Erosion control using soil surface treatments and native
grasses at Craig Creek, Northern Territory

Taegan Calnan B. App. Sc.

Charles Darwin University
Faculty of Education, Health and Science
School of Science and Primary Industries

K-A~
Ad----C
dAE
Y
~

Declaration

I declare that the work in this thesis, now submitted for the degree of Masters by
Research of the Charles Darwin University, is the results of my own investigations. All
references to the work of other researchers have been specifically acknowledged. I
certify that the work in this thesis has not already been accepted for any degree and is
not currently being submitted in candidature for any other degree.

Taegan Calnan

2

Acknowledgements
Thank you to the environment department within the Department of Defence, who
instigated and funded this project. Ted Easton in particular was very helpful with access
and background information. Likewise thanks to the caretakers at Mt Bundey who were
unstintingly generous with time, fuel, winches and ice. Much appreciated. In more
abstract and equally demanding realms Keith McGuiness was generous with his help
with experimental design and statistics. And a big thank you to Sean Bellairs and Sam
Setterfield who have been particularly patient people throughout the process.

The volunteer hours have been immense

-

Adele Pedder, Gordon Paki, Ben Langford,

Chris Derkin, Alex Richmond, Huni Bollinger, Fio D'elbo, Marcus Wendt, Stefanie Vink,
Michael Fonda, Sarah the Spaniard, Prudence Gell, Dirk Nicholls, Dan Banfai, Deb
Knoche, Tashi Dawa Eyles, Ben Phillips and Sal Ward have all put varying amounts of
purely volunteered sweat and love into the laborious aspects of this project, me included.
I would have needed to grow ten arms, five years and two brains to have managed
without the volunteer assistance that came my way. Thank you.

Abstract
The loss of resources from an ecosystem caused by soil erosion affects both the
function of the immediate surrounds and those systems downstream. Stemming this loss
from an area using local grasses and soil surface stabilisers to capture nutrients can
stabilise the system and restore ecological function to a degraded area.

The overall aim of this project was to develop practical techniques for controlling erosion
at the Craig Creek site of Mt Bundey Training Area in the Northern Territory, through the
use of soil surface treatments and grasses local to the area. The research is in three
linked stages that specifically address the following three aspects of rehabilitation: (1)
the germination and dormancy characteristics of local grasses; (2) the use of various soil
surface treatments for stabilising the soil surface and promoting grass establishment and
persistence and; (3) the growth characteristics of perennial grasses from the site and
responses to soil amelioration and watering treatments.

Fifteen grasses were assessed and seven had germination rates greater than 40% in at
least one of the treatments. Low viability was a factor in the low germination rates of
some grasses. Dormancy was a factor with potassium nitrate significantly increasing the
germination of Era grostis rigidiuscula (from 1 % to 28%) and Brachyachne con vergens
(7% to 27%). Germination was most successful in sand, in shadehouse conditions,
compared to laboratory tests with seeds on filter papers, and three species had
germination > 90% (Era grostis sororia, E. rigidiuscula and Vacoparis laxiflorum).

The use of soil surface stabilisers over the course of a wet season (October—April)
resulted in soil accrual on the jute and wire+mulch treatments, while soil was lost from
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plots with the log mulch. Vegetation establishment on the vegetation plots was high
following the wet season (1233 individual grasses established on 336 m2); in contrast,
persistence through the dry season drought was very low. Aristida macroclada was the
only grass still present in the plots in November (9 grasses on 336 m2 remaining).
Sodicity was very high in the eroded area, with 70% exchangeable sodium in the fine
sediments in the centre of the scald zone.

Growth responses of A. macroclada, E. rigidiuscula, E. sororia and Panicum
decompositum to shadehouse trials investigating soil amelioration and watering
treatments were positive for the fertiliser addition and waterlogging. There was no
response to gypsum. Eragrostis rigidiuscula displayed the best traits for erosion control,
with the highest growth rates and foliage cover of all the species. Aristida macroclada
had low growth rates and low foliage cover, however it was the most persistent of the
species.

In summary, jute and wire + mulch are effective soil stabilisers for the Craig Creek area.
Aristida macroclada and E. rigidiuscula both establish on the site without assistance, and
with the addition of fertiliser, persistence rates and vegetation cover should increase
providing protection to the dispersive sodic soils during the erosive wet season rain.
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1.0 Introduction
The loss of soil at a rate greater than it can be replaced is a global problem (Morgan,
1986). Soil loss can severely affect the function of the local landscape. Inappropriate
land management practices cause the degradation of soil by the erosion of topsoil, and
in some cases entire layers of the soil profile can be removed (Brady & Well, 1999). The
discipline of restoration ecology has emerged in recognition that significant repairs are
needed to natural systems degraded by human impacts to reinstate ecological function
and healthy ecosystems (Cairns & Heckman, 1996).

Ecosystem function is defined as the intrinsic ecosystem characteristics related to the
set of conditions and processes whereby an ecosystem maintains its integrity (Mooney &
Schulze, 1994). Ecosystem functions include processes such as decomposition,
production, nutrient cycling, or fluxes of nutrients and energy (Ehrenfeld & Toth, 1997).
The loss of soil, nutrients, organic matter and water from a system through erosion
prevents the capturing and retaining of resources that are vital to ecosystem function
(Ludwig & Tongway, 1997). In situations where restoration of ecosystem function is no
longer possible because critical thresholds have been surpassed, the goal of restoration
can be to restore a stable system within a functional landscape, even if it differs from the
healthy ecological community that was originally present (Hobbs & Norton, 1996).

A healthy ecological community is one that can maintain ecosystem functional
processes at different spatial scales. It also maintains viable populations of native
species at appropriate spatial and temperate scales and reliably meets the needs of
people over the long term (Whitehead etal., 2000). Landscapes that have lost significant

patches of vegetation, especially perennials, are less able to capture and store
resources such as water and organic matter as they flow through an ecosystem and thus
ecological functional processes become reduced. The hemorrhaging of resources that
results can reduce the capacity of the remaining plant populations to survive through
periods of low resource availability (Ludwig et al., 1999), further reducing vegetation
cover in the area. Landscape health can be improved by providing patches in the
landscape that capture and store nutrients within the local system, and this has emerged
as an effective means to facilitate rehabilitation (Ludwig & Tongway, 1996).

1.1.1 Soil quality and erosion
Soil quality is defined as the capacity of a soil to function within ecosystem boundaries to
sustain biological productivity, maintain environmental quality and promote plant and
animal health (Doran, 2002). Soil quality is dependent on the conservation of surface
organic matter, as it is essential to the control of erosion, water infiltration, and
conservation of nutrients in the system (Franzluebbers, 2002).

Soil quality is reduced when accumulated resources in the soil profile, such as organic
matter, are swept away from an area, as occurs through erosion. Erosion is a process
that transforms soil into sediment through the detachment and transportation of soil
particles. The detachability and transportability of a soil depends on the size of the soil
particles, the structural stability, organic matter content and the soil chemistry (Lal,
1988). The destructive action of wind and water cause the transport of sediments from
the site to another location, resulting in the loss of the upper layers of the soil profile
(Brady & Weil, 1999). Both the flow velocity and flow quantity are key factors
determining the occurrence and extent of soil erosion (El-Swaify & Dangler, 1982).
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Although erosion is a natural process, land degradation occurs when the rate of erosion
is faster than the rate of soil formation. Disturbed and exposed subsoils can be
extremely susceptible to the cutting action of flowing water (Morgan, 1986). Exposure of
underlying soil layers leaves particles exposed to raindrop impact, overland flow,
concentrated flow and wind erosion (Norvill, 1999). In soils with highly dispersive
properties or high clay content the sealing of the surface layer can exacerbate these
problems; by decreasing water absorption and thus increasing runoff rates and
decreasing the opportunity for vegetative cover to ameliorate the condition (Morgan,
1986).

On-site soil erosion affects the chemical, biological and physical properties of the soil.
The loss of topsoil, which is relatively rich in nutrients and organic matter, causes a
decrease in land productivity and soil fertility and resulting in land degradation (Hartanto
et al., 2003). Subsoils commonly have much lower nutrient levels and poor physical

structure due to a lack of organic matter. These conditions make vegetative growth on
subsoils difficult, increasing the susceptibility to further erosion (Leeper & Uren, 1993).
Off-site impacts due to sediment flows include increased sedimentation and turbidity in
downstream systems and increased levels of nutrients that diminish water quality and
hence cause a decrease in fish abundance (Hartanto et al., 2003). Physical and
chemical soil degradation and vegetative degradation are closely linked and dependent
on one another as part of a feedback loop of the land degradation cycle (Brady & Weil,
1999).
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1.1.2 Soil protection techniques
Mechanical or biological means can be used to reinforce the soil and increase resistance
to water flow and thus reduce erosion. Mechanical surface covers and vegetation covers
can slow the rate of flow across the soil surface and effectively reduce the amount of
erosion that occurs (Brady & Weil, 1999). The rate at which water flows or wind blows
across the soil surface affects the amount of sedimentation that occurs, as greater
velocity has a greater kinetic force to dislodge particles. The gradient of an area also
influences the rate at which water flows down the gradient

-

the steeper the slope the

higher the velocity and greater the kinetic energy of the flowing water (Rose, 1993).

Mechanical soil protection methods
Mechanical structures placed on the soil surface can alter the flow of water. Examples
include the application of gravel, concrete, terolas, wood mulch or hydromulch

-

all of

which provide a mechanical barrier against water flow and thus erosion. Protective
devices, such as gabions which are steel wire mesh baskets packed tightly with stones,
and rip-rap, which are large angular rocks packed to deflect and slow the flow of water,
are also used to alter the flow of water over a soil surface (Brady & Weil, 1999; Morgan,
1986).

Biological soil protection methods
Biological soil protection methods use vegetation to control erosion. This approach is
generally more economically viable and more conducive to long term restoration of
ecosystem function than mechanical methods. Once established the vegetation
contributes to soil quality, which in turn affects the potential for soil erosion (Karlen et al.,
2003; Morgan, 1986). Dense perennial grass and undisturbed forests provide the most
effective soil protection. Research on all continents has found that even small increases
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in surface cover can make a major contribution to soil conservation. Loch (2000) found
that in areas with 47% or more grass cover, erosion rates become minimal even under
severe rainfall/runoff events. Reduction of grazing and soil disturbance on the site also
contributes to increased soil stability. Gyssels et al. (2005) described an exponential
decrease in water erosion rates with increasing vegetation cover on eroded agricultural
soils in Belgium. Rows of permanent vegetation such as perennial grasses can be used
to slow down runoff, trap sediment and eventually build up natural terraces. The
reduction in runoff is attributed to protection of the soil surface, soil water depletion by
growing plants and the increase in pores for water entry into the soil created by roots
and soil fauna (Loch, 2000). These attributes depend on finding species that are able to
germinate and persist at the site under rehabilitation conditions, and without causing
further ecological damage such as weed invasion to surrounding areas.

