14.59 14.42

Harvest at 82 days

Within the main plot stratum total weight of lettuce harvested increased with rate of Compost
(P =0.01; Table 2.211). There was an interaction between treatment with Compost and
applied Potassium and the response of total weight harvested to applied Potassium was
different for Control and the average of Compost treated plots (P < 0.001; Table 1.212).

Table 1.210. Weight of lettuce at 82 days (tonne/ha)

Treatment Lettuce
Control 59.94a*
Compost 30 m® 67.51b
Compost 60 m® 72.74c

*

Values followed by a different subscript are different (P < 0.05).

Table 1.212. Weight of lettuce at 82 days (tonne/ha)

Potassium application kg/ha
Treatment

0 150 250 350 450
Control 37.82 60.77 63.59 65.89 71.63
Compost 58.33 68.65 71.94 75.56 76.11

Isd 5% Control vs Compost 6.06

Controls between K Levels 6.59

Compost between K Levels 3.29

Processed head

The percentage of processed head (53.7% of total weight) was similar for all treatments and
the treatment relationships for weight of processed head were similar to those established for
total plant weight (P = 0.008; Table 1.213).

Table 1.212. Weight of processed head at 82 days (tonne/ha)

Potassium application kg/ha
Treatment

0 150 250 350 450
Control 20.63 32.56 33.63 37.71 40.19
Compost 30.18 36.41 38.12 41.84 41.14

Isd 5% Control vs Compost 3.99

Controls between K Levels 5.01

Compost between K Levels 2.50

An exponential curve fitted to the plot data for total weight to lettuce harvested and grouped
for rate had a probability of < 0.001 and accounted for 70.4 per cent of the observed variance
(Figure 1.34). The relationship of total weight of lettuce harvested at 82 days was described
by the functions:
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Control =73.12 — 34.61%(0.99443)A" 025U
Compost 30 m® =76.19 — 22.82*(0.99443)A" @™
Compost 60 m3 =78.86 — 16_09*(0_99443)AP0taSS|um

The amount of applied Potassium required to achieve 95 per cent of the maximum yield was
406 kg/ha for the control, 324 kg for plots which had received 30 m® of compost and 254 kg
for 60 m*. The higher values, on average 37 kg more than those calculated from the first
crop, are consistent with this being a winter crop and support the finding that the K in
compost is freely available. By calculation 100 kg of Potassium supplied by compost was
equivalent to 120 kg supplied as the nitrate. The functions also predict a 3—5 tonne per
hectare yield benefit from using compost.
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Figure 1.34. Response of total weight of lettuce harvested to applied Potassium and Compost rate.

Plant analysis
Nitrogen

Nitrogen content of lettuce at harvest showed a quadratic response to applied Potassium
(P <0.001; Table 1.213).

Table 1.213. Nitrogen content of lettuce at 82 days (mg/kg db)

Potassium application kg/ha
0 150 250 350 450
All treatments 3.731 4.122 4.152 4.218 4.096

Phosphorus

While there were no differences within the main plot stratum for Phosphorus content the
response of Phosphorus content to applied Potassium for Control plots was different to the
average of the Compost treated plots (P = 0.017; Table 1.214). The trend was for Compost
treated plots to give higher Phosphorus content at the low application rates of applied
Potassium.
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Table 1.214. Phosphorus content of lettuce at 82 days (mg/kg db)

Potassium application kg/ha
Treatment
0 150 250 350 450
Control 0.578 0.688 0.750 0.725 0.750
Compost 0.658 0.714 0.718 0.748 0.717
Potassium

Potassium content increased with Compost rate (P = 0.011; Table 1.215) and increased with
rate of applied Potassium (P < 0.001; Table 1.216). Large variation meant differences
between Control and Compost treated plots were not significant but values were generally
above the normal range.

Table 1.215. Potassium content of Lettuce at 82 days (mg/kg db)

Treatment Carrot
Control 4.179a*
Compost 30 m® 4.674a
Compost 60 m* 5.065b

*  Values followed by a common subscript are not different (P > 0.05).

Table 1.216. Potassium content of lettuce at 82 days (mg/kg db)

Potassium application kg/ha
0 150 250 350 450
All treatments 1.442 3.610 4.944 6.379 7.282

Plant uptake

Within the main plot stratum the better growth of plots treated with compost resulted in higher
average plant uptake of Nitrogen, Phosphorus and Potassium by Compost treated plots
(Table 1.217).

Table 1.215. Uptake of nutrients by lettuce at 82 days (kg/ha)

Treatment Nitrogen Phosphorus Potassium
Control 120.6a* 20.37a 126.3a
Compost 30 m® 131.9b . 23.23b 155.3b
Compost 60 m* 138.3b 24.17b 174.3c

*  Values followed by a common subscript are not different (P > 0.05).

Nitrogen uptake

The quadratic response of plant uptake of Nitrogen to applied Potassium was different for
compost type and there was a trend for Compost A to take up more nitrogen at most levels of
applied Potassium (P = 0.031; Table 1.216).
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Table 1.216. Nitrogen uptake by lettuce at 82 days (kg/ha)
Treatment Potassium application kg/ha
0 150 250 350 450
Control 84.8 125.7 131.3 127.6 134.2
Compost A 117.6 138.5 136.9 145.6 135.4
Compost B 117.7 130.7 134.0 141.0 153.6
Isd 5% Control vs Composts 171
Compost Av B 13.9
Controls between K Levels 19.5
Compost between K Levels 13.8
Phosphorus uptake

There was an interaction (P = 0.008) between compost treatment and applied Potassium for
plant uptake of Phosphorus and the linear response of Phosphorus uptake to applied
Potassium was different for Control and the average of Compost treated plots (P = 0.004;
Table 1.217). This higher uptake by compost treated plots was a result of higher growth and
higher Phosphorus concentration which arguably resulted from the better Potassium nutrition
of these plots.

Table 1.217. Phosphorus uptake by lettuce at 82 days (kg/ha)
Treatment Potassium application kg/ha

0 150 250 350 450
Control 13.38 20.55 22.19 21.60 24.11
Compost 20.57 23.35 23.76 25.51 25.31

Isd 5% Control vs Compost 2.53

Controls between K Levels 3.14

Compost between K Levels 1.57

Potassium uptake

Plant uptake of Potassium increased with rate of applied Potassium and there were no
significant differences in the sub plot stratum (P < 0.001; Table 1.218).

Table 1.218. Potassium uptake by lettuce at 82 days (kg/ha)
Potassium application kg/ha
0 150 250 350 450
All treatments 44.1 116.6 160.5 212.1 253.5

Relationship of plant potassium content and growth

An exponential curve fitted to the plot data for concentration of Potassium and weight of
lettuce harvested and grouped for Compost rate had a probability of < 0.001 and accounted
for 68.4 per cent of the observed variance. This suggested that factors other than the
Potassium supplied by Compost influenced yields (Figure 1.35).
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The weight of lettuce harvested was described by the functions:

68.69 — 43.61*0.5866"
74.23 — 43.61*0.5866"
78.19 — 43.61*0.5866"

Potassium Concentration

Control
Compost 30 m3
Compost 60 m3

Potassium Concentration

Potassium Concentration
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Figure 1.35. Effect of concentration of Potassium and Compost rate on weight of lettuce harvested.

Soil bicarbonate extractable Potassium at planting

The incorporation of the carrot top residue and the application of compost increased soill
Bicarbonate Potassium content. Within the main plot stratum Potassium increased with
Compost Rate (P < 0.001; Table 1.219). There was an interaction between Compost type
and previously applied Potassium and the increase in soil Potassium with increased
application of previously applied Compost was different for Compost Type (P = 0.006;
Table 1.220). Compost B treated plots recorded higher levels of Bicarbonate extractable
Potassium.

Table 1.219. Potassium content of soil at planting (mg/kg db)

Treatment Lettuce
Control 20.60a*
Compost A 41.30b
Compost B 44.60b

*

Values followed by a common subscript are not different (P > 0.05).
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Table 1.220. Potassium content of soil at planting (mg/kg db)

Treatment Previous Potassium application kg/ha
0 150 250 350 450
Control 19.8 18.5 19.8 22.8 22.2
Compost A 39.5 42.0 40.5 38.2 46.2
Compost B 38.2 38.2 43.6 51.0 51.9
Isd 5% Control vs Composts 9.00
Compost Av B 7.35
Controls between K Levels 9.3
Compost between K Levels 6.6

Soil bicarbonate extractable Potassium at harvest

Soil Potassium in plots receiving low rates of applied Potassium had declined dramatically at
harvest and while it increased with previously applied Potassium there were no main plot
effects (P < 0.001; Table 1.221).

Table 1.221. Potassium content of soil at harvest (mg/kg db)
Potassium application kg/ha
0 150 250 350 450
All treatments 9.7 17.4 25.0 37.8 51.6

Growing conditions

Growing conditions were typical of winter and rainfall and irrigation met crop water
requirements (Figure 1.36).
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Figure 1.36. Growing conditions lettuce — Crop 3.

Analysis of youngest fully mature wrapper leaf at harvest

Leaf analysis at harvest showed Calcium and Copper concentrations were below the normal
range. Compost increased Phosphorus, Calcium and Magnesium levels but decreased
Sodium, Manganese and Zinc (Table 1.222).
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Table 1.222. Analysis of lettuce wrapper leaf at harvest
Analyt Control Compost 5% Isd Normal range*
% db
Phosphorus 0.56 0.59 0.03 0.55-0.65
Potassium >4.0 >4.0 5.5-6.0
Sodium 0.80 0.70 0.05 0.5-1.0
Calcium 0.97 1.11 0.08 1.4-2.0
Magnesium 0.32 0.35 0.027 0.3-0.7
Sulphur 0.34 0.32 ns 0.3-0.32
mg/kg
Boron 26.0 26.0 ns 25-55
Copper 44 4.4 ns 10-18
Iron 463 425 ns 50-500
Manganese 108 66 7.2 50-300
Zinc 79 54 Ns 30-100

* Reuter, D.J. and Robinson, J.B. Plant Analysis second edition CSIRO Publishing 1997.

Discussion

The response of plant growth to applied Potassium was different for Control and Compost
treated plots. This was not fully explained by the additional Potassium supplied by the
Compost and an additional “Compost” response was recorded (Table 1.212 and Figures 1.34
and 1.35).

The Potassium in Compost was freely available and Compost had a sparing effect on the
quantity of Potassium required to achieve 95 per cent of maximum yield. This showed that
when calculating fertiliser application requirements 100 kg of Potassium contained in
Compost will substitute for 120 kg of Potassium supplied as nitrate.

Conclusions — Potassium site

The availability of potassium contained in compost is totally available when applied to a site
that had not previously received compost. Further at the first application, compost was able
to reduce the potassium requirement maximum yield by between 15 and 20%.

In the final crop grown during winter when impacts of rainfall on leaching are potentially
greater, compost reduced the potassium requirement by 20%.
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Soil quality

Assessment of soil quality was largely investigated at the Nitrogen Replacement site
because of the longer history of compost applications associated with the seven trials.
Bulk density and volumetric water

Soil Bulk Density and Volumetric Water was determined after 1, 3 and 7 applications of
compost using metal cores 6 cm in diameter and 5 cm deep (Manual of Field Techniques in
Hydrology, Department of Agriculture Misc. publication 37/91).

A single application of compost had no significant effect on Soil Bulk Density, 1.401 tonne/m®
and Volumetric Water, 9.12 per cent when the soil was sampled 2 weeks after planting.

After 7 applications compost had reduced Soil Bulk Density (Figure 1.37A) and increased
Volumetric water 20 (30 m®) and 40 (60 m®) per cent (Figure 1.37B).

tonne/m®
5 16
1.25 +LSD (P < 0.05) *LSD (P <0.05)
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Figure 1.37A. Soil bulk density after 7 crops Figure 1.37B.  Volumetric water holding
and compost applications. capacity after 7 crops.
Soil pH
Compost stabilised soil pH (Figure 1.38).
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Figure 1.38. Soil pH after seven crops at the Nitrogen replacement trial site.
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Cation exchange

Compost application increased the cation exchange capacity of the soil (Figure 1.39).
Values achieved approached those typical of red brown earths (K. Peverill et al. Soil

Analysis, an interpretation manual).

