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Soil management

Soil management is now recognised as a critical component of sustainable vegetable
production on the Swan Coastal Plain. In the past it was suggested that the soil was
simply there to ‘hold up the plant’ and vegetable production was viewed as a form of
‘hydroponics’. The reality is, if we ignore our soils, it becomes increasingly difficult to
maintain crop yields and effectively manage nutrition, irrigation, pests and diseases.

Growers are striving to improve soil performance as a means of increasing returns by
reducing nutrition, irrigation and pesticide costs, while maintaining yield. The Nutrient
and Water Management chapters addressed current Good Practice to make good use
of fertiliser and irrigation.

This chapter outlines strategies to improve soil performance, mainly by increasing soil
organic carbon, with an aim to:

+ Improve irrigation and nutrition efficiency

+ Improve the resilience of our soil and reverse yield decline
+ Reduce our reliance on pesticides

+ Maintain optimal pH

Reduce erosion

*

We suggest you use this information in conjunction with the AUSVEG publications,
Healthy Soils for Sustainable Vegetable Farms: Ute Guide (Anderson, Kelly and
McKenzie, 2007) and the EnviroVeg Manual (Whitman et al, 2007). Both of these
contain valuable soils information that is relevant to vegetable growers across soil
types and regions. If you don’t have these references, or for further information, please
contact vegetablesWA on 9481 0834 or email office@vegetableswa.com.au.

EnviroVegqg
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2.

Improved soil performance

Improving soil performance is in keeping with our theme and we believe that any
practice that can increase our soil’s ability to hold water and nutrients, while
reducing environmental impact, is a Good Practice. The potential rewards are better
quality crops, lower costs, continued access to natural resources and a sustainable
future.

The sandy soils of the Swan Coastal Plain have limited water holding capacity,
high infiltration rates and limited ability to retain nutrients. As described in the
Nutrient Management chapter of this publication, the Karrakatta and Bassendean/
Joel sands, common to the Swan Coastal Plain, have little or no ability to maintain
nitrogen, phosphorus or potassium between crops (see Soil texture, page 3 of the
Nutrient Management chapter). In the Water Management chapter, basic infiltration
rates and water holding capacity of various soil types are outlined (see Soil
characteristics, page 5 of the Water Management chapter).

These are the factors that must be addressed under Good Practice. In combination,
they make managing water and nutrition very difficult and considerable skill is
required to produce high yields of good quality produce with minimal impact on the
environment. Regardless of water and nutrient management, on our sandy soils,
rainfall can cause unavoidable losses in winter crops. The biggest nutrient losses
from vegetable crops have been recorded during early crop growth or after harvest
and during bed preparation for the following crop (O’Malley and Prince, 2007).
Improving soil carbon (organic matter) will reduce these difficulties and improve
production consistency.

The loam soils of the lower south west provide their own management challenges.
They are often acidic and have high phosphorus retention index, leading to reduced
availability of nutrients and “lock-up” of phosphorus. The terrain and high rainfall
also makes the soil more prone to erosion. While the soil structure can be
degraded through poor management, reducing soil health and impacting on yield.
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Increasing soil organic matter is central to improving soil performance.
Soil carbon is the energy source for microbial activity in the soil.

Soil properties can be grouped into three components, physical, chemical and
biological (Figure 1). All three components must be managed to maintain or
improve soil health. Appendix 32 Soil components has more information on
the different physical, chemical and biological soil properties.

Some would argue that soil organic matter is the most important component of
our soil. It has potential to improve both the physical and chemical components
of the soil and improve:

+ crop performance and crop quality
+ nutrient and irrigation efficiency
+ infiltration and reduce compaction

+ nutrient holding and reduce nutrient
leaching

+ pesticide efficiency

Improving soil performance through
increased organic carbon, will improve
vegetable productivity and help address
environmental concerns facing the
industry.

Figure 1. The three components of soil

It is also important to recognise that not all forms of soil carbon improve soil
performance. Carbon derived from the action of bush fires is often not active,
however biochar, produced from pyrolysis (incineration of organic materials in
the absence of oxygen), is both stable and active and may well prove to be a
valuable additive to our sandy soils.
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Active soil organic carbon reflects the decomposition of organic materials by the
actions of a vast number of soil organisms that are collectively referred to as the
soil food web. They are responsible for returning minerals to the soil and for
maintaining soil quality and performance. This is a dynamic process that requires a
continuing supply of organic materials (Soil and Water Conservation Society, 2000).