1.1.3 Grasses and erosion control
Many studies have explored the role of grasses in controlling erosion and restoring
ecosystem function. At the Ranger mine site within Kakadu National Park the native
grasses (Ectrosia leporina, Eriachne shultziana, Dicanthium sericeum and
Pseudopoganatherum contortum) were found to revegetate mine spoils successfully,
with higher germination rates than the introduced Rhodes grass (Chioris guyana). The
native species provided effective vegetative cover for the control of erosion, with
Ectrosia leporina providing a cover of 61% (Lane, 2002).

The use of native grasses for rehabilitation purposes has had growing recognition due to
increased public concern regarding biodiversity conservation and ecological problems
associated with the introduction of exotic grasses (Berryman et al., 1996). Many
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introduced grasses can establish quickly and effectively on highly degraded sites, but
can become a weed problem both in the revegetated and surrounding areas,
necessitating further management intervention (Lonsdale, 1994). Introduced colonizers,
such as Gamba grass (Andropogon gayanus Kunth.) in the Northern Territory can
suppress the growth of native grasses in the area, affecting the diversity and biological
composition of the area, as well as impacting on natural systems indirectly through
changing the timing and intensity of fire regimes (Rossiter etal., 2003). Hall (1998) used
twelve species of grass in North Queensland to determine the effectiveness of each
species for rehabilitation purposes and also found that the native species compared
favourably to the more frequently used introduced species.

Grant et al. (2002) noted a growing need for scientific research into the selection of
tolerant plant species for rehabilitation purposes, and the identification of cost effective
substrate amelioration treatments accessible to land users. A self sustaining native
ecosystem with minimal ongoing management is increasingly the aim for rehabilitation of
disturbed landscapes, both for ecosystem integrity and minimisation of management
costs (Lane, 1999). The use of grasses indigenous to the rehabilitation area is an
integral part of this. Grasses from the local area will be adapted to local conditions such
as low nutrients, disturbance regimes such as fire, drought and grazing and will have a
tolerance for local soils (Ashwath etal., 1994; Simpson, 1981). An understanding of the
seed biology of grass species is essential for successful establishment. Lack of
knowledge regarding seed biology has been a major obstacle to the widespread use of
native grasses (Bell, 1999; Berryman etal., 1996; Lane, 2002).
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1.1.4 Improving plant establishment success: seed biology

Factors that affect plant establishment
The basic establishment biology of native grass species such as germination and growth
requirements is critical for successful revegetation work, yet information regarding
optimum conditions is frequently lacking in the literature (Paterson et al., 2001).
Revegetation success at a site can be affected by a variety of factors, including the
choice of plant species, origin of seed sources, planting methods and seedbed
preparation. Although the plant species and seed sources are determined by the site,
the planting methods and seedbed preparation for native seed mixtures are frequently
based on anecdotal evidence because published research that experimentally compares
combinations of methods is lacking (Montalvo et al., 2002).

Seed viability, germination and dormancy
Improving the success of rehabilitation projects requires knowledge of the viability,
germination and potential dormancy requirements of the species (Bellairs et al., 1999).
Determining the viability of the seed lot is of primary importance prior to commencing
artificial seed sowing (Nolan et al., 1996). Viable seed is that which is capable of living
(Baskin & Baskin, 1998). If the viability of the seed lot is low then all subsequent
treatments and establishment efforts will still yield low numbers. Viability can depend on
the species being collected, timing of seed collection, seed moisture content and storage
procedures undertaken after harvest (Morse, 1996). An example of the importance of
viability is a study investigating the varying densities achieved through different seeding
methods for grasses at Mount Piper, Victoria. It was found that 200 caryposes/m2 were
necessary to achieve a cover of 40% from Austrodanthonia eriantha Linder due to low
germination and low viability (5%) (O'Dwyer & Attiwill, 2000).
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Seed dormancy is when a seed has not germinated due to some property of the seed
that is preventing it from doing so (Baskin & Baskin, 1998). Dormancy is a mechanism to
escape unfavourable environmental conditions and maximise the chances of seed
germinating in conditions where the opportunity for survival is high (Jhurree etal., 1998).
Dormancy is recognised as a major obstacle in the successful germination and
establishment of native grass species (Koch & Dixon, 1999). Germination, viability and
dormancy will be discussed and explored further in Chapter 3.

1.1.5 Improving plant establishment success: soil properties

The physical and chemical properties of the soil can play a significant role in the success
of plant establishment (Montalvo etal., 2002). With a suitable physical and chemical
environment the seed is able to access the resources necessary for growth.

Physical
Physical properties of the soil such as compaction, surface sealing and crust formation
of the soil surface all influence the success of plant establishment (Brady & Weil, 1999).
The compaction of soil can inhibit the establishment of plant growth through damaging
soil structure and function. Compaction can occur through hard hoofed ungulates such
as cattle and donkeys grazing on the surface and also through the passing of
mechanical traffic in the area (Saynor etal., 2004). Compaction crushes many of the
macropores and micropores in the soil, which means that the field capacity of water in
the soil is less, as is the amount of air that can be stored in the soil (Brady & Weil, 1999).
Compaction also greatly reduces the infiltration rate into the soil profile through sealing
the surface, and therefore soil water recharge (Yates etal., 2000).
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The sealing and crusting of the soil surface results in low water infiltration to the soil
profile and poor plant establishment. The susceptibility to sealing is common in soils with
low organic matter, high silt contents, low aggregate stability and low infiltration rates
(Ramos et al., 2003). Low infiltration rates are associated with surface structure collapse
and pore blockage on wetting, which further reduce the infiltration rate of water (AbuAwwad & Kharabsheh, 2000). The sealing and crusting of the soil surface also results in
a soil surface that is smooth and flat, with no micro topography for seedling
establishment. A heterogenous soil surface provides micro sites that are particularly
suitable for plant establishment and growth. Sites with greater micro topographical relief
have higher germination and root growth rates than more uniform sites (lbanez &
Schupp, 2002). The study of arid crusted soils in Jordan found that furrowing the crusted
soil surfaces improved infiltration rates compared to unfurrowed soils by about 72%
(Abu-Awwad & Kharabsheh, 2000).

Chmir.I

The chemical environment that the soil provides includes nutrients and moisture levels,
sodicity, salinity and pH, all influencing the ability of a soil to support plant growth. These
soil attributes can determine the amount of nutrients available to plants, the moisture
availability and the osmotic potential within the soil matrix.

Sodic soils are characterised by poor physical condition, poor aeration and toxicity of
specific ions such as sodium, as well as nutrient imbalances leading to deficiencies in
calcium and magnesium (Marcar etal., 1995). Salt can inhibit the establishment and
growth of plants through affecting the ability of the plants to take up water through
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osmotic effects, damaging roots and hence reducing growth and causing nutrient
imbalances (Marcar etal., 1995).

The pH of a soil has wide-ranging effects on chemical, physical and biological soil
properties. Soil pH controls plant nutrient availability and microbial reactions within the
soil (Brady & Weil, 1999). The number of organisms in the soil in turn influences how
quickly and effectively plant residue in the soil is turned into soil organic matter. This in
turn influences aggregate stability and the movement of air and water through the soil.
In tropical regions soils tend to be acidic as the soil profile is leached of base forming
cations by high rainfalls, leaving the acid forming aluminium and hydrogen cations (ElSwaify & Dangler, 1982).

1.1.6 Soil treatments to promote grass establishment
The soil surface can be treated to improve soil conditions and enhance vegetation
establishment and growth. The use of physical soil surface treatments such as the
application of layers of jute, mulch and logs improves the surface conditions by providing
soil protection from raindrop impact (Ramos etal., 2003), increasing surface topography
to provide sites for plant establishment on otherwise crusted soils (lbanez & Schupp,
2002) and by improving surface microclimate such as lower temperatures due to
shading and greater retention of moisture in the top layers of the soil (Hartanto etal.,
2003; lbanez & Schupp, 2002). These physical ameliorations can reduce the rate of the
flow of water across the soil surface and increase the soil surface stability and hence
decrease the amount of soil lost to erosion (Krenitsky et al., 1998). In the lowland
temperate grasslands of Australia the most successful technique of establishing
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Themeda triandra was by surface spreading awned seed in seed bearing hay over the
soil surface (Cole & Lunt, 2005).

Improving the chemical properties of the soil to increase plant establishment is usually
expensive and area specific (Beukes & Cowling, 2003). Gypsum has been used widely
for soil amelioration as it can be applied to improve the structural properties of the soil
through changing the chemical makeup of the soil profile. The calcium in gypsum
replaces the sodium in the soil, which improves the crusting and the water infiltration
properties of the soil (Hamza & Anderson, 2003).

1.2 Thesis structure

Chapter 1 discusses erosion control and some of the issues involved in using native
grasses for soil surface stabilisation and erosion control. It outlines the rationale for the
thesis and describes the study site.

Chapter 2 describes the baseline conditions and soil properties (objective 1 above) at
the Craig Creek erosion site. Transects were established and monitored to determine
which grasses were self seeding in the area and persisting successfully.

Chapter 3 addresses objective 2 above. For fifteen local grass species, seed availability,
viability, germinability and viability, and their response to various dormancy treatments
were determined.

Chapter 4 addresses objectives 3 and 4 above. The effect that four soil surface
treatments had on the stability of the soil surface and grass establishment was
measured. The establishment, persistence and foliage cover for different grass species

20

establishing on the treatments was measured, and their suitability for erosion control
assessed.

Chapter 5 addresses objective 5 and determines the growth and persistence of four
grass species in a shadehouse when grown in media from the Craig Creek site, with
varying gypsum, fertiliser and watering regimes. The four species chosen were the
species most successful at establishing and persisting in the field. Different growth
responses between the four species to soil type, water inundation and soil amelioration
were assessed.