O Control

OVirgin

B Compost A60

O Compost A30

LSD 1.078

OCompost B30 & Compost B60

LSD 2.24

LSD 0.734

12

K Site 3 applications N Site 7 applications

P Site 3 applications

Exchangeable cations (sum of Calcium, Magnesium, Potassium and Sodium).

Figure 1.39.

Soil organic carbon

Soil carbon in the top 15 cm of soil increased with the continued use of compost but

appeared to stabilise after 5 applications (Figure 1.40).

O Control O A30 B B30 OAGO EB60

1.1 4

abejusolad

Application 5 Application 7

Application 2

Application 1

Soil carbon (% db) after selected compost applications at the Nitrogen replacement trial

site.

Figure 1.40.
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Analysis at completion of the trials revealed that carbon levels had increased throughout the
soil profile and it was calculated that approximately 30 per cent of the carbon applied had
been retained in the soil profile (Figure 1.41).
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Figure 1.41. Quantity of soil carbon after seven compost applications at the Nitrogen replacement

trial site.

Soil nitrogen

Soil nitrogen increased with compost addition but stabilised in the top 15 cm soil after 3
applications (Figure 1.42).

0.08 -
0.07 -
0.06 -
0.05
0.04
0.03 -
0.02 -
0.01 -

0

OControl OA30 EB30 OAG0 EB60

Percentage

Crop 1 Crop 2 Crop 3 Crop 4 Crop 5 Crop 6 Crop 7
Figure 1.42. Total soil Nitrogen (% db) after seven consecutive compost applications at the Nitrogen
replacement trial site.

Analysis of soil at completion of the trials showed that nitrogen had moved down the soil
profile and it was calculated that soil nitrogen had increased by an amount equivalent to

90 per cent of the nitrogen applied by the compost, for plots receiving 30 m*, and 80 per cent
for plots receiving 60 m® rates of application. There had been almost no increase of soil
nitrogen in the control plots despite the accumulated application of 2,500 kg of Nitrogen
fertiliser (Figure 1.43).
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Figure 1.43. Total soil Nitrogen (kg N/ha) after selected compost applications at the Nitrogen
replacement trial site.

The increase in soil nitrogen meant that the Carbon Nitrogen Ratio of the compost treated
soil improved dramatically over the course of the trials (Figure 1.44).
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Figure 1.44. Soil carbon Nitrogen ratio (0-15 cm) after selected compost applications at the Nitrogen
replacement trial site.

Soil nitrogen as nitrate at planting and harvest

While Soil Nitrate varied with crop and season some composts increased the level of sail
nitrate at planting. The increased plant availability of nitrogen at the time of planting is
considered to be the primary cause of the plant responses recorded with transplanted crops
(Figures 1.45 and 46).
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Figure 1.45. Nitrate Nitrogen after seven consecutive compost applications at the Nitrogen
replacement trial site.
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Figure 1.46. Nitrate Nitrogen at planting of Crop 3 and Crop 5 at the system site.

Discussion

The continued use of compost increased soil Carbon, Nitrogen and Total Exchangeable
Cations. It reduced bulk density and stabilised pH and increased the fertility of the soil.

Plant responses to the use of compost were recorded when nitrogen mineralisation was
stimulated and soil nitrate nitrogen levels were elevated at planting. While compost quality
was obviously an important determinate in the magnitude of the crop response recorded
there was evidence that the response increased as soil Carbon and Nitrogen levels
increased with the continued use of Compost.
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Appendix 1.1. Analysis of the compost used in the Fertiliser replacement trial site at the Medina Research Station. Samples were collected immediately before compost
application and analysed to AS 4454 specifications by Collex Laboratories, Adelaide, SA.
. Compost batch (1A- 4A) and additional composting (B)
Analyte idi:fl\‘,;;lll,e Unit Compost | Compost | Compost | Compost | Compost | Compost | Compost | Compost | Compost

1A B 2A 1B 3A 2B 4A 2B 4B(2)
Carbon Nitrogen Ration <20/<17 none 28 21 31.0 28.0 19 25 19 21 18
Nitrogen Drawdown Index >0.5 none 0.21 0.50 0.34 0.26 0.30 0.29 0.44 0.54 0.45
Organic matter % DM 62 56 69 66 55 56 51 58 51
pH (CaCly) 5-75 pH units 7.6 7.5 7.8 7.6 7.6 7.8 7.5 7.9 7.7
Electrical conductivity - dS/m 2.10 2.75 2.80 1.55 3.40 2.60 3.95 2.00 2.45
Toxicity (potting mix test) > 60 % 55 57 98 95 86 90 100 81 91
Moisture content > 35 n/a 50 45 44 49 44 44 45 51
Total Nitrogen >1.0/1.4 | % DM 1.3 1.5 1.3 1.4 1.7 1.3 1.6 1.6 1.7
NH4 + NO; > 100 mg/L <1.0 <1.0 23 <1.0 <1.0 <1.0 89 <1.0 42
NH; nitrogen mg/L <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
NO3/NH, ratio >0.14 (m/1) <0.1 <0.1 >1 <0.1 <0.1 <0.1 >1 <0.1 >1
Phosphorous - Total (P) % DM 0.6 1.3 0.6 0.7 1.1 0.8 1.0 1.0
Phosphorus - Soluble <05 mg/L 6.02 14 8.5 11 57 12 59 10
Potassium (K) % DM 0.54 0.76 0.61 0.55 0.66 0.69
Calcium (Ca) % DM 6.4 10.2 8.6 6.4 8.9 6.7
Magnesium (Mg) % DM 0.26 0.39 0.37 0.32 0.4 0.38
Manganese (Mn) mg/kg 120 280 160 150 180 200
Zinc (Zn) mg/kg 140 350 200 160 200 200
Copper (Cu) mg/kg 56 190 130 52 140 53
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Appendix 1.1 continued ...

Critical/ Compost batch (5A- 9A) and additional composting (B)
Analyte ideal Unit | compost | Compost | Compost | Compost | Compost | Compost | Compost | Compost

value 5A 6A 7A 6B 8A 6B(1) 9A 6B(2)
Carbon Nitrogen Ration <20/<17 none 24 25 20 25 27 12 19 17
Nitrogen Drawdown Index | > 0.5 none 0.68 0.36 0.51 0.37 0.41 = < 0.10 <0.10 0.20
Organic matter % DM 51 55 46 51 50 8 55 46 37
pH (CaCly) 5-75 pH units 8 6.8 7.6 7.8 74 % 7.6 7.3 7.9
Electrical conductivity - dS/m 2.25 3.25 2.90 1.35 4.10 9| 1.55 6.85 4.00
Toxicity (potting mix test) | > 60 % 74 90 79 100 74 :Z: 78 <5.0 67
Moisture content | > 35 n/a 38 39 47 43 35 5 43 30 32
Total Nitrogen | >1.014 | %DM 12 13 14 12 11 ® o7 14 13
NH4 + NO; | > 100 mg/L 27 44 140 78 50 <1.0 110 33
NHa nitrogen | mg/L 27.0 22 140.0 78.0 <1.0 <1.0 55.0 3.3
NO3/NH4 ratio | > 0.14 (m/1) <0.1 19.00 <0.10 <0.10 > 1 <0.1 0.93 9.10
Phosphorous - Total (P) | % DM 0.5 0.5 0.6 0.5 0.9 0.6
Phosphorus - Soluble <0.5 mg/L 3.9 4.4 1.7 gé gz 2.2 <1.0
Potassium (K) % DM 0.43 0.33 0.54 0.36 § % % 0.66 0.44
Calcium (Ca) % DM 94 9.7 12.0 10.0 g’; 5_, é 6.6 7.5
Magnesium (Mg) % DM 0.3 0.34 0.29 % § § 0.3 0.33
Manganese (Mn) mg/kg 110 290 120 160 © g%
Zinc (Zn) mg/kg 120 120 140 180 % 4
Copper (Cu) mg/kg 87 77 100 75
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SECTION 2 — FERTILISER REPLACEMENT TRIALS — VICTORIA

Introduction

In Victoria, project resources were sufficient enough only for the establishment of one
fertiliser replacement trial. This was established as an N-replacement trial due to the fact
that the dynamics of N supply from compost is perhaps the most important factor governing
the suitability of compost for vegetable production. Whilst compost should not be considered
as a fertiliser as such, its successful use in vegetable production is contingent on its quality
with respect to N supply. As a minimum, compost should not compete with a crop for
available N. If high quality compost is applied on a regular basis, then N supply from soil
reserves becomes significant and the rates of inorganic fertiliser could be decreased. In this
way, the cost of competitiveness of compost will be further increased.

A simple and reliable method of measuring N availability in compost is not yet available, but
there are many measures of compost quality which help to give us clues about the potential
suitability of a compost for vegetable production. There are many examples of recent
reviews covering different methods of measuring compost quality (e.g. Scaglia et al. 2000;
Tomati et al. 2000). Some basic parameters of compost quality are covered in the Australian
Standard for compost (AS4454). These measures together with field studies should give a
good overall picture of the compost quality specifications required for vegetable production.

Materials and Methods

Brief description of site at DPI Knoxfield

The farm site allocated for the compost trial was previously used for a number of years to
grow a mixture of fruit (apricot trees, strawberries) and vegetables (cabbage, broccoli and
celery). Soil drainage is assisted by the gentle north-facing slope and the apart from a row of
10 m Australian cypress pines (Callitris sp.) located eight metres from the western plot
boundary, site is exposed to all weather conditions. These trees start to impart shade on the
trial area at 3.00 p.m. in autumn (see Figure 2.1 below).

Soil type and description

A comprehensive soil analysis was taken 14 months prior to the initial planting of this trial.
The soil colour description was yellowish, greyish, brown consisting of a fine sandy clay loam
texture. The soil analysis showed the gravel content to be approximately 5 per cent and the
pH to be strongly acidic. Saturated extract conductivity (Ece) was 1.8 dS/m which may harm
sensitive plant species and total soluble salts was 0.06 per cent which is slightly higher than
normal. The total organic matter was moderate at 4.4 per cent. Ground burnt agricultural
(GBA) lime was applied to the soil prior to transplanting broccoli seedlings in order to raise
the pH to 6.0-7.0. This was also a precautionary measure to help prevent club root disease
in brassicas (Plasmodiophora braccicae).

Dimensions of trial area

Two compost trials, titled nutrient replacement (NR) trial and systems (S) trial were held next
to one another and located on the farm site, a short walk from the main buildings at DPI
Knoxfield (see Figure 2.1 below). The total area for both trials was 2112 m? (33 m x 64 m)
with the NR-trial being approximately three times as large as the S-trial. Two buffer rows
were allocated to the outsides of the trial area on the western and eastern edges. Similarly,
extra seedlings were planted at the ends of each row on the northern and southern sides to
act as buffers to the experimental plots.
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Site set-up

Generally, the trial area was ploughed over one to two weeks prior to planting. Beds were
raised with a disc-plough and roughly formed so that the compost could be applied on top,
raked out and incorporated into the soil by rotary hoeing 1 to 5 days before planting. GBA
lime was applied at 1.5 t/ha prior to adding the compost and allowed to stabilise for three
days. The trial plot was then sprayed with the appropriate pre-emergent herbicide (Dual
Gold for broccoli and Stomp 330E for lettuce) either before or within one week of
transplanting.

Two rows of vegetables were planted per bed. Plot signs were installed and the irrigation
(overhead sprinklers) set up and turned on within 2-3 days of transplanting depending upon
rain. Seedlings were then side-dressed within one week with an NPK fertiliser with a further
two side-dressings of nitrogen applied at 1/3 intervals over the life of the crop. After harvest
soil samples and the appropriate soil tests were performed and the entire trial site ploughed
in. To improve drainage and aeration a deep ripper was used at the end of each trial that
displaced soil in the furrows up on top of the beds.