The decomposition process produces a large range of carbon-based compounds
that include simple sugars that fuel biological activity, cellulose cementing agents
that contribute to soil structure and humic substances. The humic substances play a
critical role in delivering many of the benefits associated with increased soil organic
matter levels and ultimately they are largely responsible for increasing stable soil
carbon levels.

Increasing soil organic carbon improves soil structure, water infiltration, soil
aeration, combats soil compaction and increases the soil’s water holding capacity.
Soil organic matter increases nutrient holding capacity and is associated with
increased organic nitrogen levels. Adequate soil organic matter also counters
acidification caused by most fertilisers and the associated increases in biological
activity and diversity can reduce diseases and pests.

Table 1: Changes in soil quality resulting from increasing soil organic carbon levels

Soil carbon % Volumetric Bulk density CEC pH

(%) water t/m3 ¢ mole/kg CaCl2 total N (%)
0.54 10.02 1.43 2.71 5.85 0.03

0.79 12.00 1.36 6.17 6.80 0.05

0.95 14.17 1.32 8.53 6.85 0.07

LSD P<0.05 0.41 0.02 1.08 1.79 0.01
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Improved soil performance can reduce irrigation frequency and associated
evaporative losses.

Trials in sandy soil showed increases in T - U
soil organic carbon following compost R =
applications increased soil water holding
capacity by between 20 and 40%
depending on the rate of compost applied
(Paulin, 2005 p 132). This resulted in
significant irrigation savings during the
cooler months.

% Volumetric water
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Changing management to increase soil 0.51 0.75 091

. : 0
carbon will also reduce irrigation Soil organic matter (%)
frequency in summer. Figure 2. The influence of soil organic

matter on water holding capacity

Non-replicated demonstrations on loam soils

indicated that the addition of compost to soil can increase water holding capacity in
those soil types as well. Loam soils already have greater water holding capacity so
the increase due to the addition of compost is not as big as on sandy soils.
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SOIL MANAGEMENT

2.3 Polyacrylamides

Polyacrylamides work by slowing down the infiltration rate of water through the
soil profile.

Polyacrylamides can assist plant health and growth by
maintaining water and nutrients in the root zone longer.
There is no root uptake of the product, no phytotoxic effect
and over time the product biodegrades to carbon and
nitrogen compounds.

There is a range of products available in liquid and granular
forms. These are reported to significantly reduce leaching of
fertilisers into aquifers, protecting against groundwater
pollution and significantly diminishing environmental risk.

Trial work in horticultural crops in other states and in
broadacre crops in the wheatbelt has provided encouraging
results and there are plans to include polyacrylamides in
future soils research in vegetable crops in WA (BioCentral,
2007).

While the impacts of polyacrylamides may be short term,
they could potentially provide immediate cost effective
results while building soil carbon using other practices such
as compost and cover crops.
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Increasing soil organic carbon increases the soil’s ability to hold nutrients.

Using compost to increase soil organic
carbon reduced crop potassium
requirements by 20% in sandy soils. This
is a direct reflection of the increase in
soil cation exchange capacity (CEC). CEC
is an indicator of soil fertility, showing
the soil’s ability to hold and supply
positively charged elements (cations)

CEC (c mole/kg soil)

such as calcium, magnesium and Nil 30m3/ha 60 m3/ha
potassium. The addition of compost Compost

increased CEC three fold from just over 2.5  Figure 3. Compost rate and increased
to more than 8.0 (Paulin, 2005 p 133). CEC following seven compost

applications at Medina

Table 2: Influence of soil organic matter on soil

Increased soil organic matter is also nutrient holding and stored nitrogen in sandy soil
associated with large increases in stored Soll carbon (%) CEC (c mole/kg) Total N (%)
nitrogen. In addition to normal 0.51 271 0.027
mineralisation causing processes such as 0.75 617 0.048
cultivation, the use of good quality compost
. 0.91 8.53 0.065

results in the steady release of soluble plant

. . LSD (5%) 1.08 0.005
available nitrogen.
This capacity to allow more efficient use of