Chapter 6 addresses objective 6, by integrating the main findings of the previous
chapters (objectives 1

-

5) to develop strategies that will maximise soil retention in the

area and hence, promote grass growth for the long term stabilisation and rehabilitation of
the site.

1.3 Background information on the study site

1.3.1 The study area
This study was carried out in a riparian area associated with tropical savanna vegetation
Tropical savannas cover 1900 km2 of the Australian continent and have a pronounced
wet and dry season (Gentilli, 1972). The savannas of Australia have soils that are
weathered relics of earlier pedagogical processes (Mott et al., 1985). The soils in the
region were formed from rocks deeply weathered over millions of years, and are
generally leached and infertile (Russell-Smith etal., 1995). They have very low organic
matter and low levels of essential plant nutrients, with phosphorus being the primary
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limitation to growth (Mott etal., 1985). The savannas have a slow rate of erosion due to
the lack of slope, widespread surface lags of gravel, a protective leaf litter layer and the
tendency of the soil to form a weak crust. When this surface is disturbed significant
erosion does occur, and is most severe in the early wet season before any vegetation
cover is established (Russell-Smith etal., 1995).

Grazing pressure for the past century has led to widespread degradation of the savanna
landscape and disturbance of the soil surface resulting in sheet and gully erosion. This
has occurred especially in areas close to river systems where grazing pressure is
greater due to close water access. The extent of this damage has depended largely on
the soil types, the plant species in an area and the season to season rainfall variability
(Winter, 1990).

The study area is the Mt Bundey Training Area; a Department of Defence military
training area that lies 130 km south east of Darwin. Scalded zones bare of vegetation
and stripped of topsoil occur at Craig Creek on the south western border of the Mt
Bundey Training Area (MBTA). The Department of Defence has recognised the area as
requiring rehabilitation. Despite the dramatic reduction in numbers of cattle, donkeys,
horses and pigs since 1989, the exposure of the fragile sub soils has led to ongoing
substantial soil loss from the area. The annual wet season of the area means that the
impacts of intense rainfall events are difficult to reduce on large exposed sodic subsoil
areas.
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1.3.2 History
The Department of Defence manages large tracts of land in the NT including the Mt
Bundey Training Area (MBTA). See Figure 1 .1 and 1.2 for a map of the area. The Mt
Bundey Training Area was acquired in 1989 by the Department of Defence and is
located near the western border of Kakadu National Park. Currently the Department of
Defence manages the lease and the Mt Bundey Training Area is used for military
training exercises. Prior to purchase by the Department of Defence, the site was under a
pastoral lease established in the late 1870's. Environmental issues that the Department
of Defence has to manage include fire regimes, feral animal and plant populations,
conservation of biodiversity and landscape integrity.

1.3.2 Description of the study site
In the south western corner of the 1000 km2 property are extensive erosion scalds along
riparian zones of creeks feeding into the Mary River. Considerable soil loss is occurring
at these sites every wet season, and despite active management strategies the scalds
continue to increase in size. Craig Creek is one of the affected tributaries of the Mary
River (See Figure 1.3 and 1.4). The two main biogeographical regions of the Craig
Creek sector of MBTA in the south western section of the property are the Mary River
floodplain and the undulating plains and rises of the upper Wildman River and Craig
Creek catchments. Craig Creek is a tributary to the Mary River; the junction of the two is
located approximately 2 km downstream from the major erosion scalds. Craig Creek has
a small catchment area of approximately 6.3 km2 (GHD, 2002).
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of Darwin in the Northern Territory, Australia.
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Figure 1.2 The division of Mount Bundey Training Area into management sectors.
Craig Creek sector is the southern most sector, sharing a border with Kakadu
National Park.
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Figure 1.3. Aerial view of the erosion scalds at Craig Creek. Craig Creek runs to
the south west of the picture, and is highlighted in blue. The actual study site is
encircled in red.
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Figure 1.4. Craig Creek erosion study site from the topsoil margins, looking over the
gravel lags and towards the central scalded area.

27

Climate
The study area is located in the monsoonal tropics, which is characterised by two distinct
seasons: the dry season from May to October, and the wet season from November to
April. The annual rainfall of —1200mm occurs mostly between January and March
(Figure 1 .5). The average diurnal temperatures in the dry season range between 1832°C and for the wet season 26-36°C (Buraeu of Meteorology, 2005).
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Figure. 1.5 Average monthly rainfall (mm) and temperatures (°C) at Jabiru airport
(nearest station) from 1984 2004 (mean annual rainfall = 1485mm) (Meteorology,
2005).
-
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Soils
Vegetation and soil maps of the MBTA describe the site as an eroded area (Tunstall et
aL, 1998). The Craig Creek site is located above the floodplain and includes levees and
alluvial plains of the Mary River. Levee soils and yellow earths comprise the soils of the
area, and yellow earths are the major soil type in the area. The levee soils are mainly a
light grey, light yellow to yellow colouration with a texture range that is variable with
gravel pitches. The yellow earths are a light yellow to light brown colouration with texture
ranges from sandy loam to clay loam, and patches of high gravel content (Tunstall et al.,
1998).

Vegetation
The 'Top End' region of Australia is dominated by a savanna of open Euca!yptus
dominated woodland with a grassy understorey (Russell-Smith et al., 1995). The MBTA
has nine vegetation types, all of which are widespread across the Northern Territory.
The southwestern corner of the property lies adjacent to the Mary River floodplains and
encompasses mainly Me!aleuca v/rid/flora Gaertn. and Euca!yptus po!ycarpa F. Muell.
low woodland, and/ or Eriachne burkitti Jansen. grassland (Tunstall et al., 1998).

Various classes of eucalypt woodland grow in these areas, with small tracts of
Me!a!euca v/rid/flora Gaertn. in depositional areas that are poorly drained. Euca!yptus
tetrodonta F.Muell., E. miniata Cunn. Ex Shauer and E. bigalerita F.Muell with an
understorey of the annual Sorghum are the main assemblage on the less rocky areas
with poorer drainage. The better drained soils support woodlands of E.po!ycarpa F.Muell
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E. grandifolia Benth., E.papuana F.Muell and E.bigalerita F.Muell with an understorey
of perennial grasses (GHD, 2002).

1.3.3 Management

-

Fire, Pests and People

Since purchasing the property in 1989, management by the Department of Defence has
included fire management and feral animal control. Fire is a major landscape influence in
the region (Russell-Smith etal., 1995), and large portions of the MBTA are burnt every
year. The management of Mt Bundey has attempted to prevent fire at the Craig Creek
site in order to maintain vegetation on the scald zone (T. Easton, pers. comm, 2003).

Mt Bundey Training Area was destocked in 1989, and the annual removal of horses,
pigs and buffalo from the area has been largely successful, although small numbers are
still present in the area. Access to the site is restricted, and for training purposes the
area is a no-go zone (T. Easton, pers. comm, 2003).

1.3.4 Craig Creek scald site
The erosion scald is up to two metres below the level of the surrounding intact topsoil
and the substrate varies across the surface. The scald is 300 m wide and 200 m long in
an irregular shape that connects with the Craig Creek riparian zone at the lower end of
the scald (Figures 1.3 and 1.4). Much of the scald zone is exposed coffee rock, with
deposited fine sediment areas and gravel surface areas. Sheet, nIl and gully erosion are
all apparent in the scald zone. Engineering solutions to the erosion at Craig Creek have
been explored using mechanical soil protection methods such as gabions and rip rap
(GHD, 2002) with limited expectations of success. The environment department of the
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Department of Defence has requested consideration of strategies for ameliorating the
ongoing soil erosion in order to restore ecosystem function in the area.

1.4 Aims
This research was conducted to identify techniques to reduce the soil loss from the Craig
Creek area. This was done by identifying a suite of native grass species able to establish
and persist effectively on the eroded areas, therefore protecting the soil surface from
further erosive action. The use of soil surface treatments both to promote grass
establishment and soil stability was explored as well.

Whether or not particular species of grass can establish and persist in the area with the
aid of the surface treatments is crucial to developing strategies for reducing erosion.
Therefore, the study aimed to determine which species had already established
successfully on the eroded soil surfaces and to assess the effectiveness of different soil
surface treatments on the stability of the soil surface. Seeds of grass species that
established and survived on the site had seeds germinated and grown in a shadehouse
to assess their response to different substrate and water conditions.

The aims of this study are an assessment of soil stabilization techniques and the
determination of which grass species are most suitable for the control of erosion at the
Craig Creek site on the Mt Bundey Training Area.

Specific objectives of this study were to determine:
which grass species are currently established on the site and the associated
soil conditions;
the requirements to optimize germination of local grasses;
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the effectiveness of various soil surface treatments at reducing soil erosion to
promote grass establishment and persistence;
the effectiveness of various native grass species at reducing soil erosion
using indices of foliage cover and biomass;
the substrate and water requirements of some native grasses of the Northern
Territory, and how these may influence growth and persistence; and overall
the most appropriate substrate treatments, species, seed treatment and
establishment protocols for effective erosion control at the Craig Creek site.
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2.0 Craig Creek site: vegetation and soil description
2.1 Introduction
Monsoonal Australia is characterised by frequent and high intensity rainfall events that
occur in the wet season between November and March. Soils are frequently
waterlogged during this period and high levels of overland flow can occur. The lack of
slope and high levels of litter cover in the savanna landscape generally act to protect the
soil against erosion (Russell-Smith et at., 1995). However the disruption of the soil
surface from disturbances such as hard hooves or vehicles can leave fragile soils
exposed and hence susceptible to erosion during periods of overland flow (Greene et al.,
1994; Skeat et a/., 1996). As the soil relies on surface cover for erosion protection, once
that surface cover is removed then the soil can be highly susceptible to erosion (Ludwig
& Tongway, 2002). Such is the case at the Craig Creek site.

The chemical and physical properties of the soil can play a significant role in the success
of plant establishment (Montalvo et at., 2002). With a suitable physical and chemical
environment the seed is able to access the resources necessary for growth. The
physical properties of the soil, including soil structure, surface sealing, crust formation
and compaction of the soil surface, all influence the success of plant establishment and
the moisture levels available for growth. The chemical environment that the soil
provides such as nutrients and moisture levels, sodicity, salinity and pH, also influence
-

plant growth (Karlen et at., 2003). The level of sodicity, salinity and the pH of a soil can
determine the amount of nutrients available to plants and the moisture availability
through the osmotic potential within the soil matrix (Brady & Weil, 1999).
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The soil type is an important consideration in this investigation into plant reestablishment
on degraded areas as it is a strong determinant of soil properties. Soil properties such as
pH, nutrient levels, moisture status, salinity levels and the presence of toxic ions
determine which species will grow in an area, and also influence plant growth and the
erosivity of soil (Brady & Weil, 1999). These properties can change dramatically within
the soil profile, and the loss of whole layers of the soil profile due to erosion can create
new edaphic environments to which local plants may not be adapted to (Ludwig et al.,
1999; Morgan, 1986).