The site was serviced by a large dam and a pump house located approximately 300 m to the
north. The pump was manually operated, generally on consecutive working days (Monday,
Wednesday and Friday) or upon request. Irrigation piping was connected to three rows of
overhead sprinklers (two servicing the NR-trial and one to the S-trial). Within a row, there
were seven sprinkler heads located 9 m apart. Each sprinkler had an irrigating radius of
approximately four beds hence there were eight beds between any two rows of sprinklers.

8m 25m 8m
% 1.5m (buffer
N
Fence
: Nutrient System
replacement trial trial 60m

Australian
i cypress v

2.5m (buffer

gﬁ Note: Not to scale

Figure 2.1. Plan view of nutrient replacement and systems compost trials at DPI Knoxfield.
N-replacement trial

Trial design

A type of split-plot design was used with six replicates laid out as 3 by 2 blocks (or
repetitions). Each block contained five main plots corresponding to the five compost
treatments plus the control (i.e. no compost and two types of compost, both at 35 m*ha and
70 m*ha). Each main plot contained five sub-plots which related to the five rates of nitrogen
fertilisers (e.g. 0, 40, 80, 120, 160 kg/ha for broccoli) hence there were 25 treatments per
block and 150 plots in total.
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Table 2.1. Treatment description and application rates of compost and fertilisers for broccoli in the

NR-trial
Abbreviation' Compost (nlfg;:]ea) N-fertiliser rate (kg/ha)
Control (n) None 0 0 40 80 120 160
FWC35(n) Food waste 35 0 40 80 120 160
FWC70(n) Food waste 70 0 40 80 120 160
SGW35(n) Soft green waste 35 0 40 80 120 160
SGW70(n) Soft green waste 70 0 40 80 120 160

! e.g. Control(0) - no compost and 0 kg/ha of N; FWC70(80) - FWC at 70 m*/ha and 80 kg/ha of N.

Trial set-up and maintenance

Two types of composts were used (soft green waste (SGWC) and food waste (FWC)) which
were ordered a few weeks prior to application from the same suppliers each time. SGWC
was derived from kerb-side green waste collections using wheelie bins and consisted of
grass, leaves, weeds, small prunings and a little water. There was little woody material
present. The FWC consisted mainly of supermarket fruit and vegetable waste, blended with
sawdust and shredded mulch.

The compost was measured out by filling up the appropriate amount in one or two 20 L white
buckets before being applied to individual plots, raked out and rotary hoed in by tractor.

Two pre-emergent herbicides were used. Dual Gold (960 g/L S-Metalochlor) was applied to
broccoli by a tractor mounted boom spray at approximately 4 L per hectare either prior to or
within one week of transplanting. This was then watered in for 1-2 hours with overhead
sprinklers or by rain. Similarly Stomp 330E (330 g/L Pandemethalin) was applied prior to
transplanting lettuce at approximately 4 L per hectare in a similar fashion.

For the first crop, a Hamilton tree-planter was used to hand plant 4,800 broccoli seedlings.
For the remaining three crops a cup-transplanter was used to mechanically plant the broccoli
and lettuce seedlings.

All four crops were affected in some way by either pests (birds, slugs, Diamondback moth,
Plutella xylostella) or diseases White Blister Rust (Albugo candida) in part due to the drought
in Victoria. Having a large and abundant supply of fresh water in the nearby dam attracted
large flocks of birds which also attacked the crop, especially in the plots closest to the dam.
This set some vegetables back 1-3 weeks. In more affected areas, some vegetables
appeared to be roughly the same size at the end of the trial as they did at the start.
Fortunately, only the outer leaves were nibbled in both lettuce trials, which left the hearts to
grow on. After an attack, the lettuce seedlings were fertilised to help the plants to recover.

Mesurol 750 (750 g/kg Methiocarb) from Bayer was applied at 5.5 kg per hectare by hand to
prevent slug and snail damage especially to lettuce. The insecticide was applied to both
lettuce crops as they grew closer to the ground and were more likely to harbour pests such
as slugs. Vegetable rows on the western side of the trial appeared to be more affected by
slugs probably due to more shade imparted by the cypress trees in autumn and winter.

Ridomil Gold MZ (750/kg Mancozeb plus 40 g/kg Metalaxyl-M) was applied at 250 g/100 L
water to prevent white blister and the biological insecticide, Delfin WG (850 g/L Bacillus
thuringiensis) at 25 g/100 L water to control Diamondback moth that both appeared later in
the second broccoli crop.
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Three types of granular fertilisers (NPK) were used as either a basal application or side-
dressings for both broccoli and lettuce. Nitrogen in the form of urea (46%), phosphorous as
single superphosphate (8.8%) and potassium as potassium sulphate (41%) were all
measured into small plastic containers in the laboratory. Approximately half of the fertiliser
was applied down either row of vegetables within a plot. For best results the fertilisers were
applied before either rain or irrigation. Two different standard rates of nitrogen fertilisers
were used for both trials (0, 40, 80, 120 and 160 kg/ha for broccoli and 0, 30, 60, 90 and
120 kg/ha for lettuce).

Crop sequence

The following crop sequence was used: Broccoli | — Lettuce | — Broccoli Il — Lettuce Il
(Table 2.2).

Two different varieties of vegetable seedlings were used for both broccoli (Marathon,
Legacy) and lettuce (Musketeer, Casino) trials. The seedlings were ordered from the same
seedling supplier several weeks prior to planting so varieties were limited to what was in
stock during each season. Unfortunately, both crops of lettuce were affected by weeds due
to an incorrect application rate of the recommended pre-emergent herbicide (Stomp) and
cool, damp weather. Consequently the first lettuce crop was severely affected by weeds
which helped introduce other pests (slugs) and diseases such as sclerotinia, pythium and
botrytis. On the second crop, the entire trial area had to be levelled and reformed before
transplanting due to an error in bed preparation. This brought other weed seeds up from
underneath the surface and was difficult to control other than by hand weeding. The
herbicide used did not specifically target cape-weed.

Table 2.2. Planting sequence and timetable for vegetable growing period only

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

2001 |
Key: Broccoli Lettuce

L .

Dimensions of trial area

The trial consisted of 16 beds (including one buffer bed) approximately 25 m in width and
approximately 60 m in length which ran north-south (Figure 2.1). At each end, several buffer
plants were planted to help protect the end plots. There was also a buffer row on the
western side of the trial, next to grass and within eight metres of a row of Australian cypress
pines. Each row contained approximately 300 plants. Bed widths were approximately 0.9 m
wide with 0.5-0.6 m furrows. The bed area of each plot measured 5.4 m? (6.0 m x 0.9 m).

Assessments

Compost analysis

A minimum 6 L of compost samples were taken from the delivered compost. The bag was
sealed and stored in a cool dry place until delivery to DPI Werribee (formerly the State
Chemistry Laboratory) for analysis according to AS4454.

146



Section 2 — Fertiliser Replacement Trials — Victoria
Results

Soil analysis

Soil samples from the top 0-10 cm were taken from designated plots with a hand spade
within one week of final harvest. One to two scoops of soil was taken from three different
positions along the middle of the plot and carefully placed in a snap lock bag, sealed and
transferred to the 4°C cool room within 45 minutes of sampling. It was taken to the analytical
laboratory (DPI Werribee) in an esky with ice for analysis within three days of sampling.

Leaf analysis

Leaf samples were taken from three crops in order to measure SAP nitrate content. In the
first broccoli crop SAP was taken mid cycle whereas for the last broccoli and lettuce crops
they were taken closer to harvest. The most recent fully developed leaf from five separate
plants was harvested, placed in a snap lock bag and chilled in the field in an esky with ice.
With lettuce, the outer wrapper leaf was used. Leaf samples were then transferred to a
-20°C freezer until tested.

Two different techniques and dilutions were used to prepare the leaves however the same
Merck instrument was used to measure the nitrate levels:

o SAP was extracted from the first broccoli trial by firstly slicing five leaves into small
pieces and squeezing them through a garlic press. One mL of SAP was then
combined with 19 mL distilled water.

o SAP was extracted from the second broccoli and lettuce crops by slicing five leaves
into small pieces and weighing out approximately 40 g combined with 40 mL de-ionised
water and stomached for 30 seconds. The sample was then sealed and placed on an
orbital shaker for 60 minutes at 4°C. One mL was then pipetted into an eppendorf and
frozen at -20°C until later use. Samples were then thawed on the bench for
approximately 30 minutes prior to nitrate analysis.

Nitrate was measured by dipping the test strip into solution for 2 seconds, removing it and
any excess liquid vigorously shaken off. At the same time of dipping the test button on the
spectrometer was pressed which counted down 60 seconds. With 5 seconds to go the test
strip was inserted into the spectrometer. A reading between 5 and 250 g/mL was displayed
and recorded. This last step was repeated and the results averaged before being multiplied
by the dilution factor.

Plant growth assessments

In the first broccoli trial, entire fresh weight samples were taken at 2 stages of the growth
cycle (at 4 and 8 weeks). Four plants were taken from each plot and weighed.

Head weight at harvest

Both broccoli and lettuce heads were harvested into large plastic crates, weighed by bench
scales and the number of heads per plot recorded in the field. The minimum standard was
‘marketable’ heads except when the entire plots were harvested due to either bolting or
animal damage. Plants that had been affected by pests, diseases, flowering or were too
small were not harvested.

Irrigation patterns

Irrigation patterns were measured in the last broccoli and lettuce trials by placing one 5 L
white ice-cream container in the middle of a plot and recording the amount of water collected
from one hour of overhead irrigation. Volumes were measured by carefully tipping the water
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into a 250 mL measuring-cylinder and recording the data in the field. Irrigation volumes were
recorded in all six blocks for broccoli and 4 blocks for lettuce. The data was not analysed by
itself but as a covariate to yield.

Soil moisture

In the last lettuce trial, gravimetric soil moisture was calculated for each of the control plots in
each block. Soil samples from the top 10 cm were taken with a hand spade at 3 different
locations within a plot and placed on a pre-weighed aluminium tray and then dried in a 40°C
oven for a minimum of 48 hours. The dried soil samples were then re-weighed so that the
soil moisture could be calculated.

Results

Broccoli 1
Plant growth assessments

The results from the first sampling at 4 weeks showed that there was no difference in fresh
weights between treatments other than at the different nitrogen rates. The fresh weights
increased with increasing nitrogen fertiliser (Figure 2.2). In contrast, the results from the
second collection (8 weeks) showed that the treatments with SGWC had higher fresh
weights than the FWC and the controls (no compost). There was no difference in average
fresh weights between FWC and the controls (Figure 2.3).

Yield at harvest

At harvest, broccoli head-weight increased with increasing nitrogen fertiliser rate (Table 2.3).
While there was not a significant difference in yield between the control and compost
treatments, SGWC had a significantly higher marketable head size (11%) than FWC

(Table 2.4).
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Figure 2.2. Average fresh weight of plants Figure 2.3. Average fresh weight of plants
from first collection. from second at 8 weeks after
planting.
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Table 2.3. Effect of N-fertiliser rate on the marketable head size of broccoli (Broccoli 1, harvest

September 2001)
Marketable N-fertiliser rate (kg/ha) Isd
head size P =5%
©) 0 40 80 120 160 (P =5%)
145.7 180.1 199.9 217.4 234.2 9.1

Table 2.4. Effect of compost type on the marketable head size of broccoli (Broccoli |, harvest September

2001)
Marketable Compost type
head size
(9) Control FWC SGW
199.1 184.7 204.4

Isd (6%) 19.0 - comparing means between compost and control;
15.5 - for comparing means between compost.

Plant analysis

In most cases, sap nitrate levels increased between the 80 and 160 kg/ha N-fertiliser rates
(Table 2.5). All 160N treatments had significantly higher nitrate levels than both the lower
applications (ON and 40N). At 160 kg/ha of N, there was a significant reduction (P = 0.05) in
sap nitrate between the control and the higher compost rate (70 m®ha) for FWC indicating
that nitrogen drawdown had occurred (Table 2.5). Both composts showed signs of nitrogen
draw down as the rate of compost application increased (Table 2.6) but it was only
statistically significant for FWC.