200 - - - - oo oo

nitrogen is illustrated by improved

maketable yield with substantial reductions 90 -

, . . . 0.9% Soil C & 90kg/ha N

in fertiliser nitrogen (see Figure 4). 80 - TE T
70 -0 (LSD 9.7 P<0.05) __

Nitrogen that is not used by the crop is likely
to be recycled by the enhanced microbial
activity resulting from increased soil organic
matter. This combined with good fertiliser
management can help reduce the risk of
nitrogen loss to groundwater. 20 ooeeml e s

Carrots (t/ha)
A
o

Total harvested Marketable

Figure 4. Influence of soil organic
carbon on carrot yield and nitrogen
requirements
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SOIL MANAGEMENT

2.5 Raw poultry manure: Good practice or past practice?

Traditionally, raw poultry manure has been used to increase soil organic matter and
as a nutrient source (see Manure as a nutrient source, page 14 of the Nutrient
Management chapter). To reduce nutrient leaching, fly breeding and potential food
contamination, raw poultry manure should be used with caution, or not used. If your
property is within a local government district included under the Health (Poultry
Manure) Regulations, you are only permitted to use raw poultry manure for three
months of the year (June to August). This applies until September 2011, after which
a total ban will apply (Appendix 18: Good practice management of manures and
vegetable crop residue).

Recent local research has demonstrated F
that we can grow a good crop with minimal
impact on the environment by:

+ using compost as a better means of
increasing soil organic matter (Paulin,
2005)

+ replacing poultry manure with a mineral
nitrogen fertiliser program (Appendix 3:
Rates and practices to reduce leaching,
Appendix 19: Unlocking the potential of
mineral fertilisers)

Given the challenges that come with

managing raw poultry manure, the viable alternatives that have been developed and
its impending ban, it is difficult to support its use as Good Practice. Over the past
ten years many coastal plain vegetable growers have successfully phased out the
use of poultry manure.

Growers who currently use poultry manure to increase soil organic matter and as a
nutrient source, should begin to implement alternatives now. In this way, changes
can be modified to suit the production systems in readiness for the ban in 2011.
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The capacity of well managed soils, with adequate levels of soil organic matter,
to suppress many diseases and pests, is widely appreciated as the basis of
organic farming systems. However under conventional farming systems, the use
of compost alone has not consistently reduced pest and disease problems.

There are several mechanisms that facilitate the natural biological control of
many pests and diseases. These include:

+ increasing systemic plant resistance - the crop’s ability to resist attack
+ direct competition from beneficial micro-organisms
+ use of specific biocontrol agents such as Trichoderma

All levels of biological control are enhanced by increasing soil organic carbon and
importantly, increasing the diversity of microbial populations in the soil. The
consistent biological control of plant diseases and pests will require production
systems that maintain adequate levels of soil carbon and biological diversity.
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SOIL MANAGEMENT

3. Options for improving soil performance

Soil organic carbon (organic matter) increases the soil’s ability to hold crop
available nutrients and water.

Options which increase soil organic carbon include the use of:
¢ composted organic amendments

+ cover and green manure crops

+ reduced and alternative cultivation practices

+ selective ‘safe’ pesticides

Maximising the benefits of increased soil organic carbon will inevitably involve a
combination of the above options and the best combination will be determined by
location, soils and cropping objectives.
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With regular use, compost will build soil nitrogen and carbon, increase soil cation
exchange capacity, increase water holding capacity, reduce bulk density and
stabilise pH.

Compost is stable aerobically decomposed organic matter. It is a biologically
active material, mostly of organic origin, that can vary in texture. It is typically
dark brown with an earthy appearance and smell.

Compost is the result of a managed
decomposition process involving successions of
naturally occurring micro-organisms that break
down and transform organic material into a range
of increasingly complex organic substances,
many of which are loosely referred to as humus.
Humic materials are responsible for many of the
important characteristics of quality soils that
include increased soil organic carbon, soil fertility
and the ability to hold plant- available nutrients
and moisture.

In this dynamic process, rates of 20 to 30 m3/ha
are initially recommended for sandy soils. Long
term rates will be determined by a combination of
management practices.