The aims of this chapter are, for the Craig Creek area, to;

assess which species were surviving in the eroded zone and hence their
potential for use in management of erosion in the area; and
describe the soils physical and chemical characteristics to assess if they
influence its susceptibility to erosion and constrain plant growth.

2.2 Methods

2.2.1 Grass composition and cover at Craig Creek
To determine the species that had successfully established on the Craig Creek site,
three 50m transects were located across the eroded site. The transects were placed to
incorporate the following three major soil surface types found in the scald zone: fine
sediment, gravel and topsoil. The topsoil plots were located in positions that were
already affected by the encroachment of the scalded zone, and most of them were
undermined and had peds crumbling from the soil profile into the eroded zone (Figure
2.1.)
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Permanent pegs were placed at either end of each transect and GPS coordinates were
recorded. These transects were monitored at two monthly intervals during the 2003 and
2004 dry seasons (April to November). Fifty contiguous 1 m2 plots were surveyed along
the length of each transect, and all species within each plot were recorded. The plots
were placed on the right hand side of the tape when standing at the zero point and
looking towards the end of the transect. Each plot was categorised as fine sediment,
gravel or topsoil. For each soil category, the proportion of occurrence for each species
along each transect was determined. The mean species occurrence for each soil type
across the three transects was calculated.

Survival for each species in each substrate between the early and late dry season of
2003 was indexed by the proportion of plants present at the end of the interval compared
to the start, and expressed as a percentage.
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Figure 2.1. Topsoil erosion with peds crumbling into the eroded subsoils.

2.2.2 Soil collection for analysis
Three different types of soil were collected from the Craig Creek site in May 2003. These
were: the fine sediment at the centre of the scald; the gravel patches within the scald;
and the topsoil that was being eroded from the edges of the scald. All samples were
taken from the top 15cm of the soil profile. Composite samples from four different sites
for each soil type were taken from the site and sub-samples of 1 oog were prepared
based on the methods described by (Rayment & Higginson, 1992). Chemical analysis
was undertaken by lncitec Pivot Laboratories. Appendix I provides details of the soil
analysis and methods used by the Incitec Pivot Laboratory.

36

2.3 Results
2.3.1 Transects
Of the 10 species of grass found on the transects three were uncommon and occurred
on less than 5.3 % (8/150) of transect plots (Alloteropsis., Sarga plumosum and
Eriachne burkitti). The remaining seven species were considered for further analysis
(Table 2.1).

Table 2.1 Species that established on the erosion scald at Craig Creek after the
wet season (April 2004). Data represents the mean (± standard error) proportion of
plots per transect supporting each species in each substrate type.

Species observed in transects
Aristida macroclada Henrard
Eragrostis rigidiuscula Domin.
Ectrosia leporina R. Br.
Ectrosia spp.
Schizachrium fragile (R.Br.) A.Camus
Panicum decompositum R.Br.
Eragrostissororia Domin.

Substrate that species occurred in
Percentage of plots (SE.)
Fine sediment Gravel
Topsoil
3.2 (3.2)
0
47.2 (23.7)
20.7 (6.5)
9.0 (9.0)
22.9 (2.1)
40.0 (17.2)
33.3 (15.6)
5.6 (2.8)
15.5 (8.6)
5.8(3.1)
0
13.4 (7.4)
6.2 (4.2)
25.0 (21.0)
22.7 (7.0)
9.9 (5.7)
19.4 (19.4)
23.6 (4.8)
12.0 (6.6)
13.2 (5.9)

The seven species occurred on at least two substrates, with the majority of species
occurring on all three soil types. This indicates that all substrates are receptive to some
level of plant establishment, and that a generalist suite of grasses capable of growing on
all three exists in the local area (See Fig. 2.2a and 2.2b). The annual Ectrosia spp. did
not appear in any plots after the early dry (April and May 2003) measurements.

Grass establishment on the gravel substrate was generally very low with Ectrosia
leporina the only species occurring on 30% of gravel plots, Aristida macroclada was the
only species found mainly on the topsoil and not on the other two substrates. The
presence of E. rigidiuscula, E. sororia and P. decompositum at the end of the dry season
(November) was highest on the fine sediment substrate (with percentages of 64%, 91%
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and 44% of plots respectively, that had species present in April 2003 present in
November 2003

-

See Figure 2.2a and 2.2b).

P. decompositum and E. rigidiuscula were the only species on the gravel surface by the
end of the dry season, where numbers of establishment (see Figure 2.3e and 2.3c) and
percentages of survival were low for all species.

Based on the percentage of plots per transect supporting each species, the
establishment on the gravel substrate was relatively low. E. leporina was the only
species that established on >30% of gravel plots per transect (Figure 2.3b). Presence of
species in plots by the end of the dry season was low, with <3% of gravel plots
supporting any grass species by November (Figure 2.3a-f). P. decompositum and E.
rigidiuscula were the only species that persisted on gravel plots through the dry season
(Figure 2.3c and 2.3e).

Establishment and persistence on the fine sediment varied between the species. For
example A. macroclada establishment was very low (<5% of fine sediment
plots/transect), whereas P. decompositum, S. fragili and E. rigidiuscula were moderate
(-15-20% of fine sediment plots respectively). E. sororia and Ectrosia leporina had
relatively high establishment numbers in the fine sediment plots (30-40%). All A.
macroclada, S. fragili and Ectrosia leporina grasses on fine sediment plots died during
the dry season and the relatively high mortality of E. rigidiuscula and P. decompositum
resulted in the proportion of fine sediment plots with these species present dropped to
<10% by November. The number of plots with E. sororia remained steady throughout the
dry season.
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A. macroclada established on >45% of topsoil plots (Figure 2.3a); and >20% of topsoil
plots per transect had E. rigidiuscula and S. fra gill present in May at the beginning of the
dry season (Figure 2.3c and 2.3f). Persistence through the dry season on this substrate
was low for all species (Figure 2.3a-f), and by November A. macroclada, E. rigidiuscula,
E. sororia and P. decompositum were the only species present on any of the substrates.
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Figure 2.2a&b May 2003 (a) and April 2004 (b) establishment of grasses along a
50m transect with presence/absence measurements in 1m2 plots. This measured the
post wet season flush of growth prior to the dry season drought commencing, when
peak plant establishment and growth was apparent. The y axis represents the
percentage of plots that contained each species in each substrate of the transects.
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2.3.2 Soil chemical analysis
The pH levels of the gravel and fine sediment layers, which are both exposed subsoils,
are both neutral. The pH affects the availability of micronutrients in a soil and hence both
the plant and soil micro organisms that are able to live in it. The pH range found in the
soils at Craig Creek are moderate (See Table 2.2) and are unlikely to affect plant growth
(Brady & Weil, 1999).

The Exchangeable Sodium Percentage (ESP) of these soils is the most important result
returned from the laboratory analysis. The very high levels of sodium in the soil affect the
structure, nutrient availability, water infiltration and retention capacity of the soil and,
therefore, the ability of soil biota and plants to be present in the soil (Leeper & Uren,
1993). The organic carbon levels are below the 2% cited by (Karlen et al., 2003) as the
minimum required for soil stability.

The Electrical Conductivity (EC) of the soil gives an indirect measurement of the salt
content of the soil. An EC of greater than 4 ds/m in a 1:5 extract is considered a saline
soil (Brady & Weil, 1999). None of the soil types above approach this level of electrical
conductivity.

The trace elements in the fine sediment sample were much lower than the other two soil
types, and all soil types had very low levels of the major nutrients: nitrogen, phosphorus
and potassium.
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Table 2.2. Soil properties of soil types at Craig Creek erosion site NB: See Appendix I
for soil analysis methods
Topsoil
Soil Properties
Fine sediment
Gravel
Colour

Yellow brown

Yellow brown

Yellow brown

Texture

Silty Loam

Clay Loam

Clay Loam

pH(1:5Water)

7.6

7.4

5.4

ESP (sodium % of cations)

70

30

2

<0.15

0.16

0.36

Elect. Conductivity dS/m

0.74

0.21

0.03

Nitrate Nitrogen mg/kg

2.08

2.23

0.537

20

29

26

Kmg/lOog

1.29

3.31

3.15

Ca mg/bOg

77.9

34.8

19.8

Mgmg/lOOg

8.7

15.2

81.4

Na mg/lOog

79.8

36.4

14.3

Sulfate Sulphur(KC140)mg/kg

520

120

13

0.053

0.073

0.9

60

7.2

8.7

0.46

0.45

0.49

Iron (DPTA) mg/kg

7.5

10

14

Zinc (DTPA) mg/kg

0.37

0.52

0.99

2.2

4.9

2.9

Boron (Hot CaCl2) mg/kg

0.067

0.14

0.2

Aluminium Saturation %

1

2

30

4.66

4.72

2.7

41

75

110

Organic carbon (%)

Phosphorus (Colwell) mg/kg

Aluminium (KCI)Meq/lOOg
Chloride mg/kg
Copper (DTPA) mg/kg

Manganese (DTPA) mg/kg

Cation Exch. Cap. meq/lOOg
Phosphorus Buffer Index (PBI-Col)
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2.4 Discussion
Determining which plants were already establishing and persisting on the soil surfaces of
the eroded area was an essential first step, as those species that can self-seed and
establish in the area are preferable to the more labour intensive and facilitated process
of seeding and transplanting (Kennedy etal., 2001). The germination requirements for
these species are explored in Chapter 3 to determine the optimum conditions for
maximum germination. Three species that had established by April on the erosion scald
persisted until November, the end of the dry season. Given the challenging soils at the
site coupled with the extensive mobility of the fine sediment plots identified in the course
of this study, the presence of local species self establishing on the scald zone is
encouraging for the rehabilitation of the site. However, without a much greater level of
persistence through the course of the dry season, erosion cannot be controlled
effectively.