Table 2.5. Effect of N-fertiliser and compost on the nitrate levels of broccoli (Broccoli I, sampled August

2001)
Compost type and rate N-fertiliser rate (kg/ha) Isd
(m'/ha) 0 40 80 120 160 (P 5%)
Control 46.6 50.7 91.3 96.7 129.3
FWC35 | 52.8 69.7 71.8 101.6 120.7
SGWC35 39.7 56.9 | 65.8 100.2 106.8 35.1
FWC70 | 53.4 38.5 57.5 78.1 92.5
SGWC70 27.3 45.1 71.6 84.1 126.8

Table 2.6. Effect of compost rate on the nitrate levels of broccoli (Broccoli I, sampled August 2001)

Compost rate (m3/ha)

Nil 35 70

Nitrate (mg/L) 82.9 78.6 67.5

Isd (6%) 12.7 - comparing means between rates of compost and control;
10.4 - comparing means between rates of compost only.

Compost analysis

SGWC had a lower C/N ratio, higher total and nitrate N 30, and a higher NDI than FWC
(Table 2.7). FWC had a C:N of 35 which was higher than expected and was probably due to
the inclusion of extra carbon material such as wood shavings. This may explain the
evidence for nitrogen drawdown shown for FWC.
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Table 2.7. Analysis of SGWC and FWC composts according to AS4454-1999 (Broccoli l)

Analysis Units SGWC FWC
Moisture @ 40°C % wiw 40 44
Moisture @ 105°C % wiw 44 45
pH - 1:5 H,0 7.9 7.7
Wetability min 4 5
E.C. dS/m 24 27
Na mg/kg 1,900 2,400
Loss on Ignition (organic matter) % wiw 38 75
C/N (Calc from Leco) 14 35
Total C % wiw 18 35
N Drawdown 150 (NDI) 0.95 0.6
N % wiw 1.3 1
NH4-N mg/L <5 <5
NOs-N mg/L 30 <5
P mg/kg 1,800 1,300
K mg/kg 9,000 10,000
S mg/kg 940 920
Ca mg/kg 21,000 7,100
Mg mg/kg 4,700 2,300
Germination test % 40 35
Toxicity test 46 55

Lettuce 1

This crop was severely affected by weeds and disease and was not harvested.

Broccoli 2

Head weight of broccoli increased with increasing rate of N fertilisation (P 5%; Table 2.8).

Neither compost resulted in a significantly higher head weight compared to the control.

However, SGWC resulted in a significantly higher head weight than FWC (P 5%; Table 2.9).
There was no significant interaction between compost type or compost rate and rate of N.

Analysis of the composts showed SGWC to have higher levels of total and available N, total

K and Ca compared to FWC (Table 2.10).

Table 2.8. Effect of rate of N fertilisation on head weight of broccoli 2 (October 2002)

Marketable N-fertiliser rate (kg/ha) Isd
head size P = 5%
() 0 40 80 120 160 (P =5%)
143.4 162.1 176.8 187.8 192.5 12.45
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Table 2.9. Effect of compost type on head weight of broccoli 2 (October 2002)

Marketable head

Type of compost

weight
(9) Control

FWC

SGW

163.9

163.3

186.0

Isd (6%) 24.11 - comparing means between compost and control;
19.68 - comparing means between compost.

Table 2.10. Analysis of SGWC and FWC composts according to AS4454-1999 (Broccoli 2)

Analysis Units SGwWC FWC
Moisture @ 40°C % wiw 18 44
Moisture @ 105°C % wiw 20 45
pH-H20 6.9 7.5
Wetability Min 11 3
E.C. dS/m 46 2.7
Na mg/kg 1,400 1,800
Loss on Ignition (organic matter) % wiw 43 55
C/N (Calc from Leco) 16 24
Total C % wiw 24 31
N Drawdown 150 (NDI) 0.4 0.2
N % wiw 1.5 1.3
NHs-N mg/L 130 34
NOs-N mg/L <5 31
P mg/kg 2,000 3,500
K mg/kg 11,000 8,600
S mg/kg 1,600 1,700
Ca mg/kg 20,000 20,000
Mg mg/kg 4,300 3,100
Germination test % 95 95
Toxicity test 6 77

Lettuce 2

Due to animal damage, two blocks were excluded and the compost types were combined for
statistical analysis. Overall, compost treatments significantly increased the yield of lettuce.
Only at the compost rate of 70 m*ha was head size significantly affected by fertiliser rate
(Table 2.11). At this rate of compost, highest yields were obtained at 60 kg N/ha.
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Table 2.11. Effect of compost rate and N-fertiliser rate on the marketable head size of lettuce (Lettuce 2,

harvest May 2003)
N-fertiliser rate (kg/ha)
Marketable head size Number of
Control 6 195 268 212 243 236
Compost
rate 35 12 308 271 258 258 344
(m*/ha)

70 12 247 323 365 360 276

Isd (6%) 152.4 - comparing means within control treatment;
13.0 - comparing means between control treatment and means in other treatments;
107.8 - comparing means within and between the 35 and 70 m>/ha treatments.

Due to high variability, no consistent trends were observed with respect to the effect of
compost type and rate on nitrate levels in lettuce leaves (Table 2.12). At 0 kg N/ha, there
was some evidence that SGWC application resulted in reduced nitrate concentrations in the
leaves.

Table 2.12. Effect of N-fertiliser and compost on the nitrate levels of lettuce leaves (Lettuce Il, sampled

May 2003)
Compost type and rate N-Fertiliser rate (kg/ha) Isd
(m/ha) 0 30 60 90 120 (P 5%)
Control 700.9 433.2 582.8 617.1 630.5
FWC35 3773 | 4992 757.6 827.0 617.4
SGWC35 299.3 427.8 625.9 611.7 7983 | 3866
FWC70 805.5 587.0 7257 | 6974 750.6
SGWC70 999 | 5451 551.8 264.0 807.6

Analysis of each compost showed that SGWC had a higher NDI and available N content than
FWC (Table 2.13). In the SGWC, the C:N ratio, total and available N contents and NDI are
close to the recommended specifications for the use of compost in vegetable production.
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Table 2.13. Analysis of SGWC and FWC composts according to AS4454-1999 (Lettuce Il)

Analysis Units SGWC FWC
Moisture @ 40°C % wiw 33 33
Moisture @ 105°C % wiw 34 37
pH-H20 8.2 7.1
Wetability min 3 9
E.C. dS/m 4.5 3.1
Na mg/kg 1,900 2,000
Loss on Ignition (organic matter) % wiw 55 39
C/N (Calc from Leco) 16 17
Total C % wiw 23 27
N Drawdown 150 (NDI) 0.7 0.3
N % wiw 1.4 1.6
NHs-N mg/L 86 35
NOs-N mg/L 5.9 8.7
P mg/kg 2,000 7,000
K mg/kg 8,800 8,400
S mg/kg 1,600 2,600
Ca mg/kg 18,000 20,000
Mg mg/kg 3,300 3,700
Germination test % 100 100
Toxicity test 28 45

Soil analysis

Both composts resulted in increases in soil pH over time (Figure 2.4). It is typically observed
with compost application that soils tend to approach a neutral pH after repeated compost
application.

EQrid @RAC @ SGAC

3.3

M Control EMFWC70 EBISGWC70

2.9 A
2.7 A
2.5 A

pH (H20)

2.3 1

Total C (% wiw)

2.1 4
1.9 4
1.7 4

1.5
1 2 3 4

1 2 3 4
o Crop number

Figure 2.4. Effect of four applications of compost on  Figure 2.5. Effect of four applications of compost
soil pH. Means of 12 samples with s.e. bars. on soil C. Means of 12 samples with
s.e. bars.
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Figure 2.6. Effect of four applications of
compost on Olsen P. Means of
12 samples with s.e. bars.

14 | HControl
| BEFWC70
| BSGWC70

CEC (mequiv./100g)

Crop number
Figure 2.7. Effect of four applications of compost

compost on cation exchange capacity.
Means of 12 samples with s.e. bars.

Both composts also resulted in increases in CEC, which is normally associated with
increasing soil organic C as a result of repeated compost application (Figures 2.5 and 2.7).
Small increases in soil nutrient levels were also observed (e.g. Olsen P, Figure 2.6). A more
detailed table of soil analytical results in shown in Table 2.14.
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Table 2.14. Soil analytical data for the N-replacement trial. Results shown are the means and SD’s of 12 samples after each harvest. Samples were collected from the
compost treatments shown at low, mid and high rates of N application

Control FWC70
Analyte Units 1st crop 2nd crop 3rd crop 4th crop 1st crop 2nd crop 3rd crop 4th crop
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

pH 1:5 H20 5.58 0.3 5.58 0.37 5.96 0.47 5.67 0.26 5.48 0.19 5.6 0.27 6.12 0.32 5.96 0.28
EC dS/m 0.14 0.3 0.1 0.01 0.23 0.05 0.18 0.03 0.14 0.02 0.12 0.04 0.2 0.05 0.16 0.05
TSS % wiw 0.03 0.01 0.03 0 0.07 0.02 0.06 0.01 0.05 0.01 0.04 0.01 0.06 0.01 0.05 0.01
Total C % wiw 2.14 0.15 214 0.2 2.06 0.14 2.09 0.12 2.18 0.13 243 0.29 2.81 0.31 2,92 0.28
NH4-N mg/L 2.25 242 2.33 1.37 2.67 2.53 2.67 0.78
NOz-N mg/L | 39 32.41 37.25 18.85 16.75  21.34 17.42 16.54
Total N mg/kg 0.14 0.01 0.14 0.01 0.15 0.01 0.15 0.01 0.15 0.01 0.17 0.02 0.19 0.02 0.22 0.02
Ols P mg/kg 30.33 6.37 | 30.33 6.17 | 64.58 18.41 32.42 6.08 | 3242 6.14 | 40.83 7.95 | 70.08 14.85 | 48.25 8.86
EstK mg/kg 88.17 16.38 | 88.17 17.71 1925 47.31 |110.17 12.43 (12917 17.3 125.83 | 26.35 |257.5 39.57 |201.67 | 30.10
CPCS mg/kg 36.42 489 | 36.42 7.34 | 66.92 19.37 | 5142 10.39 | 31 42 | 4958 @ 20.36 | 51.17 18.56 | 45.67 14.53
Ex Ca meq/100 g 6.2 0.81 6.2 0.9 8.33 1.12 6.53 0.74 6.07 0.61 6.48 0.59 8.48 0.64 7.41 0.52
Ex Mg meq/100 g 1.26 0.21 1.26 0.21 1.28 0.17 1.34 0.18 1.26 0.13 1.5 0.19 1.55 0.2 1.77 0.17
Ex Na meq/100 g 0.13 0.02 0.13 0.03 0.16 0.02 0.22 0.03 0.19 0.02 0.21 0.05 0.22 0.04 0.36 0.05
Ex K meq/100 g 0.23 0.04 0.23 0.04 0.49 0.12 0.28 0.03 0.33 0.04 0.32 0.07 0.66 0.1 0.52 0.07
CEC meq/100 g 7.86 0.98 7.86 1.13 10.31 1.3 8.4 0.89 7.91 0.72 8.58 0.8 10.89 0.71 10.1 0.80
Ca:Mg 5 0.46 5 0.48 6.55 0.65 4.93 0.35 4.88 0.37 4.39 0.38 5.59 0.7 4.24 0.26
Ca % 79.83 117 | 79.83 153 | 81.5 0.9 78.42 116 | 77.83 1.11 76.42 1.62 | 78.08 1.88 | 74.33 1.30
Mg % 16.5 1.3 16.5 1.31 | 13 0.95 16.33 0.89 16.5 1 | 17.92 1.16 14.58 1.44 18 0.85
Na % 2 0.51 2 0 1.92 0.29 3.17 0.39 2.75 0.45 2.75 0.62 2.25 0.45 4 0.60
K % 3.33 0.43 3.33 0.49 5.33 1.07 3.83 0.39 4.67 0.65 4.08 0.79 6.5 1.17 5.58 0.67
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Table 2.14 continued ...