There are a number of commercial compost
producers in Western Australia and most are
members of Compost WA, the state branch of
Compost Australia. Not all composts are well
suited to vegetable production and selecting a
supplier should be based on the suitability of their
products for use in vegetable production.

Ideally the supplier should be able to provide information on their compost, such
as a specification data sheet that is based on average quality measurements
over 6 to 12 months. A major national project to evaluate the benefits of
compost to vegetable production (Paulin, 2005) provided the following critical
analysis values:

+ Carbon to nitrogen ratio <20

+ Total nitrogen > 1% (Dry matter basis)
+ Available nitrogenA > 100 mg/kg

+ Nitrate to ammonium ratio >0.14
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SOIL MANAGEMENT

Recent compost work with vegetable cropping at the Medina Research Station has
demonstrated that compost consistently increases marketable yield and improves
soil quality. This leads to increased returns and benefits for growers, the
environment and the wider community.

Improved marketable yields and savings in fertiliser alone have been sufficient to
return extra dollars on light sandy soils. The greatest benefits arise when regular
use of compost effectively ‘buffers’ the soil against climatic events, equipment
failure or human error that would otherwise result in loss of potential yield. This
buffering effect is due to increased soil organic carbon which increases the soil’s
ability to hold crop-available nutrients and water.

Compost was also found to increase the supply of plant-available nitrogen (Section
3.2) and potentially reduce the need for large amounts of inorganic nitrogen. It
contains useful quantities of plant-available phosphorus, potassium, magnesium
and other plant nutrients. When nitrogen is not utilised it is retained in the soil for
future crop use (Paulin, 2005 pp 134 & 254).

Soil carbon levels in coarse sand are

known to plateau at lower levels than No compost 0 - 15 c¢m soil depth

in heavier soils. Soil carbon impacts 1.0 - ¥ Compost 30m® =777 T
B Compost 60m3

on the soil’s capacity to sustainan 0.9 ~7 7 TTTTTTTTTT T s mmmenmm A T

active soil food web (Soil and Water

Conservation Society, 2000)

collectively contributing to soil quality.

The work at Medina showed that

compost significantly increased total

soil carbon and that without its 04 -+

addition, carbon levels declined (refer 03 -—--MM____COENEe e -

to Figure 5 and Paulin, 2005 p 133). Cropi  Crop3 Crop5  Crop7

05 --- = - -, -

% Soil carbon

o

o
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Figure 5. Changes in soil organic carbon over seven
successive vegetable crops at the Medina Research
Station
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SOIL MANAGEMENT

3.2 Cover and green manure crops

Cover crops and green manure crops reduce soil erosion, break disease cycles
and add organic matter and nutrients to the soil.

Cover or break crops can include grasses such as oats and millet and legumes
such as cowpeas and vetch. They may be ploughed in as green manure crops, or
retained as mulch. Although cover crops do not normally produce income, they
are important because they protect the soil and give other benefits (Senn, 2007).
Cover cropping is an effective means of increasing soil organic matter and
improving soil performance. Cover crops can be slashed or mulched prior to
being incorporated before crop establishment. A relatively light compost
application (10 to 15 m3/ha) will increase the overall benefits and in particular,
further accelerate organic carbon development (Jackson, 2002).

With no-till permanent vegetable production systems (Rogers, 2001) cover crops
are retained as surface mulch into which the crop is planted.

On the Swan Coastal Plain, cover crops are mainly grown between seasonal
crops to protect soil from wind or water erosion. They can also be used as ‘nurse’
crops to protect seedling emergence in carrots and onions. In the south west
green manure crops are grown as part of the pasture/cropping rotation. They are
used for pest and disease breaks, biofumigation as well as to add organic matter
to the soil.

As our understanding of soil management emerges as a priority, so too does the
need to understand the role of cover crops and green manure crops under local
conditions. At a series of workshops in November 2007 and May 2008, vegetable
growers on the Swan Coastal Plain identified the need for local research into the
benefits of cover crops and green manure crops. Areas of particular interest
were:

+ Cover crop species that will maximise the build up of organic carbon in short
windows between crops

¢+ Legumes to increase soil nitrogen

+ Soil health benefits associated with the use of mustard as a bio-fumigant and
crops such as canola that may be antagonistic to soil-borne diseases

TR A Ll
. G
A
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SOIL MANAGEMENT

3.3 Cultivation practices

Vegetable production in the South West is traditionally reliant on the use of rotary
cultivation.