Grass species on the site included both annuals and perennials and Schizachrium fragili
was the dominant annual. The production of biomass by annuals contributes both to the
amount of organic matter in the soil system and to the potential fire risk due to the fuel
load created. Both of these points are salient only if all organic matter is not lost during
the annual flows of water through the scalded zone during the wet season.

Although the results of the transects are encouraging for demonstrating an ability for the
local species to establish, further observations of the survival of individuals over the
period of water flow (November to March) will demonstrate the ability of the species to
stabilise the surface in the area (Tongway & Ludwig, 1997). The survival rates of
individual grasses at the site will be assessed in Chapter 4.
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The Craig Creek soils are characterised by low nutrient levels, low organic content and
the subsoils have a high exchangeable sodium percentage. Soil organic matter is crucial
for the cycling of nutrients in a self—sustaining system. It stores and cycles most of the
nitrogen and phosphorus in the soil, as well as other plant nutrients (Duxbury etal.,
1989). For the restoration of grassland in an arid region, Li etal., (2004) found that an
increase of soil organic matter from 0.06% to 1 .34% took 46 years. The process of
organic matter production is likely to be faster in tropical regions where rates of
decomposition are faster (de Silva & Cook, 2003). Trumbore (2000) found that tropical
soil organic matter is dominated by nutrients fixed within the past year, indicating a faster
turnover rate than that of arid regions. Although the topsoil layer of the profile has a low
ESP, the high ESP of the subsoils marks them as vulnerable to water erosion and very
hostile to plant growth. ESP percentages of 15% are considered to limit growth for many
plants. Above 15% ESP, soils become highly dispersive and vulnerable to surface
sealing, compaction and tunnelling above (Brady & Weil, 1999).

Soils with high levels of sodium (ESP > 6%) are susceptible to fine sediment dispersion
which leads to sealing, crusting, low permeability and low porosity (Qadir et al., 2001).
Burying sodic materials under a stable soil cover, managing the water flows over and
through the soils, or treating the exposed materials with amendments have been
identified as the three main methods of managing dispersive soils available to land
managers (Raine & Loch, 2003). The gravel soils of Craig Creek were shown to have
30% ESP and the fine sediment 70% ESP. These very high levels of sodicity should be
viewed as the main driver of erosion in the Craig Creek area. These subsoils present a
major incentive to avoid the initiation of erosion wherever possible. Once uncovered they
are very difficult to restabilise (Naidu etal., 1993). This makes the establishment of
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grasses on these soils challenging due to the physical and chemical issues associated
with sodic soils already discussed. Soil amelioration options to promote plant growth in
the sodic and nutrient poor soils of Craig Creek are explored in Chapter 5.
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3.0 Germination characteristics of grasses from Craig Creek

3.1 Introduction
Soil stabilisation and revegetation programmes often focus on the re-establishment of
grasses because they bind the upper layer of soil and so act as a barrier to water flow
and a sieve to collect nutrients in degraded areas. They can establish rapidly and
stabilise soil to minimise erosion caused by rain splash, water streams and wind
(Tongway & Ludwig, 1997). Features highly desired in species selected for rehabilitation
include species that are local to the site, have abundant viable seed and are perennial,
drought resistant, fast growing, have a large foliage cover area and a high root: shoot
ratio (Carroll & Tucker, 2000; Devine etal., 1998; Harwood etal., 1999; Lane, 2002;
Melville & Morgan, 2001).

Native Australian grasses generally conserve more soil moisture and are more tolerant
of soils of low nutrient status than introduced species (Windsor & Clements, 2001). This
makes native grasses ideal for degraded sites where growth conditions are challenging
(Windsor & Clements, 2001). The use of native grasses for rehabilitation has increased
due to increased public concern regarding biodiversity conservation and ecological
impacts associated with the introduction of exotic grasses (Berryman etal., 1996; Grant
etal., 2002). If seeds are used from the local provenance of the selected native species
they retain the characteristics of the locally adapted species, and will be suited to the
climatic and edaphic conditions of the area requiring rehabilitation (Harwood et al.,
1999).

Collection of large quantities of seeds of native grasses suitable for use in large scale
projects can be difficult to achieve. Firstly it requires large quantities of mature seeds
available in one place. The very short periods in which mature seeds are retained on the
plant in some species can present a challenge to successful seed collection. At Mt
Bundey, collection may be hindered by the fact that the suite of grasses found in the
area seed between November and April (Ashwath etal. 1994). This period coincides
with the wet season, when vehicle access to seeding swards is difficult. Seed harvesting
can also be difficult because many native species have low numbers of fertile spikelets.
For example, only one in seven spikelets were found to be fertile in Themeda triandra
(Sindel etal., 1993).

Even if sufficient seeds are obtained other seed biology issues can present obstacles to
the use of local grasses in rehabilitation. These include seed lots of low viability or seeds
which have germination or dormancy requirements that are not understood, or difficult to
achieve under field conditions. An understanding of the viability of a seed lot and of the
germination requirements of desired species should be acquired prior to seeding to
ensure that where possible, these requirements can be met so that seeding is cost
effective (Bell, 1999; Koch & Dixon, 1999; Paterson etal., 2001).

A viable seed can germinate under favourable conditions, providing any dormancy that
may be present is first removed (Gravina & Beltairs, 1999). As well as the variation in
viability rates between species and provenances, the viability of a seed lot can also
depend on controllable characteristics such as the timing of collection, seed moisture
content and the storage procedures used after harvest (Morse, 1996).Some grass
species in Australia have very low viability rates (14% of seeds in Themeda triandra)
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(Sindel et al., 1993) which can limit their use for rehabilitation unless large quantities of
seeds are available.

Viability can be assessed by several methods, including germination tests in which the
seeds are placed into stable environments with moisture in an incubator. However if
germination rates of the seed are low then this is not necessarily related to low viability.
Environmental conditions may not be suitable for germination if: temperature, light or
moisture are inhibiting factors; dormancy mechanisms are in place, or the proportion of
viable seed is low. If germination is high, then it is a good test for viability of the seed lot
(Coukos, 1944). A method of testing for seed viability that takes dormancy into account
is to use chemical tests that assess whether or not the metabolism of the seed is
functional (Ooi etal., 2004). To determine what is causing the low germination rate,
tetrazolium chloride salt can be used to elucidate the proportion of viable seed. Viable
embryos release hydrogen ions during respiration, which combine with the tetrazolium
causing it to turn pink or red. Viability can therefore be determined by those seeds which
stain pink or red (Baskin & Baskin, 1998). When viability is much greater than the
proportion of germinated seeds, either germination conditions are inadequate or some
type of dormancy may be affecting the germination results (Morse, 1996).

Seed dormancy can also prevent a seed from germinating. A seed with dormancy
mechanisms operating does not germinate despite normally favourable environmental
conditions and a viable seed (Bewley, 1997; Nolan etal., 1996). Dormancy is when a
seed does not germinate due to a property of the seed rather than the environment. Two
general types of organic dormancy occur; endogenous and exogenous dormancy. In
endogenous dormancy some characteristic of the embryo prevents germination.
Exogenous dormancy is when some characteristic of the seed structure external to the
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embryo prevents germination. Before either endogenous or exogenous dormant seeds
can germinate, changes must occur in the seeds that remove the block (Baskin &
Baskin, 1998). Physiological dormancy is when a physiological inhibiting mechanism of
the embryo prevents germination. The non deep physiological dormancy is the shortest
lived of the physiological dormancy types, and grasses, weeds and vegetables
characteristically exhibit non deep physiological dormancy (Baskin & Baskin, 1998). The
seed usually requires specific environmental cues (eg temperature or light) to trigger
germination after a maturing process has taken place. Whether or not this process is
most influenced by the structure of the seed, the embryo or the interplay of the two is
poorly understood (Baskin & Baskin, 1998).

Treatments found to successfully overcome dormancy include the use of smoke water,
gibberellic acid and nitrate (Farley etal., 1999; Read & Bellairs, 1999). The use of these
treatments can enable successful breaking of dormancy and the subsequent increase in
the proportion and reliability of seed germination. For example, fire breaks dormancy by
heating seeds or by exposure of seeds to chemicals released or produced by
combustion. Heat charring and smoke are agents that signal an improved habitat for
many plants due to fire (Koch & Dixon, 1999). Smoke water is a chemical stimulant that
interrupts dormancy mechanisms in many plants. Many Australian plants are responsive
to the chemicals in smoke water as a favourable indicator of germination (Baxter & Van
Staden, 1994; Bell, 1999; Dixon etal., 1995; Peter et al., 2000; Read & Bellairs, 1999).
Many subtropical and tropical grasses have specific post ripening requirements to break
dormancy (Koch and Dixon, 1999; Ashwath etal., 2003; Fesuk and Ashwath, 2004).
Read & Bellairs (1999) found that the use of smoke water increased the germination of
Cymbopogon refractus two-fold.

Gibberellic acid and potassium nitrate are recognised as being effective chemicals to
break physiological dormancy in many species. Gibberellic acid is a chemical signal
produced in many plants to stimulate growth. A seed exposed to this chemical may have
its dormancy mechanism removed and germinate (Baskin & Baskin, 1998). The
exogenous application of gibberellic acid is believed to mimic the gibberellic acid
production that a seed would be exposed to under normal dormancy breaking
conditions. Potassium nitrate is an inorganic chemical that can stimulate germination in
plants. This is thought to be an effective chemical indicator of gaps in vegetation

-

where

vegetation is present available nitrates are generally absorbed. After soil disturbance
nitrate levels are frequently higher than in soils in an undisturbed state, allowing seeds to
detect gaps in the vegetation (Baskin & Baskin, 1998). Application of potassium nitrate
is believed to provide an environmental signal to the seed that soil disturbance has
occurred and that conditions are favourable for germination (Baskin & Baskin, 1998).

It is important to carry out seed biology studies on populations of the species at the
study site, as even though some species are widespread and have been studied
extensively in southern Australia, the relevance of these studies may be limited in
northern Australia due to the variation between widespread populations of a species
(Koch & Dixon, 1999). Differences in dormancy occur between provenances within many
species worldwide and within Australia (Davies etal., 2001). This is particularly
important for wide ranging species such as Themeda triandra (Cole & Lunt, 2005; Cole
etal., 2004; Lunt, 2003; Sindel etal., 1993). A study of eight Themeda triandra
populations collected between Hobart and Katherine found that dormancy ranged from
negligible in sub-tropical populations, intermediate in the temperate populations to
considerable dormancy in those seeds collected from arid zone populations (Groves et
al., 1982).
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The aim of this study was to assess whether or not grass species growing at the Craig
Creek site have germination characteristics suitable for use in large scale erosion control
and restoration projects in the area. Specifically, the objectives were to:

determine seed viability and seed germination of the main grass species
found at the site under different conditions;
assess the effect of various dormancy treatments on the germination
response of species with dormant seeds.