SGWC70
Analyte Units 1st crop 2nd crop 3rd crop 4th crop

Mean SD Mean SD Mean SD Mean SD
pH 1:5 H.0 5.55 0.34 5.83 0.34 6.65 0.18 6.11 0.22
EC dS/m 0.15 0.01 0.12 0.03 0.26 0.09 0.2 0.04
TSS % wiw 0.05 0 0.04 0.01 0.08 0.03 0.06 0.01
Total C % wiw 2.15 0.11 2.36 0.13 3.06 0.31 2.86 0.22
NH4-N Mg/L 2.08 0.29 2.25 0.62
NOs-N mg/L 14.58 13.17 33.58 17.7
Total N mg/kg 0.15 0.01 0.17 0.01 0.22 0.02 0.21 0.02
Olsen P mg/kg 30.5 8.2 36.83 8.36 81.5 12.24 455 8.76
EstK mg/kg 130 18.59 140.83 26.1 425 53.85 230 40.9
CPCS mg/kg 33.58 8.73 35.83 14.6 63.5 22.5 46.17 9.75
Ex Ca meq/100 g 6.35 0.77 6.89 0.69 10.54 0.84 8.15 0.74
Ex Mg meq/100 g 1.39 0.16 1.53 0.16 1.95 0.19 1.82 0.17
Ex Na meq/100 g 0.19 0.02 0.21 0.04 0.23 0.04 0.37 0.04
Ex K meq/100 g 0.33 0.05 0.36 0.07 1.09 0.14 0.58 0.1
CEC meq/100 g 8.3 0.92 8.99 0.77 13.92 1.16 10.91 1.08
Ca:Mg 46 0.32 4.57 0.32 5.48 0.48 4.54 0.17
Ca % 7717 1.47 7717 1.34 76.83 1.47 75.17 1.11
Mg % 17.25 0.87 17.42 1 14.33 0.98 17.17 0.58
Na % 2.75 0.45 2.67 0.49 2 0 3.75 0.45
K % 4.42 0.67 4.33 0.78 8.25 1.14 5.67 0.98
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Conclusions

These results have shown modest improvements in soil conditions following the application
of composted soil amendments to heavy soils at DPI Knoxfield. These improvements did not
result in consistent increases in crop productivity because crop growth was often
compromised by either compost quality, weeds and diseases and bird damage. As a result
of these factors, the capacity to measure the contributions of the composted amendments to
crop N nutrition was compromised. Given that the quality of the compost did not live up to
expectations in most cases, it would have been unlikely that improvements in N nutrition
would have been seen over only four applications of compost.

The work highlights again the paramount importance of compost quality to enable their
beneficial use in vegetable production. Whilst improvements to quality still need to be made,
the soft green waste (SGW) compost in particular, could be a useful soil conditioner for
vegetable production. This product was usually free from contamination, despite the fact that
the feedstock for it (mainly grass clippings) is collected in mobile garbage bins (MGB’s) from
households. Many compost producers are reluctant to accept this material for fear of high
levels of contamination.

SGWC consistently out-performed the food waste compost (FWC) in the trials, and though
improvements to quality and consistency still need to be made, the analysis of the SGWC
was often close to desired specifications. This is a promising finding given that green waste
is likely to remain the most important component of organic waste feedstock for composting
in the metropolitan areas around Australia. However, distinction needs to made about the
different sources of green waste. Other types of green waste are more woody in nature and
need to be composted for longer periods or need to be more finely screened (Western
Australian and Californian experience suggests 10 to 12 mm screens (Paulin 2001;

Paulin et al. 2002)) to make a product suited for vegetable production.

In these trials, the food waste compost (FWC) was more likely to have caused N-drawdown
more often than the SGW compost. Food wastes are relatively high in moisture content and
must be blended with drier bulking agent prior to composting. This has often meant that the
FW compost had a relatively high C:N ratio and a propensity to drawdown N. With the
proper attention to process management, these composts can also be manufactured into
high quality composts.

The FWC highlights an important barrier that must be overcome with respect to compost
production, viz the tension between the objectives of efficiently managing wastes and the
quality requirement of the end product. These two objectives are often in conflict because
the demands of composting many waste streams, especially those that are high in nutrients
or moisture may compromise the quality of the end product for a particular purpose.
However, in this case, the compost may be highly suitable for other applications. Thus a
better understanding of the relationship between sources of waste streams, compost
processes and fit for purpose applications is needed.
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SECTION 3 — SYSTEMS TRIALS — WESTERN AUSTRALIA

Introduction

Continuous crop rotations, intensive management including extensive use of rotary
cultivation and coarse sand texture of the Swan Coastal Plain explain the universally low soil
carbon levels and poor soil fertility.

The nature of these soils (Coarse Sands more correctly), the Mediterranean climate with
associate warm to hot summer temperatures and current management practices require
relatively large amounts of fertiliser and irrigation. The legacy of these practices can be very
high levels of nitrates and in some situations, phosphorus in the groundwater. The impacts
of phosphorus are usually minimised by the ability of the preferred coloured sands to bind
phosphorus. This phosphorus sorbtion is associated with the presence of Aluminium, Iron
Sesquioxide content of these soils that is also responsible for their colour. However, more
importantly, these potential impacts and particularly those of nitrogen on groundwater quality
have been masked by urbanisation that continues to be associated with the rapid growth of
Perth. Typically, vegetable production areas have been urbanised every 10 to 20 years.

The System ftrial site was established to investigate management practices that would
maximise the potential benefits of using compost and the use of clay was selected because it
would improve the soils physical character and potentially improve soil organic matter
accumulation.

The reuse of significant volumes of reclaimed water (treated water from metropolitan sewage
treatment) is a major component of water conservation strategies around Australia and
because of their location, vegetable production is usually well placed to utilise this resource.
This already occurs on the Virginia Plains North of Adelaide and in Perth, recharging aquifers
currently used for vegetable production is being considered. A major advantage of this
process will be savings in infrastructural costs necessary to deliver this water to individual
farms and to minimise further treatment requirements. Ground water recharge and
subsequent extraction for food production is currently practiced in Israel and California.

The investment necessary in recharging groundwater will necessitate a change to
urbanisation practices and is already promoting the establishment of permanent
agricultural/rural precincts. As a consequence, the long term management of ground water
will become a greater issue and the development of practices that conserve and increase soil
organic matter will add to the potential for managing these risks by further increasing the
potential to better manage irrigation and fertiliser.

Materials and methods

The site was established to compare three independently irrigated treatments. Plots, 18 m
by 6 m wide, were replicated four times. With four beds per plot, sampling and harvesting
was carried our within the inner two beds bed. The site was fumigated with Metham Soil
Fumigant (Metham 423 g/L) prior to commencing the trial program.

The site was comprehensively soil sampled prior to the application of amendments when
twelve samples per plot at three depths were collected using standard sand augers and the
averaged results are provided in Table 3.1. All samples were analysed at the Government
Chemistry laboratories in Perth. Top 15 cm of soil in individual treatment replicates were
subsequently sampled immediately after establishment of the first, third and final trial (S-1,
S-3 and S-5). With the final sampling, the 15 to 30 cm depth was also included.
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Table 3.1. Soil analysis prior to trial establishment

Sample depth (cm)
Analyt

0-15 15-30 30-45
Ec 1.67
pH 6.99
P (PRI)* 1.56 1.52 1.64
Total N 0.02 0.02 0.01
P Total 31.42 32.58 28.00
P (HCO3) 3.17
K (HCO3) 10.50 10.00 <10
Ex Ca 1.35
Ex Mg 0.16
Ex Na 0.06
Ex K 0.02

*  Phosphorus retention index.

Irrigation was established with traditional ‘butterfly’ sprinklers because their large droplet size
and high precipitation rate provide the best possible distribution uniformity. Eight sprinklers
per plot were installed around the perimeter of each plot.

Automatic irrigation control was provided to
each treatment using Electronic tensiometers.
A set of three tensiometers were installed at
15, 30 and 45 cm depth in each treatment and
logged at 15 min intervals to monitor soll
moisture changes and guide the overall
irrigation management program. The irrigation
was managed in response to pre set moisture
levels at two depths in order to allow both
moisture level and watering depth to be
managed. Although varied, these monitoring
depths were normally set at 10 to 15 cm and
25to 30 cm.

TDR’s (Time Domain Refractometers) were
also installed to one replicate of each
treatment to provide additional soil moisture
monitoring.

In conjunction with the tensiometers,
lysimeters similar to those installed at the

Fertiliser replacement trial site and rain gauges were installed so that both irrigation and

fertiliser utilisation could be monitored.

L] L[] [2] [s]
[ 2fe m a] e[ 1] [ 2]
<+ 18
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System Trial site

Systemsite —three independently imgated treatrments
1. Best inorganic practice
2. Conpost @30nT/halarop

3. Cay @200t/ha + compost @
30nt/halcrop

Three fertiliser replacerment trials
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The lysimeters were pumped out weekly to determine leaching losses and sub samples were

frozen for later nutrient analysis.
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Treatments

The three treatments selected at the system site were:

o Soil amended with 200 t/ha clay prior to commencement of the trial program to raise
the clay content to 5%. In addition to the clay, compost at 30 m*/ha was applied prior
to the establishment of each crop.

o Compost at 30 m*/ha applied prior to each crop; and
o Standard inorganic management.

Based on research with claying agricultural soils (Carter 1998), 200 t/ha of clay was applied
and incorporated to a depth of 30 cm in order to achieve a 5% clay content.

Clay was obtained from a local pit operated by Alcoa Australia and was spread and
incorporated on 8 August 2002. The clay used was typical of the transitional clays found on
the coastal plain and they have a reasonable cation exchange capacity due to a significant
expanding clay content of mainly Smectite (Table 3.2).

Table 3.2. Analysis of clay used at System trial site

Ec (1:5) pH (CaCly) % Sand % Silt % Clay CEC (NH4CIl) me%
61 5.8 29 12 59 36a

Crop management

The basic management practices for trials at the Medina research Station involve typically
three rotary cultivations per trial.

Fertiliser

Phosphorus requirements as Double Super together with a standard trace element mix were
applied in a single application prior to establishing each trial. Rates of phosphorus were
bases on soil analysis and compost contributions.

The standard trace element mix provides the following, expressed as kg/ha:

Magnesium Sulphate 56.0 Manganese Sulphate 50.4
Borax 33.6 Iron Sulphate 33.6
Copper Sulphate 33.6 Zinc Sulphate 28.0
Sodium Molybdate 2.24

Nitrogen, as Urea, potassium usually as Potassium Nitrate and magnesium as Magnesium
Sulphate applied at weekly intervals using either tractor mounted boom spray or occasionally
by hand using watering cans. They were combined to achieve required weekly application
rates and applied in 1000 L/ha of water to minimise the possibility of foliage damage. The
weekly rates for the first four crops (S-1 to S-4) were adjusted in accordance with a schedule,
outlined in Table 3.3 and based on crop development and growing cycle. The final crop of
lettuce (S-5) received a modified program that had been developed in conjunction with
Lettuce industry development project VG99004 (Phillips 2003). This program was developed
from work to replace grower use of raw poultry manure that a number of lettuce growers are
still heavily dependent on. Essentially the program applies nitrogen and potassium twice
weekly, using foliar spray, during the initial two weeks of crop establishment which is the
period when they are vulnerable to nutrient leaching from rainfall and excessive irrigation.
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Table 3.3. Distribution of fertiliser application over life of five crops grown at the system site

Weekly fertiliser application as % of total
Week N°. Carrot Lettuce Broccoli S- Carrot Lettuce
S-1 S-2 3 S-4 S-5
Sowing/planting 1.25 0.0 0.0 0.0 5.0
2 25 5.0 5.0 2.0 8.0
3 3.0 8.0 8.0 2.0 27.0
4 4.0 10.0 10.0 3.0 20.0
5 5.0 10.0 10.0 4.0 20.0
6 7.0 12.0 12.0 6.0 20.0
7 8.0 12.0 12.0 7.0
8 9.0 12.0 12.0 8.0
9 9.5 10.0 10.0 10.0
10 10.5 8.0 8.0 12.0
11 11.5 45 4.5 14.0
12 11.0 0.0 0.0 13.0
13 9.25 0.0 0.0 11.0
14 6.0 8.0
15 25 0.0
16 0.0 0.0
Irrigation

During the initial crop establishment period, normally the first week, the irrigation was applied
three times each day to supply 100% of evaporation measured in a standard pan (Epan).