Unfortunately rotary and moldboard cultivation are the greatest destroyer of soil
organic carbon because their action has maximum physical effect, destroying soil
structure and oxygenating the soil, maximising the rate of soil organic carbon
degradation.

We should carefully consider current cultivation practices and develop a suite of
practices that minimise the number of cultivations. This may include the use of
herbicides, cover crops or organic and inorganic mulches for weed control.

The next step is to consider whether less aggressive forms of cultivation such as the
use of tyne implements and permanent beds (Rogers, 2001), can be incorporated
into the cropping process.
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3.4 Selective ‘safe’ pesticides

In focusing on developing soil carbon levels, the use of pesticides is an important
consideration.

Soil biology is critical to managing soil organic carbon and can be seriously
disrupted by a range of pesticides, including herbicides.

Pesticides with a broad spectrum of activity should be avoided, or in the case of
fumigants, their application should be timed and managed in a way that will
maximise recovery of soil biology. Examples are:

+ applying compost after fumigation
+ restricting pesticide application to the worst affected crop areas

There is an increasing number of selective pesticides which include biologically
active controls such as the bacterial caterpillar control materials based on
Bacillus thuringensis. These materials have reduced knockdown capability
compared to some conventional pesticides and therefore should be integrated
into a pest management program.

Herbicides can also be detrimental to soil biology and particular care in selecting
‘safe’ materials will be an important element of using and managing cover crops.
A range of herbicides reduce biological activities in varying ways (Lardner and
Gupter, 2008).

(Note: Further information on selecting ‘safe’ pesticides will be

included in the Pest and Disease Management chapter.)
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4. Soil degradation risks

The South West of Western Australia is susceptible to a range of soil and land
degradation hazards.

Soil and land degradation hazards have been identified at a regional scale by
DAFWA after many years of soil and landscape mapping. Each of the land
degradation hazards wind erosion, subsoil acidity, water repellence, subsoil
compaction, phosphorus export risk and water erosion are mapped at a 1:100 000
scale and can be field checked at the paddock scale to be relevant to your farm. A
number of databases are used to create each land degradation hazard map usually
soil-landscape characteristics, landform, land use and climate (Murphy White,
2008).

Land degradation hazard maps identify the environmental risks the property may
experience now or in the future. The maps give an overview of what environmental
impacts need to be addressed. Soil and land degradation impacts can be managed
by using a range of preventative measures on farm. These often include the
increase of soil organic matter to stabilise soil (see Section 2. Improved soil
performance). The following are strategies to address the hazards commonly
experienced in the South West:
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+ Wind erosion: Provide wind-breaks where practical, reduce the amount of time
soil is left bare, plant cover crops between commercial plantings and irrigate
to prevent wind erosion during hot, dry, windy conditions

+ Subsoil acidity: Monitor soil and soil water pH (see page 4 of our Nutrient
Management chapter for more on managing soil pH). The rate of soil
acidification can be reduced by better management of nitrogen and soil water.
The leaching of nitrate from the soil can be a major cause of acidification
(Anderson, Kelly and McKenzie, 2007)

+ Water repellence: Apply wetting agents, polyacrylamides or clay amendments
as required (Blackwell, 1996)

+ Subsoil compaction: Deep rip between crops to break hardpans (Anderson,
Kelly and McKenzie, 2007)

+ Phosphorus export risk: Monitor soil and water nutrient status. Match
fertiliser application with crop needs (see Appendix 3: Rates and practices to
reduce leaching)

+ Water erosion: Avoid farming steep slopes and protect soil by maintaining a
vegetative cover (Anderson, Kelly and McKenzie, 2007)

Land degradation, soils, vegetation, wetlands and catchment maps are now
freely available to anyone with access to the internet on the SLIP website
(Shared Land Information Platform). The SLIP website provides one place for all
the state government data and information to be available to the community.
This website is a result of a state natural resource management project that
was jointly funded by the Australian and Western Australian Governments under
the State Strategic Reserve for the Natural Heritage Trust and National Action
Plan for Salinity and Water Quality. http://spatial.agric.wa.gov.au/slip
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