3.2 Methods

3.2.1 Germination studies
The germination and viability of seed from 15 species found in the Mt Bundey region
were determined. Only species found in the Mt Bundey region were considered, with
local species determined from vegetation surveys conducted in the area by Tunstall et
al., (1998) and the transects described in Chapter 2. Seeds were collected locally from
the Mt Bundey area where possible. Greening Australia provided seed for species where
harvest was not possible due to timing or access restrictions. These were collected from
various localities around the Top End by Greening Australia. Table 3.1 details the 15
species for which seeds were sourced, the date of collection and the region of seed
harvest.
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Table 3.1 Grass species and the collection location of seeds examined in the
germination trial. The seed lots were collected by Taegan Calnan (TC) or Greening
Australia (GA)
Collected Collection
Collected
Species

by

Date

from

Aristida macroclada Henrard

TO

May-03

Mt Bundey

Bothriochloa bladhi (Retz.) S.T.Blake

GA

Feb-02

Darwin Area*

Brachyachne convergens (F.Muell.) Stapf

GA

May-03

Katherine Area*

Dichanthium sericeum (RBr.) A.Oamus

GA

May-03

Darwin Area*

Era grostis rigidiuscula Domin

TO

May-03

Mt Bundey

Era grostis sororia Domin.

TO

May-03

Mt Bundey

Eriachne burkitti Jansen

GA

Apr-02

Darwin Area*

Eu/a/ia mackinlayi (F.Muell. ex Benth.) Kuntze

GA

Apr-02

Darwin Area*
Darwin Area*

Heteropogon contortus (L.) P.Beauv. ex
Roem. & Schult.

TO

May-03

Panicum decompositum R.Br. var.

Mt Bundey

decompositum

TO

May-03

Paspalum scrobiculatum L.

TO

May-03

Mt Bundey

Vacoparis lax/forum F.M.Bailey

GA

May-03

Katherine Area*

Sarga intrans F.Muell. ex Benth.

GA

May-03

Darwin Area*

Themeda triandra Forssk.

GA

Dec-01

Darwin Area*

Triodia bitextura Lazarides

GA

Dec-01

Darwin Area*

*Collected from within a 100km radius from the urban centre.
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3.2.2 Viability testing

The viability of the seeds was tested using tetrazolium chloride based on the methods
described in the International Seed Testing Associations guidelines (ISTA, 1993). Seeds
were imbibed in a 1 .5% tetrazolium chloride aqueous solution for 24 hours. The seeds
were then cut so that the embryo was bisected laterally and the colouration of the
embryo was examined. The extent to which the tetrazolium had reacted with the live
caryopsis and stained the seed was used to indicate whether the seed was viable (ISTA,
1993). For a seed to be considered viable, the embryo was stained, and the remainder
of the caryopsis was at least partially stained. Seeds that showed no staining at all were
considered non viable.

3.2.3 Dormancy Treatments

Germination was assessed for untreated seeds, and in addition four dormancy
treatments were tested for their impact on germination response. These four treatments
were gibberellic acid, potassium nitrate, smoke-water and scarification. The dormancy
treatments were used to explore their effect on the germination of each species.
Gibberellic acid (GA) was in an aqueous solution of 50 mg/L of GA3, with 10 mL of the
solution used to moisten the filter paper of the Petri dishes. Potassium nitrate solution
(0.2 %) was applied at a rate of 10 mL per Petri dish. Water saturated with smoke
derived from plant smoke sources was sourced from Kings Park Botanic Gardens
Research Laboratories, Perth, W.A., and was produced according to the methods
described by Dixon et al. (1995). The aqueous solution applied to the seeds was made
up with 1 part smoked water to 9 parts distilled water.
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Scarification was performed only on those species that have seeds large enough to
ensure that it did not damage the embryo. Scarification involves cutting the outer coating
of the seed to increase moisture imbibition through the coating when the structure of the
seed is inhibiting the germination of the caryopsis (han et al., 2002). The glumes, palea
and lemma were removed from the seed and the caryopsis placed in the Petri dish (25
seeds x 4 replicates). Those species that have seeds with no external structures
(attached glumes, palea or lemma), or that were damaged during the dehusking did not
have this treatment applied (i.e. Bothrioch!oa bladhi, Era grostis rigidiuscula, Era grostis
sororia, Panicum decompositum). Dormancy trials were carried out on Petri dishes and
sand media as described below.

3.2.4 Germination substrates

Two germination substrates were explored Petri dishes with filter paper in an
-

incubation cabinet and sand trays in shadehouse conditions. Trials were conducted
between July and October 2003

In the Petri dish trials, each species was tested for germination response to the four
dormancy treatments and a control, with four replicates each with 25 seeds. The seeds
were incubated for 42 days in Petri dishes in a controlled temperature cabinet at a
constant temperature of 25°C ±2 °C and exposed to a 12 hour white light: 12 hour dark
regime. In germination studies conducted in Jabiru, the optimum temperature for
germination was 25°C for three of the five species (Lane, 2002). The temperature and
light regime used here were considered appropriate in order to maximise germination for
the range of species being studied (Aamlid, 1998; Smith etal., 1999).
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The 9 cm sterile plastic Petri dishes were prepared by placing four sheets of Grade 42
Filter Paper (90 mm) into the dishes followed by addition of 1 0mL of sterile water. The
seeds were then placed on the moist filter papers and covered with an additional 5mL of
distilled water containing Banrot fungicide solution (0.8 gL 1). Preparation of the dishes
was carried out in a sterile laminar flow cabinet to minimise contamination.

Germination was assessed on a weekly basis from first day of placement in the
incubation cabinet. Seeds were considered to have germinated when the emerged
radicle was >1mm. As seeds germinated or died they were removed from the Petri dish.
Death of a seed was judged by the seed becoming discoloured. The seed was then
tested for firmness with tweezers and if spongy removed. At completion of the
experiment the seeds were dissected and assessed for the presence of a healthy
caryopsis. A caryopsis was considered healthy if no discolouration had occurred (i.e.
black or dark patches on the seed) and if the caryopsis was still firm.

In the sand tray trials the germination proportions of untreated seeds were assessed.
For each species, four replicates (each of twenty five seeds) were placed in an
autoclaved sterile sand bed in plastic trays (34 cm x 28 cm x 5 cm), and watered with
280 mL of tap water per tray for ten minutes twice daily. Seeds were placed on the
surface of the sterile sand, and then a layer 2 mm thick of sand was sieved over the top
of the tray to cover the seeds. The trays were transferred to shadehouses (30%
shading). In prior studies on tropical grass germination fluctuating temperatures were
found to promote higher germination rates (Mott, 1978), but no such fluctuating
treatments were introduced in these experiments.
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The experiment commenced in June 2003 and germination was monitored weekly for six
weeks.

3.2.5 Statistical Analysis

The effect of substrate and of dormancy treatments on germination were tested using
Analysis of Variance (ANOVA). All data were arcsine transformed prior to analysis
(untransformed data appears in all tables and figures). Assumptions of ANOVA were
checked using Levenes test for homogeneity of variances. Tukeys post hoc test was
used to determine significant differences between treatment means. Analyses were
performed using STATISTICA 6.1 statistical package (Statistica Software, 2002). The
variation in germination responses of species, and different germination conditions, were
assessed by a series of one way ANOVAs with the factor being either Species (Fixed) or
Dormancy Treatments (Fixed) for assessing the effects of the treatments applied to the
seeds in the in the Petri dishes, and Germination Conditions (Fixed) for comparing the
germination of untreated seeds in the Petri dishes with that in the sand.

3.3 Results

3.3.1 Viability

Viability varied greatly between different species and is therefore an important factor to
consider in germination trials. Seed viability was <5% for three species; B. bladhii, E.
mackinlayii and S.plumosum. Bothriochloa bladhii had a significantly greater proportion
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of seeds germinate in the germination cabinet than the proportion indicated as viable in
the tetrazolium tests suggesting an error in interpreting the tetrazolium test results (27%
of seeds germinated vs. 0% viable; F2,9 =2292.9, P<0.05) (Figure 3.8.). Seed viability
was found to be greater than 85% in the tetrazolium tests for three species; E. sororia,
E. rigidiuscula and V. lax/forum. The viability and germination proportions are compared
in Figures 3.1- 3.4.

3.3.2 Dormancy Treatments

The dormancy treatments had significant effects on three of the 15 species (Table 3.2),
where response to treatments resulted in germination proportions significantly higher
than the control rate. These were Brachyachne convergens (F518=3.69, P<0.05, Tukeys
post hoc test Scarification>Potassium nitrate>Smoke water=Gibberellic Acid=Control),
Dichanthium sericeum (175,18 =8.41 P<0.01 Tukeys post hoc test,
Scarification>Control=Potassium nitrate=Gibberellic Acid=Smoke water) and Eragro st/s
rigidiuscula (F415 =8.00 P<0.01, Tukeys post hoc test, Potassium nitrate >Gibberellic
Acid >Smoke water=Control).
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Table 3.2 Summary of species response to dormancy treatments.
Potassium Gibberellic
Control

nitrate

Acid

Mean

Mean

Mean

Mean

Mean

%(S.E)

% (S.E)

%(S.E)

%(S.E)

%(S.E)

Aristida macroclada

18(3)

39(8)

32(7)

28(4)

31(9)

Bothriochloa bladhii

27(1)

31(5)

22(9)

23(5)

N/A

Brachyachne

7(1)
27(7)

8(2)

7(2)

32(7)

Treatment

Species

convergens

Smokewater Scarified

Dichanthium sericeum

0

0

0

0

8 (3)

Eragrostis rigidiuscula

1 (1)

38 (11)

8 (2)

0

N/A

Eragrostissororia

1(1)

10(4)

11(6)

0

N/A

Eriachneburkitti

1(1)

0

U

0

0

0

0

0

0

0

Heteropogon contortus

71(7)

73(11)

44(6)

52(15)

39(6)

Panicum decompositum

2(2)

11(5)

1(1)

11(4)

N/A

Paspa/um scrobiculatum

0

0

0

0

0

21(3)

16(2)

19(4)

6(2)

22(4)

Sarga plumosum

1(1)

0

0

0

2(1)

Themedatriandra

0

U

1(1)

0

0

Triodia bitextura

0

0

0

0

0

Eu/a/ia mackinlayi

Vacoparis/axiforum
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3.3.3 Germination
Both Era grostis and Aristida macroclada were slow to germinate in the incubation
cabinet trials. H.contortus, P.decompositum, and V. laxiflorum had completed the
majority of their germination (>75%) by the second week in the incubation cabinet. For
A. macroc/ada the germination rate was more rapid for the Gibberellic acid treated
seeds. These seeds germinated three weeks prior to the control and other dormancy
treatments. Gibberellic Acid did not significantly increase the amount of germination of
A.macroclada seeds.