Automatic irrigation was then used. During the weeks 2 and 3, the 15 cm tensiometers at a
depth of 10 cm and irrigation was triggered twice each day when soil moisture tension
reached -5 centibars and the volume was applied to a calculated 50% of the Epan. A further
watering was triggered when the 30 cm tensiometer reached -8 centibars.

From week 4 to harvest, the upper tensiometer was reinstalled to 15 cm depth and the
irrigation triggering managed as per weeks 2 and three.

Pest and disease management

Insecticide, fungicide and herbicides application followed standard practices at the Medina
Research Station and targeted the problems listed in Table 3.4.

Nematodes were a significant undetected problem prior to trial establishment and while the
pre trial fumigation had some effect, they had a major impact on the first carrot crop. The
decision was therefore made to use the soil fumigant Telone C-35 (345 g/L Chlorpicrin plus
615 g/L 1, 3—Dichloropropene) prior to the second crop.
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Table 3.4. Pest and disease concerns and their treatment

Crop

Weed, Pest/disease

Treatment®

S-1 and S-4 Carrot
Summer

S-2 and S-5 Lettuce
Autumn

S-3 Brocolli
Winter - spring

Weed control: At planting.
Disease control: Nil
Pests: Nil

Weed control: At planting.

Disease: Sclerotinia (Sclerotinia
sclerotiorum)

Pests: Nil

Weed control: At planting.

Disease: Nil

Pests: Diamondback moth (Plutella
xylostella)

Herbicide:

1.1 L/ha Afalon, (450 g/L Linuron) plus
2.0 L/ha Triflualin

Herbicide:

3 L/ha Kerb (500 g/L Propyzamide)
Fungicides:

500 g/L Sumisclex (500 g/L Procymidone)
2 L/ha Bavistin (500 g/L Carbendazim)
1.6 kg/ha Mancozeb (750 g/kg Mancozeb)
Acrobat (600 g/kg Mancozeb + 90 g/kg
Dimethorph)

Herbicide:

6 kg/ha (Dacthal (900 g/kg Chlothal
Dimethyl)

Fungicide:

Sumisclex (500 g/L Procymidone)
Insecticide:

500 g/ha Xentari, Bacillus Thuringiensis
500 g/L

Harvesting

The cropping sequence together with planting and harvesting times is provided in Table 3.5.
Crop performance was measured as total and marketable yields from either a single harvest
or over a sequence of harvests and the results presented as tonnes per ha (t/ha).

Table 3.5. Crop sequence at the System trial site

Crop Planted Harvested
S-1 Carrot 23 October 2002 20 February 2003
S-2 Lettuce 8 April 2003 3 June 2003
S-3 Broccoli 7 August 2003 20 October 2003
S-4 Carrot 17 November 2003 10 March 2004
S-5 Lettuce 1 April 2004 20-25 May 2004

Results and discussions

Information is presented for each crop covering
fertiliser and pest management, compost quality, crop performance as total and marketable

yield, plant and for selected crops, soil nutrient analysis and irrigation. Nitrogen leaching was
only assessed for the final two crops (S-4 and 5). Brief discussions of the results are also

presented with each trial.

Carrots, crop S-1

System trial, lettuce harvesting, note
Casuarina cunninghamians shelter.

The initial carrot crop, variety Stefano was sown on the 23 October 2002 and was harvested

on the 20 February 2003.
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Growing conditions

Typical summer growing conditions were experienced with warm to hot weather and very
little rainfall. These conditions and the application of irrigation are summarised as weekly
averages in Figure 3.1A and 3.1B.

C—JIRRIGATION [ RAIN EVAPORATION  —4— Maximum temp. —7Z— Minimum temp.
31- 7- 14- 21- 28- 5 12- 19-
Oct Nov Nov Nov Nov Dec Dec Dec
70 L 35
60 A 30 o
= ml 5
v 30 — — B F2s 0 ®
8 _ — — B =
T 40 — 20 €
g ] — — 5}
= 1 ] A s 5
—= 30 A [ A g_)o
> Al )
20 10 &
>
10 5 <
I e e e s e e et
& 2 g & 72 g & 7 g & 2 g & B g & B g & v g & B g
LS fEif:iEiif:iiEciiiiifo:c
S ES S 5SS ESS ESS ESS ESS EC S ECS
3 Q % Q = o = o = @] = @] = @] = @]
= = = = = = S =
@) @) @) @) @) @) o o

Figure 3.1A. Average weekly weather conditions and irrigation application for the late October to late
December period of the initial carrot crop at the system site.
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Figure 3.1B. Average weekly weather conditions and irrigation application for the late December to
February period of the initial carrot crop at the system site.

Fertiliser program

In addition to the fertiliser program outlined in Table 3.6, 320 kg/ha of the standard trace
element mix was applied. This was broadcast and incorporated with a rotary cultivator to
15 to 20 cm depth prior to crop establishment in conjunction with the application of Double
Superphosphate.
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Table 3.6. Fertiliser application to Carrot crop S-1 at the System site

kg/ha
Week N°.
P N K Mg Borax
Compost + clay 320.0 299.9 234.8 Nil 15.1
Compost 110.0 299.9 234.8 Nil 15.1
Control 180.0 299.9 13.4 22.9 0.9

The rates of phosphorus applied reflect the anticipated influence of applying 200 t/ha of clay
on its absorption by the soil and the contribution from compost.

Pest, disease and weed management

The crop was severely affected by nematodes (Meloidogyne javanica) that disfigured the
carrots and resulted in marketable yields well below commercial expectations.

Apart from nematodes, there were no pest and disease problems and the standard pre-
emergent herbicide (Afalon® plus Triufluralin®, Table 3.5) was applied following sowing the
crop on 23 October 2002.

Compost quality

The compost quality used for the initial carrot trial was marginal (Table 3.7) with most
aspects considered to be important, being outside of the specifications that have been
developed. In particular there are indications that the compost was immature because the
soluble nitrogen was dominated by ammonium nitrogen (NO3/NHj, ratio less than 0.10).

Table 3.7. Compost applied to Carrot crop S-1 at the system site

Carbon Nitrogen
Analyt Nitrogen | Drawdown | Toxicity Ni-{::)ta:an NNH(; * N?;{:iH“
ration Index g 3
Critical value <20 > 0.5 > 60 >1.0 > 100 >0.14
Compost S-1 25 0.37 100 1.2 78 <0.10

See Appendix 3.1 (Compost 10A) for more detailed analysis of all composts used at the
system trial site.

Harvest, crop S-1

The carrots were hand harvested on the 20 February, washed and assessed for total and
marketable yield (Grade A,B), and the results are summarised in Table 3.8. Categories of
rejects were assessed and apart from nematode damage that caused enlarged lenticels, the
main defect was forking. While the nematodes possibly added to this problem, it is usually
attributed to Cavity Spot, a complex disorder that has a number of causes that include
disease (Pythium spp.) and soil quality issues (Galati 1996).

Total yield was not affected by treatment, however marketable yield was significantly
reduced (P = 0.01) by the application clay.
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Table 3.8. Total and marketable carrot yields (t/ha) from the first crop at the System trial site at the
Medina Research Station

Harvested crop (t/ha)
Treatment
Total Marketable % Forked
Clay plus compost 76.26 17.2 34.4
Compost 73.01 30.5 9.9
Control 77.54 34.4 12.5
Isd (1%) ns 8.6 16.5

Soil analysis

The trial site was sampled immediately after planting and the results are provided in

Table 3.9.
Table 3.9. Soil analysis (top 15 cm) at planting of first crop on the System trial site (Treatment Means)
Analyte Compost + clay Compost Control Isd 5%

Ec (1:5 H20) 12.25 7.25 5.75 1.63
pH (CaCly) 6.80 6.82 6.55 ns
Org C %WB na na na na
N Total %db 0.032 0.024 0.016 0.006
NOs + NH4 mg/kg 2.0 1.0 1.0 0.82
P Total mg/kg 165 131 84 50
P (HCOs) mg/kg 102 50 44 23
PRI % -1.18 -0.75 -1.15 0.63
K (HCO3) mg/kg 54 43 9 21

The addition of clay caused a slight increase in electrical conductivity. Compost and clay
increased soil total nitrogen and plant available N present as nitrate. The additional
Phosphorus fertiliser added to the clay treated plots increased total and bicarbonate
extractable phosphorus to levels know to achieve maximum yields in carrots. Levels in the
compost and control plots were marginal and an extra 50 kg/ha of phosphorus as phosphoric
acid was applied four weeks into the crop. The PRI of all treatments indicated that the soll
was saturated with phosphorus and P was freely available for plant growth.

Foliar analysis

The results of the youngest fully matured leaves, collected at harvest and analysed by
Government Chemistry Centre in Perth, are presented in Table 3.10.

There were few treatment differences in the carrot foliage nutrient levels and apart from low
copper and particularly manganese levels, they are generally within the recommended range
for the nutrients analysed.
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Table 3.10. Analysis of youngest fully matured carrot leaf at harvest

Analyt Com'::f:; plus Compost Control Isd (5%) Adequate
% dm
3.18 3.15 3.05 ns 2.0-35
0.36 0.29 0.30 0.04 0.2-0.35
3.35 4.10 3.86 0.52 2.5-4.5
Ca 2.34 2.26 2.32 ns 1.4-3.0
Mg 0.48 0.34 0.36 0.06 0.3-0.55
S 0.31 0.30 0.30 ns 0.32-0.63
Na 0.81 0.51 0.58 0.20 0.66-4.5
mg/kg
Cu 4.67 4.25 2.98 0.78 10-25
Mn 24.50 21.20 23.50 ns 130-350
Zn 22.50 17.00 17.50 4.80 20-50
B 50.50 53.20 56.00 2.20 30-80
Fe 235.00 198.00 210.00 ns 120-350

*

Isd - Least significant difference P = 0.05.
** Reuter, D.J. and Robinson, J.B. Plant analysis second edition CSIRO Publishing 1997.

Irrigation

Irrigation applied in response to soil moisture levels was recorded by flow meters and are
provided in Table 3.11 along with averaged leachate information. The leachate is expressed
as a percentage of the quantity of irrigation plus rainfall that was collected in the rain gauges
that were located adjacent to each lysimeter.

Table 3.11. Irrigation applied to the carrot crop S-1 and the leachate collected at the System site

Applied irrigation Leachate collected
Treatment
Total (kL/ha) % Saving % of application % Reduction
Compost + clay 11,296 114 10.1 49.5
Compost 12,289 3.7 234 -16.8
Control 12,754 0.0 20.1 0.0
Discussion

The relatively poor quality compost had no significant effect on total carrot yield, Clay
treatment significantly reduced marketable yield (P = 1%) and is likely to have been the result
of experimental design and nematode distribution. A survey of nematode damage indicated
that it was most severe along the northern boundary of the trial site and of the four plots
involved, two were clay treated. Of the 24 sub-samples harvested from these plots, seven
had no marketable carrots. Six of these were from two of the four Clay/compost treated
plots.

In terms of irrigation demanded, the results indicated that the clay plots received over 10%
less irrigation and percentage leachate collected was almost 50% less than the control plots.
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The impact of compost alone was much less and could not be considered different from the
control treatment.