Five of the 15 species had greater than 50% germination in at least one of the trials (E.
sororia 100%, E. rigidiuscula 95 ± 5%, H. contortus 73±11%, P. decompositum 67 ±
5%, V. lax/forum 92 ± 8%) (Figure 3.1). These five species had high proportions of
viable seed when tested in the tetrazolium trials. Of these species, E. rigidiuscula had
significantly increased germination following the potassium nitrate dormancy treatment
(Table 3.2). However, in contrast, for the other four species dormancy did not appear to
be an inhibiting factor in germination for the other four species given the high
germination proportions in the sand shadehouse trials. E. sororia had significantly
greater germination in the sand shadehouse trials than the incubation cabinet (F2,9 =
9.00, P<0.01, Tukeys post hoc test, Sand>lncubation cabinet).
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Figure 3.1. Five most responsive species to incubation cabinet, sand germination
trials and dormancy treatments. Viability proportions of the seed lot are also shown.
Columns are means and vertical bars are standard errors.

B. bladhii, B. convergens, D. sericeum, E. burkitti and A. macroclada all had 25-50% of
their tested seed germinate in one or more germination conditions. B. bladhii, B.
convergens, D. sericeum all had germination rates that were comparable to the
proportion of viable seeds. Neither the E. burkitti or A. macroclada responded
significantly (P

<

0.05) to the dormancy treatments and their control levels of germination

were E. burkitti 1%

±

1 and A. macroclada 18%

±

3. However both had responses of

>40% germination in the sand shadehouse trials (E. burkitti 52% ± 14.; A. macroclada
47%

±

6). D. sericeum had significantly greater germination in the sand shadehouse

trials than in the incubation cabinet, (F312 = 4.35, P<0.05, Tukeys post hoc test,
Sand>lncubation cabinet =Dormancy treatments).
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Figure 3.2. Five moderately responsive species in incubation cabinet, sand
germination trials and dormancy treatments. Viability proportions of the seed 1t
are also shown. Columns are means and vertical bars are standard errors.
Five of the 15 species had low germinability in the incubation cabinet trials (<5%), and
did not respond significantly (P <0.05) to any of the dormancy breaking treatments (E.
mack/flay/i, P. scrobiculatum, S.plumosum, T.triandra and T.bitextura; see Figure 3.3).
The tetrazolium salt tests revealed the viability of the seed lots of all these species to be
less than 30%. E. mackinlayii and S.plumosum had <5% viable seeds, accounting for
low germination rates.
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Figure 3.3. Five least responsive species to incubation cabinet, sand germination
trials and dormancy treatments. Viability proportions of the seed lot are also shown.
Columns are means and bars are standard errors.

3.4 Discussion

3.4.1 Seed Collection

The collection of seeds in the area was restricted by site access and suitable timing

-

hence species that had seeds collected for research did not encompass all species in
the area that have the desired characteristics for erosion control. The majority of species
that occurred on the transects had seeds collected for the germination research, and
these are likely to be the most appropriate species for erosion control in that area.
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3.4.2 Viability
For the five species that had very low germination responses, low viability of the seed
lots was an important factor. These five species had seed lots with very low proportions
of viable seed, which emphasizing the importance of determining the seed viability prior
to sowing. With seed lots of very low viability, effective establishment for erosion control
would be unlikely. When undertaking projects involving large amounts of seeds, viability
testing is of great importance to prevent sowing dead seeds to avoid wasting the
resources involved in sowing and time. A reliable germination result from a seed lot with
high viability ensures that seeding can be timed to take advantage of favourable
germination conditions (Nolan etal., 1996).

Results from the tetrazolium test provide an important context to interpret the response
of the various species to a range of germination, substrate and dormancy breaking
treatments. A range of species reached near maximum germination rates (according to
the viability test) on the sand substrates (Figures 3.1 and 3.2). Seven of the 15 grass (E.
sororia, E. rigidiuscu!a, H. contortus, P. decompositum, V. laxiflorum. E. burkitti and A.
macroc!ada) species had high enough germination rates to ensure that given a seed lot
with reasonable viability, these species may be useful in field establishment trials.

Although low viability rates can be a characteristic of Australian grasses (Gravina &
Bellairs, 1999), seed collection and storage and the accuracy of tetrazolium tests are all
areas where the viability of a seed can be affected or misinterpreted. Seed ripening,
timing, handling and storage conditions can all influence the proportion of viable seeds in
a seed lot (Mclvor& Howden, 2000; Peishi etal., 1999).
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Tetrazolium tests are mainly used in the area of commercial agriculture, where the
caryopsis of a few important species has been well documented and explored, so that
staining patterns are reliable and interpretable (Ooi etal., 2004). When applied to
Australian grass seeds that are not used for commercial purposes, the basic principle of
the stained caryopsis still applies. However the vagaries of each species and the
reaction of the caryopsis to tetrazolium staining are largely unknown, and hence some
uncertainty in the interpretation of the staining must be employed (Mauromicale, 2000).
This may explain the higher germination percentage in Bothriochloa bladhii seeds than
the proportion of viable seeds according to the tetrazolium testing

The dormancy treatments applied in this study did not increase germination in three of
15 species (20%). Potassium nitrate significantly (P <0.05) increased germination rates
in Era grostis rigidiuscula and Brachyachne con vergens, and scarification significantly
increased germination rates in Brachyachne convergens and Dicanthium sericeum. The
success of scarification indicates an exogenous dormancy present in the two latter
species, which inhibits germination structurally and prevents the environmental factors
for germination reaching the caryopsis, or the presence of a chemical inhibitor in the
seed coat (Baskin & Baskin, 1998). The outer structures of the seed are usually broken
down through soil acidity, temperature fluctuations, ingestion by animals and
microorganisms breaking the dormancy and hence can be treated through mechanical
scarification (Baskin & Baskin, 1998). The use of potassium nitrate is usually successful
in seeds that are also germination sensitive to light, which is associated with species
adapted to colonising disturbed niches (Baskin & Baskin, 1998).
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Heteropogon contortus and Vacoparis lax/forum both germinated to high levels (>70%)
in the incubation cabinet conditions. However all other species that had reasonably high
viability rates (>30%) increased germination rates following dormancy breaking
treatment. Of the fifteen species explored in the study, seven had germination rates high
enough to ensure that seeding could garner a reliable germination response. These
were; E. sororia, E. rigidiuscula, H. contortus, P. decompositum, V. lax/forum, E. burkitti
and A. macroclada. All of these species had germination responses greater than 40%
under conditions that are easily replicable.

Smoke water has been used successfully to break dormancy in many Australian grass
species (Bellairs et al., 1999). Read & Bellairs, (1999) found in studies in NSW that five
of twenty grasses, including Panicum decompositum, Themeda triandra and Dicanthium
sericeum, responded with significantly (P < 0.05) increased germination to smoke water
treatments. Lane, (1999) studied four grasses from the Kakadu region of the Northern
Territory and found that smoke water was not an effective dormancy breaking treatment.
Lane (1999) attributes this to fires occurring in the dry season in the tropical savannas,
when survival after germination is unlikely due to low moisture levels. The results from
this study support Lanes' (1999) theory.

Although B. convergens responded significantly to scarification, the intense manual work
required to scarify seeds successfully renders this dormancy treatment impractical when
used for large areas unless a mechanical scarifier is available.
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3.4.4 Germination substrate responses

There was great variation between the germinability of species in the incubation cabinet
and shadehouse trials. The higher germination response from seeds in the sand in the
shadehouse environment compared to the Petri dish environment may have been due to
several factors, such as the greater contact offered between the sand media and seeds,
which can provide more moisture to the seed; a greater number of micro sites for seeds
due to the more complex microtopography on the sand substrate; and varying moisture
levels between the treatments. With respect to the latter factor, the sand substrate
received more water and drained more quickly, both of which can be important indicators
for seed in favourable environments (Bell, 1999; Bewley, 1997). The high germination
response from many species on the sand substrate warrants further exploration.
Whether this is a response to substrate or temperature cues could prove important
information in attempting to ensure high germination rates of grasses in northern
Australia.

The greater germination in the sand could also be attributed to the fact that the 25°C
temperature used in the incubation cabinet was at the lower end of recommended
temperatures for the suite of species explored (Bewley, 1997; Groves, 1965; Paterson et
al., 2001). The higher ambient temperatures found in the shadehouse may have
prompted greater germination rates (Bell, 1999; Mauromicale etal., 2000; Mclvor&
Howden, 2000; Morgan & Myers, 1989; Smith etal., 1999).

The combination of the transect data from Chapter 2 with the germination data reveals a
suite of species that is already establishing on the scalded area and that could be
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germinated effectively for large scale use for sowing or establishing as tubestock. The
high level of growth on a site with challenging soils bodes well for finding local grasses
that are able to survive the dry season and abate the erosion that is most damaging
during the first rains of the early wet season (Morgan, 1986; Russell-Smith etal., 1995).
Following germination success of a viable seed lot, the initiation of the biotic processes
necessary to restoring ecological function and stabilising the surface of the to the eroded
area requires the establishment, survival and persistence of these species on the
scalded zone.