Lettuce, crop S-2

Although the continuing presence of nematodes was not a problem for lettuce, it was decided
to re-fumigate the site prior to establishing the second crop at the System site. The lettuce,
variety Magnum, was planted on the 8 April 2003.

Growing conditions

Significant rainfall was experienced during the 55 day lettuce crop and irrigation was reduced
due to the combination of rain and reduced evaporation. These conditions and the
application of irrigation are summarised as weekly averages in Figure 3.2.

CJIRRIGATION N RAIN EVAPORATION  —&— Maximum temp. —— Minimum temp.

17- 1- 15- 29-

Apr May May May
80 + + + + + + + + + + + + + + + + + + + + + + + + + + 30
70
- 25
O
60 | B ©
175} 1 N
205
O 50 g
46 Q
E 40 A 15 €
= =
A A <
i X I I 5.0 ammm I 5
20 X X X XX @ ¥ E
10 4 BY BX 5
|n ﬂ
mininininil slmin
0 \ \_\H\ ‘_‘u‘ ‘_,‘u‘ \_\ﬁ\ \_\\ \_ \\\\‘_.\ \_\\\_ 0
¢ 2 g ¢ %2 g & %Z g & %2 g 8% 2 g% g ¢ % g gz g & o8
E o i= =] o = E o =] E o =] E o E= E (=9 = E [=7 = =] [=7 =1 E o =]
£ & §E £ 5 § £ 5 &8 £ 8 E £ 8 §E E 8 E g8 8 §E g 8 § £ 8
LO) Q © @) s © @] Q © @] s © Q < © O Q © @} Q © o Q © @] < ©
3 © s © s © s © s © s © E s s ©
= = = = = = = = =
@] @] @] @] @] @] @] @] @]

Figure 3.2. Average weekly weather conditions and irrigation application for the initial lettuce crop (S-2)
at the system site.

Fertiliser management

In addition to the fertiliser program outlined in Table 3.12, 320 kg/ha of the standard trace
element mix was applied. This was broadcast and incorporated with a rotary cultivator to
15 to 20 cm depth prior to crop establishment in conjunction with the application of Double
Superphosphate.

Table 3.12. Fertiliser application to first lettuce crop (S-2) at the System site

kg/ha
Week N°.
P N K Mg Borax
Compost + clay 332.0 349.60 340.00 Nil 15.10
Compost 253.0 349.60 340.00 Nil 15.10
Control 290.0 349.60 400.00 25.00 15.38
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Pest, disease and weed management

There were no pest or disease problems encountered during the life of the crop. The
herbicide Kerb® was applied after transplanting the seedlings on the 9 April 2003.
Compost quality

The compost quality in the lettuce trial (Table 3.13) was an improvement over that used in
the previous trial, there were still indications that the compost was immature because of the
low Nitrogen Draw Down and high ammonium nitrogen levels resulting in the low NO3/NH,
ratio value. Toxicity was also high.

Table 3.13. Compost applied to the first lettuce crop (S-2) at the system site

Carbon Nitrogen
Analyt Nitrogen | Drawdown | Toxicity Ni-:-::)ta:en N,‘Il-l 6 * N?;ii":)H“
Ration Index 9 3
Critical value <20 >0.5 > 60 >1.0 > 100 >0.14
Compost S-2 18 0.36 <5.0 1.7 300 <0.10

See Appendix 3.1 (Compost 11A) for more detailed analysis of all composts used at the
system trial site.

Harvest, crop S-2

A successful crop of iceberg lettuce was grown following the re-fumigation of the site.
Harvested weights are presented in t/ha Table 3.14. Total weights represented the above
ground plant and all outer leaves were removed, as in the preparation of commercial export
lettuce, to give the head weight.

Table 3.14. Total and marketable lettuce yields (t/ha) from the second crop (S-2) at the System trial site

Treatment Total Head % Head wt
Compost + clay 82.58 45.81 55.5
Compost 75.61 45.77 60.6
Control 71.84 41.70 58.1
Isd (P 5%) 2.01 1.306 1.2

Lettuce above ground plant weight and marketable head weights were significantly increased
(P = 0.05) by the application of compost. When compared to the compost alone treatment
the addition of clay reduced the percentage marketable head weight, but increased total
weight of lettuce.

Foliar analysis

The results from nutrient analysis of outer wrapper leaves that were collected at harvest and
analysed by Government Chemistry Centre in Perth, are presented in Table 3.15.

Nutrient values tended to be higher in lettuce grown with compost plus clay, however with the
exception of zinc; the minor nutrients and calcium values were below the recommended
range.
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Table 3.15. Analysis of outer wrapper leaves collected at harvest of lettuce from the second trial at the

System site
Analyt Com?:?:; plus Compost Control Isd* (5%) Adequate**

% db

N 3.68 3.21 3.44 0.39 3.3-4.0

P 0.70 0.59 0.62 0.05 0.4-0.6

K 6.04 6.89 6.07 0.55 5.0-8.0

Ca 1.00 1.08 0.99 ns 1.4-2.0

Mg 0.38 0.30 0.32 0.02 0.3-0.7

S 0.23 0.25 0.26 ns 0.3-0.32

Na 0.813 0.66 0.73 0.07 0.5-1.0
mg/kg

Cu 6.3 6.30 5.3 ns 10- 18

Zn 442 30.0 33.5 ns 25- 55

Mn 37.0 29.8 34.5 ns 50-500

B 28.5 28.3 27.5 ns 50-300

* Isd - Least significant difference P = 0.05.
** Reuter, D.J. and Robinson, J.B. Plant analysis second edition CSIRO Publishing 1997.

Irrigation

Irrigation applied in response to soil moisture levels are provided in Table 3.16 for each
treatment along with the percentage irrigation plus rainfall that was collected in the lysimeters
under each of the four treatment replicates.

Table 3.16. Irrigation applied to the lettuce crop S-2 and the leachate collected at the System site

Applied irrigation Leachate collected
Treatment
Total (kL/ha) % Saving % of application % Reduction
Compost + clay 10,430 40.1 47.5 12.8
Compost 15,880 8.8 55.0 -1.0
Control 17,410 0.0 54.4 0.0

Large savings (40%) in irrigation were provided by the compost plus clay but saving
associated with compost alone were small. The high percentage of the rain gauge readings
collected in the lysimeters compared to the previous crop indicate the season and the
accompanying lower evaporation combined with higher rainfall.

Discussion

The lettuce produced in this second System trial were very high quality (Figure 3.3) and both
compost treatments produced significantly higher yields (P = 0.05) of marketable heads.
There were also differences due to the addition of clay and while there is a suggested
increase in above ground plant weight, the clay significantly reduced the head weight
compared to the compost alone treatment.

It is possible that the addition of clay had delayed lettuce development and that the
marketable yield could have been further increased if we had delayed harvest a few days.
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Irrigation savings in the order of 40% were achieved with the compost plus clay treated plots
and was largely due to the clay. The increased savings compared to the previous carrot crop
(10%) that was grown through the summer period of high evaporative demand is likely to
reflect the reduced irrigation frequency that is the result of both improved soil moisture
holding associated principally with the clay and the reduced evaporative demand.

Control General view of trial site prior to harvest Clay + compost

Figure 3.3. Treatment differences in lettuce a few days before harvesting the second System site trial.

Broccoli, crop S-3

The third crop at the System site, broccoli, variety Mammoth, was planted on 7 August 2003
and was harvested on 20 October 2003.

Growing conditions

Reasonable rainfall was experienced during the 73 day broccoli crop and irrigation was
significantly reduced due to the combination of rain and reduced evaporation. These
conditions and the application of irrigation are summarised as weekly averages in Figure 3.4.
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Figure 3.4. Average weekly weather conditions and irrigation application for the initial carrot crop at the
system site.
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Fertiliser program

In addition to the fertiliser program outlined in Table 3.17, 320 kg/ha of the standard trace
element mix was applied. This was broadcast and incorporated with a rotary cultivator to
15 to 20 cm depth prior to crop establishment in conjunction with the application of Double
Superphosphate.

Table 3.17. Fertiliser application to broccoli crop S-3 at the System site

o kg/ha
Week N°.
P N K Mg Borax
Compost + clay Nil 349.56 239.20 Nil 14.3
Compost Nil 349.56 239.20 Nil 14.3
Control 25.0 347.66 297.38 20.95 15.38

Pest, disease and weed management

There were problems encountered during the life of the crop. The biological insecticide,
Xentari® was applied to control Diamondback moth (Plutella xylostella) on 26 September
and 3 October 2003.

Dacthat® was applied for weed control following transplanting on 8 August 2003.

Compost quality

The compost quality in the broccoli trial (Table 3.18) was very close to the specifications for
vegetable crop use.

Table 3.18. Compost applied to broccoli crop S-3 at the system site

Carbon Nitrogen
Analyt Nitrogen | Drawdown | Toxicity NiIlf::aLn NNH(; * N?;QLH"
Ration Index 9 3
Critical value <20 >0.5 > 60 >1.0 > 100 >0.14
Compost S-3 20 0.47 58 1.5 130 16

See Appendix 3.1 (Compost 12A) for more detailed analysis of all composts used at the
system trial site.
Harvest

A successful crop of broccoli was grown and harvested weights are presented in t/ha
Table 3.19.

Table 3.19. Marketable broccoli yields (t/ha) from the third crop at the System trial site at the Medina
Research Station

Treatment Marketable crop (t/ha) | Average head wt (g) | % increase in crop
Compost + clay 11.24 368.8 40.3
Compost 9.84 ' 330.2 228
Control 8.01 266.2 0
Isd 1% 1.17 7.9
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Total and marketable broccoli head weights were significantly increased (P = 1%) by the
application of compost and the clay amended plots increased the marketable crop by 40%
compared to 23% with compost alone. This increase was the result of increased head
weights.

Soil analysis

The trial site was sampled immediately after planting and the results are provided in

Table 3.20. Soil bulk densities and volumetric moisture levels were determined 3 weeks
after planting using procedures contained in the Department’s ‘Manual of Field Techniques in
Hydrology’ (Department of Agriculture Misc. Publication 37/91).

Table 3.20. Soil analysis (top 15 cm) at Planting of Broccoli on the System trial site (Treatment Means)

Analyte Compost + clay Compost Control Isd 5%
Ec (1:5 Hx0) 9.0 7.25 4.0 1.26
pH (CaCly) 6.9 7.0 6.73 0.15
Org C %WB 0.48 0.34 0.34 0.14
N Total %db 0.035 0.023 0.017 0.005
NO3z + NHs mg/kg 9.25 7.00 3.75 1.04
P Total mg/kg 218.0 145.0 113.0 13.2
P (HCO3) mg/kg 102.5 73.0 58.2 13.1
K (HCO3) mg/kg 101.8 78.3 15.8 10.2
Mehlich N°. 3 extraction ( mg/kg)
Ca 765.0 515.0 435.0 ns
Mg 95.0 36.0 25.0 8
Fe 115.0 86.5 90.5 16
S 12.0 7.5 3.0 45
Cu 41 4.0 3.7 ns
Zn 8.0 6.9 6.0 ns
Mn 11.0 11.5 9.5 ns
B 0.45 0.20 0.35 ns
Mo 0.09 0.08 0.08 ns
Na 15.5 8.5 1.0 5.7

The soil carbon levels were very low at this site, however they increased significantly

(P =5%) from 0.34 to 0.48% with the application of clay. Soil fertility and other attributes
increased with both compost and compost plus clay treatments with the largest increases
associated with the addition of clay.

Apart from a significant (P = 5%) increase in bulk density associated with the clay plots, bulk
densities have not increased, Table 3.21.

Table 3.21. Soil bulk density at three soil depths after two crops at the System site

Soil depth cm
Treatment

10-15 25-30 40-45
Compost + clay 1.635 1.620 1.569
Compost 1.539 1.548 1.577
Control 1.549 1.542 1.565
Isd 5%
Within Treatments and Depth 0.016
Treatment x Depth 0.028
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Clay had a considerable impact on volumetric soil water holding capacity, Table 3.22 shows
compost plus clay almost doubled the volumetric water holding capacity in the top 15 cm of
soil, however the small indicated increase associated with the compost only treatment was
not significant (P = 5%).

Table 3.22. Volumetric soil moisture at three soil depths after two crops at the System site

Treatment Soil depth cm
10-15 25-30 40-45

Compost + clay 16.69 18.82 7.46
Compost 9.1 9.01 7.09
Control 8.42 8.87 6.78
Isd 5%

Within Treatments and Depth 1.09

Treatment x Depth 1.89

Foliar analysis

The results from nutrient analysis of outer wrapper leaves that were collected at harvest and
analysed by Government Chemistry Centre in Perth, are presented in Table 3.23.

Table 3.23. Analysis of youngest fully matured broccoli leaves collected at harvest from the third trial at
the System site

Analyt Co";g;ﬂ * Compost Control Isd 5% Normal
% db
N 4.96 4.57 4.63 ns 4.5-4.8
P 0.70 0.62 0.64 ns 0.8-0.9
K 3.76 3.62 3.70 ns 3.5-4.2
Ca 1.23 1.10 1.10 ns 2.9-3.1
Mg 0.21 0.17 0.18 ns 0.48-0.54
S 1.21 1.14 1.20 0.01
Na 0.15 0.17 0.18 ns
mg/kg
Cu 5.00 4.45 4.53 ns 3.0
Zn 44.50 42.00 42.00 ns 45-95
Mn 16.50 17.25 18.75 ns 25-150
B 34.25 32.50 34.25 ns 30-60
Fe 78.25 80.50 80.50 ns
Mo 50.00 58.75 58.75 ns 0.3-0.5

* Isd - Least significant difference P = 0.05.
** Reuter, D.J. and Robinson, J.B. Plant analysis second edition CSIRO Publishing 1997.

There were very few differences in nutrient levels between treatments and of the minor or
trace elements, manganese continued to be very low in all treatments. It was therefore
unlikely that yield improvements were attributable to nutrient effects.

High levels of Molybdenum (~ 60 mg/kg) were recorded in all treatments. Because of
concerns over low copper and manganese levels the standard Medina Trace element mix
was broadcast before all three previous crops.
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The Medina Trace element mix applies 2000 g of Sodium Molybdate (42.5% Mo) or 850 g of
Mo per hectare. The recommended application for wheat in WA is 75 g Mo per hectare and
we were adding more than 10 times this. We can calculate that 850 grams in the top 25 cm
of soil will give soil concentrations of 0.227 mg Mo/kg and it is suggested that plant toxicities
are likely at extractable levels above 0.2 mg/kg at soil pH above 6.8. The Medina site is
running at 6.9 (CaCl,) and while Molybdenum was not tested for in the pre plant soil analysis
(Table 3.1), the leaf analysis results suggest that levels were potentially getting too high.

Irrigation

Irrigation applied in response to soil moisture levels are provided in Table 3.24 for each
treatment along with the percentage irrigation plus rainfall that was collected in the lysimeters
under each of the four replicates per treatment.

Table 3.24. Irrigation applied to the broccoli crop S-3 and the leachate collected at the System site

Applied irrigation Leachate collected
Treatment
Total (kL/ha) % Saving % of applied % Reduction
Compost + clay 1692 23.0 40.3 141
Compost 2284 -3.9 44 1 6.1
Control 2198 0.0 46.9 0.0

Irrigation savings were again associated with the compost + clay treatment and were smaller
than the previous savings with the second lettuce crop.

Discussion

As with the previous trial, the broccoli produced was of very good quality and both compost
treatments produced significantly higher yields (P = 0.01) of marketable heads. The addition
of clay effectively doubled the increase associated with the compost on its own.

The impact of both compost treatments was most visibly demonstrated during seedling
establishment when the compost plus clay treatment in particular exhibited faster
establishment that was accompanied by better foliage colour (Figure 3.5).

Irrigation savings in the order of 20% were achieved with the compost plus clay treated plots
and as with the previous trial, was due to the clay.

-

Clay + Compost General view of trial site prior to harvest Control

Figure 3.5. Improved broccoli seedling establishment associated with compost plus clay and the
compost treatments.
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Carrot - crop 4

Carrots, variety Stefano were sown on the 17 November 2003 and harvested on the
10 March 2004.

Growing conditions

Typical warm to hot summer growing conditions were experienced throughout the 119 day
growing period of the second carrot crop. These conditions and the application of irrigation
are summarised as weekly averages in Figure 3.6A and 3.6B.
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Figure 3.6A. Average weekly weather conditions and irrigation application for the initial November to
early January period for the second carrot crop (S-4) at the system site.
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Figure 3.6B. Average weekly weather conditions and irrigation application for the final early January to

early March period for the second carrot crop (S-4) at the system site.

Compared to the previous carrot crop (S-1) irrigation during the first half of the crop was
considerably less.
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Fertiliser program

In addition to the fertiliser program outlined in Table 3.25 and because of the high
Molybdenum levels recorded on the previous crop (Table 3.23), 320 kg/ha of the standard
trace element mix, without Sodium Molybdate was applied. This was broadcast and
incorporated with a rotary cultivator to 15 to 20 cm depth prior to crop establishment in
conjunction with the application of Double Superphosphate (control plots only).

As with the previous crop, no phosphorus was applied to the compost and compost plus clay
plots.

Table 3.25. Fertiliser application to second Carrot crop (S-4) at the System site

kg/ha
Week N°.
P N K Mg Borax
Compost + clay Nil 250.24 234.80 Nil 15.10
Compost Nil 250.24 234.80 Nil 15.10
Control 47.0 299.92 300.00 22.90 15.38

Pest, disease and weed management

The crop was again affected by nematodes (Meloidogyne javanica) although the severity
was less than in the initial crop.

Apart from nematodes, there were no pest and disease problems and the standard
pre-emergent herbicide (Afalon plus Triufluralin, Table 3.5) was applied at early crop
emergence on 23 October 2002.

Compost quality

Apart from a low Nitrogen Drawdown Index of 0.21 and available nitrogen, the compost used
exceeded the specifications set for the use of compost in vegetables (Table 3.26).

Table 3.26. Compost applied to Carrot crop S-4 at the system site

Carbon Nitrogen
Analyt Nitrogen | Drawdown | Toxicity Ni-:::)taqlan NNHS; Norgii":)H“
Ration Index 9
Critical value <20 >0.5 > 60 <10 > 100 >0.14
Compost S-4 17 0.21 101 1.7 28 180

See Appendix 3.1 (Compost 13A) for more detailed analysis of all composts used at the
system trial site.

Harvest, crop S-4

The carrots were hand harvested on the 10 March, washed and assessed for total and
marketable yield (Grade A,B), and the results are summarised in Table 3.27. The crop was
of poor quality with unacceptable levels of rejects across all treatments. While Nematodes
contributed to the poor carrot quality poor shape was the greatest cause of carrots not
meeting the Grade A,B standard and the incidence of forked roots and prominent eyes
normally associated with nematode damage was far less than that experienced in the first
crop.
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Both compost treatments produced significantly (P < 0.05) greater total and marketable
yields than the control. However total and marketable yields, particularly for the controls,
were poor and less than those recorded in the first carrot crop.

Table 3.27. Total and marketable carrot yields (t/ha) from the fourth crop at the System trial site at the
Medina Research Station

0

Treatment Total Marketable Miss:/\oapen Pro:f:ent % Reject Tops
Clay/Compost 67.5 25.7 32.3 22.6 63.5 20.37
Compost 711 26.9 50.1 8.6 62.7 15.79
Control 53.6 10.9 67.9 9.8 81.4 15.11
Isd (5%) 5.78 6.73 7.57 5.42 8.25 1.37

Soil analysis

At the completion of the trial the site was sampled to determine volumetric moisture
(Table 3.28) and bulk densities (Table 3.29) using auger based procedures outlined in
‘Manual of Field Techniques in Hydrology’ (Department of Agriculture Misc. Publication
37/91).

Volumetric soil moisture content was increased by 40 to 65%, with the largest increase being
associated with the addition of clay (Table 3.28). Bulk density was not affected by compost
but was increased by the application of clay (Table 3.29).

Table 3.28. Volumetric soil moisture at the conclusion of the fourth crop at the System site

Depth (cm) % increase
Treatment
0-15 15-30 0-15 15-30
Compost + clay 10.368 8.625 59.60 35.805
Compost 9.877 9.042 52.06 42.363
Control 6.496 6.351 0.00 0.000
Isd 5% 1.108

Table 3.29. Soil bulk density at the conclusion of the fourth crop at the System site

Depth (cm) % increase
Treatment
0-15 15-30 0-15 15-30
Compost + clay 1.619a 1.623a -4.24 -4.537
Compost 1.546b 1.544b 0.43 0.537
Control 1.553b 1.552b 0.00 0.000

Values followed by a different letter are significantly different (P < 0.051).

Foliar analysis

Foliar analysis results of the youngest fully matured leaves that were collected at harvest and
analysed by Government Chemistry Centre, Perth, are presented in Table 3.30.
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Most analysis values were within the adequate range and there were no notable differences
between the three treatments. Within all treatments, Manganese and copper continued to be
low and low levels of Molybdenum, which was high in the previous Broccoli crop, were
recorded.

Table 3.30. Analysis of youngest fully matured leaves at the harvest of the second carrot crop (S-4)

Analyt Corg::; ;St * Compost Control Isd 5% Adequate

% db

N 3.275 3.4075 3.4025 ns 2.035

P 0.3025 0.2675 0.2975 0018 |  02-0.35

K 4.1325 4.065 3.65 0.29 2545

Ca 2.3875 2.53 2725 026 | 1430

Mg 0.415 0.3875 0.4 ns 0.3-0.55

s 0.475 0.42 0.465 0042 |  032-0.63

Na 0.665 0.59 0.72 ns 0.66-4.5
mg/kg

Cu 4.67 4.25 2.98 078 | 1025

Zn 22.50 17.00 17.50 4.80 20-50

Mn 24.50 21.20 23.50 ns | 130-350

B 50.50 53.20 56.00 2.20 30-80

Fe 235.00 198.00 210.00 ns | 120-350

Mo 4.67 4.25 2.98 0.78 10-25

* Isd - Least significant difference P = 0.05.
** Reuter, D.J. and Robinson, J.B. Plant analysis second edition CSIRO Publishing 1997.

Irrigation

Volumes of irrigation applied in response to soil moisture levels are reported in Table 3.31 for
each treatment along with the percentage irrigation plus rainfall that was collected in the
lysimeters under each of the four replicates per treatment.

Table 3.31. Irrigation applied to the second carrot crop (S-4) and the leachate collected at the System site

Applied irrigation Leachate collected
Treatment
Total (kL/ha) % Saving % of applied % Reduction
Compost + clay 9,567 2.4 3.55 54.6
Compost 10,242 -9.7 9.78 -25.5
Control 9,340 0.0 7.79 0.0

As indicated, the control treatment received the least irrigation and this was only slightly less
than the irrigation applied to the compost plus clay treatment and was almost 10% less than
applied to the compost only treatment.

This problem with the control carrots being under watered is again illustrated by the mid crop
soil moisture recordings over two weeks that were provided by four TDR’s located in the top
20 cm of soil in each plot. The averaged results for the control and compost + clay plots are
provided in Figure 3.7.
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Figure 3.7. Averaged % volumetric soil moisture recorded from TDR’s located in the top 20 cm of soil in
the control and compost + clay plots at the initial System trial.

Discussion

Although reduced, the nematode problem continued to affect the second crop of carrots.

Carrot yields (Table 3.26) and particularly marketable yields were less than recorded during
the earlier carrot crop (S-1, Table 3.8) and the reduction was most noticeable for the control
treatment.

The growing condition charts, 3.6A and B, as well as a review of soil moisture recordings
from the TDR’s (Figure 3.7) confirm that all treatments and in particular the control
treatments were under 