In Chapter 2, this study showed that a suite of native grasses can establish on the
erosion scald at Craig Creek. The current chapter has demonstrated that high viability
seed with high germinability can be collected from a suite of native grass species,
including at least four species already established at the site (A. macroclada, Era grostis
rigidiuscula, E. sororia, Panicum decompositum). The results here suggest that by
increasing the chance of native grass establishment following natural or artificial seeding
concomitant with increasing the survival of these grasses throughout the dry season, will
in turn increase the protection of the soil surface and hence limit erosion impacts.
Chapter 4 will therefore investigate soil surface treatments to increase soil stabilisation
and grass establishment at the Craig Creek site.
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4.0 Soil surface treatments for site stabilisation and grass
establishment
4.1 Introduction

It has been noted previously that grass cover can be highly effective at controlling
erosion. A possible option to halt soil erosion would be to allow unassisted recovery of
the protective grass layer. However, Yates et al., (2000b) note that simply removing the
drivers of disturbance from a degraded area is not likely to result in the restoration of
ecological function in an area, especially if the conditions and resources of the area are
above or below critical thresholds for some of the species attempting reestablishment.
These critical thresholds may prevent reestablishment of species in an area after severe
degradation. The stabilisation of a system in these conditions will require strategies that
capture resources, increase their retention in the system and improve the microclimate
that will promote further vegetation growth (Ludwig & Tongway, 1996; Tongway &
Ludwig, 1996; Yates etal., 2000b).

The total lack of perennial vegetation on an eroded site may require the active promotion
of patches that will initiate resource capture. This chapter concentrates on those bare
areas on the eroded zone that have not had any plant establishment on them, and are
therefore the most vulnerable to continuing erosion. Ludwig and Tongway (1997)
describe the role of perennial vegetation as patches that trap sediment and litter, slow
the velocity of water flow across the soil surface and increase infiltration and soil
moisture around the tussock. These patches therefore become enriched resource traps
in the landscape. As these patches collect water and nutrient flow, they increase in
fertility, and so increase the soil and litter microarthropods at that patch (Tongway &
Ludwig, 1997). The properties of the soil, or the soil surface, that inhibit vegetation
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establishment can be treated in order to facilitate plant growth and hence resource
catching patches in the landscape.

Protection of the soil surface through the establishment of vegetation is recognised as
the most sustainable and effective method of erosion control. Undisturbed forests and
dense grass cover provide the best soil protection (Brady & Weil, 1999). The ongoing
improvement in soil fertility provided by plant growth, including structural and chemical
properties, improves soil quality and its resistance to erosion (Skukla etal., 2003).

Soil management focuses on ways to prepare the soil to promote dense vegetative
growth and improve the soil structure so that it is more resistant to soil erosion (Karlen et
al., 2003). Soil management includes mechanical methods such as jute, mulch and logs
that manipulate the surface topography of the soil to reduce the flow of air or water in an
attempt to control the amount of energy available for erosion. Through treatment of the
soil surface the moisture availability, level of organic matter and the microsites of the soil
can also be improved. Mechanical means can complement biological means such as
vegetative growth, through increasing soil resistance to erosion (Morgan, 1986).

One method of erosion control is the use of surface covers such as coarse organic
mulch, hydromuich or erosion control fabric, all of which support high germination rates
and plant growth. These treatments help to protect the germinating seedlings from windblown removal, and can induce a microclimate in the top layer of the soil that is more
conducive to plant growth (Jusaitis & Pillman, 1997). The use of mulch can simulate the
role of vegetation cover by protecting the soil from raindrop impact and by reducing the
velocity of wind and water flow over the surface. An additional advantage of mulch can
be the cooling of the upper layer of the soil, retaining soil moisture, especially in the semi
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humid tropical climates (Morgan, 1986). Mulch increases organic matter, which improves
the cohesiveness of the soil, increases water retention capacity and promotes a stable
aggregate structure. Soils with less than 2% organic matter are generally erodible.
However an increase in organic matter in soil can be a long process, as accumulation
within the soil layer requires long time scales for the accrual to effectively improve the
soil properties (Karlen et al., 2003).

Logs are an alternative surface cover which may act to decrease erosion. They can be
used as physical structures to trap water, sediments and litter that are flowing or blowing
across landscapes (Tongway & Ludwig, 1996). Logs can create patches in the
landscape that trap more resources compared to surrounding areas. For example
research in the Acacia aneura semi and rangelands Tongway and Ludwig, (1996) found
30% higher nitrogen and carbon levels in the soil underneath piles of logs and increases
in both water infiltration and soil macrofauna abundance.

Scarification of the soil surface across the contour is one of the most basic erosion
control techniques available (Morgan, 1986). The roughening of the soil surface
increases infiltration, reduces flow velocities and traps sediment. It can create more
suitable sites for seed germination and better tilth for the emerging plant. Water can then
percolate through the soil and plant roots can therefore penetrate the soil (Montalvo et
al., 2002).

This experiment investigates the effectiveness of jute, wire plus mulch and log log
surface covers to determine which would be the most effective for controlling erosion at
the Craig Creek site. One gully in the Northern Territory savanna in the Alligator River
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catchment lost 53 000 tonnes of soil over 15 years (Skeat etal., 1996), indicating the
possible extent of soil loss from a single creek if the erosion is not addressed.

The aim of this study was to develop recommendations for the rehabilitation of erosion
scalds in the tropical savanna landscapes of the Northern Territory by determining the
most effective soil surface treatment to stabilise soil surfaces, and by identifying the
grass species best adapted to establishing in eroded conditions.

The specific objectives were:

to explore the effect of three soil surface treatments at stabilising the soil
surface on the various soil types in the eroded area during the course of a
wet season, in order to assess their potential to manage erosion in the area;
and
to assess whether or not the three soil surface treatments promote grass
establishment and survival on the various substrates of the area and hence
the potential to manage erosion in the area.

4.2 Methods

4.2.1 Experiment design
The experiment aimed to determine the effectiveness of three surface treatments: jute,
wire with straw mulch, and logs, on the establishment and persistence of grasses and
stabilisation of the soil surface. The three surface covers were applied to the three major
soil types on the Craig Creek site; fine sediment, gravel and topsoil, in order to
determine the influence of soil type on the success of surface treatments.
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Four sites were chosen at the scald zone, and each site incorporated the three major
soil types identified in the area. At each of these soil types 28 1 m2 plots were marked
with a permanent post. The 28 plots were assigned randomly to the 4 treatments
(control, jute, wire and straw mulch, logs), resulting in 7 replicates of each treatment in
each soil zone within each site (4 sites x 3 soil types x 4 treatments x 7 replicates.
N=336). Plots were established at least 25 cm apart, and all plots were placed either
along the contour or such that there were no downstream impacts on other plots. A
'Dingo' ripping machine with tines -15 cm apart was then used to scarify the surface of
all plots to a depth of 1-5 cm (Figure 4.1).
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Figure 4.1 Dingo ripper scarifying the substrate prior to placing the soil surface
treatments.
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4.2.2 Jute
The jute matting was a twine loose weave that decayed over time. The jute was a 2.5 cm
weave cut into lengths 130 cm x 130 cm, and was supplied by Barnyard Trading Pty Ltd.
The jute matt was secured to the plot with steel pegs (Figure 4.2).
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4.2.3 Wire with straw mulch
The wire treatment used chicken wire (1800 mm width x 50 mm mesh size x 1 mm wire
thickness) with a layer of straw mulch beneath. The straw mulch was harvested within
50km of the site from swards of annual sorghum and was dried and cured on the stem.
The straw mulch was packed into a dense mat

-

5cm deep over the plots. The chicken

wire was then placed over the top, and secured with steel pegs (Figure 4.3).
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4.2.4 Logs
Logs were collected from within 50 km of the scald zone and the logs were
approximately 10cm diameter, and a minimum of im. Four logs were wired into each
log plot, with small stakes placed at each corner of the plot and each log with at least
two contact points with the soil surface. The logs were placed across the contour of the
eroded zone (Figure 4.4).
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Figure 4.4 Log soil surface treatment on a line sediment plot.
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42.5 Bare control plots
All bare control plots had a steel stake at the top corner of the plot and a steel peg on
the opposing corner to define the plot.

4.2.6 Soil erosion monitoring
Soil erosion monitoring was undertaken to assess the effect of the soil surface
treatments on stabilising the soil surface. This was based on the erosion pin method
described by Rose, (1993). Each of the plots had two permanent posts placed at
opposing corners. A spirit level was projected from a marked point on a corner post
towards the diagonally opposite corner post into the centre of the plot. This ensured that
the measurement was level with the point marked on the post but was not being affected
by any adjacent obstruction, other than the applied treatment. The distance from the
spirit level to the soil surface was measured. This was done in October 2003 and April
2004, before and after the wet season.

4.2.7 Measurement of vegetation establishment and survival
All plots were bare of any vegetation when established in October 2003. Subsequently,
on each monitoring occasion all plants found within a plot were recorded. All grasses
were measured for height and the species identified and recorded. The cover on each
plot was measured visually using a quadrant with 10cm squares delineated by rope
attached to PVC piping at 10 cm intervals down all sides and stretched across the
quadrat. The number of erosion rills that developed in each plot (nIl > 5 cm in width and
depth) was also recorded. Five measurements were taken between April and November
2004.
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4.2.8 Statistical analyses
Analyses were performed using STATISTICA 6.1 statistical package (Statistica
Software, 2002). Data for soil erosion were analysed using Analysis of Variance
(ANOVA). Assumptions of ANOVA were checked using Levenes test for homogeneity of
variances. Tukeys post hoc test was employed to identify which individual means were
significantly different. The variation in the number of plants established, soil surface
movement and rills were assessed by a series of one way and factorial ANOVA with
factors Site (Fixed), Treatment (Fixed) and Soil type (Fixed). More specific detail is given
after each analysis.

4.3 Results

4.3.1 Soil erosion monitoring
Following plot establishment, three treatment categories lost soil. These were the control
plots on fine sediment, and the log treatments on fine sediment (0.88 ± 0.74 mm) and
topsoil (1.10 ± 0.75 mm). The control plots on fine sediment lost more than any other soil
treatment between October 2003 and April 2004 (3.74 ± 0.56 mm

-

See Figure 4.5). The

fine sediment control plots had significantly greater soil loss than jute, wire plus mulch
and log on fine sediment (F3,93 = 14.78 P< 0.001 Factorial ANOVA (Factors: Site and
Treatment). The sites also varied significantly in soil loss, with site 1 losing significantly
more soil than sites 3 and 4 (F3,93 = 4.94 P < 0.05). There was no significant interaction
between Site and Treatment (Figure 4.5).

The gravel soil was the most stable of the soil types, with no significant soil loss from
any of the treatments (Figure 4.5). The wire and jute treatments accrued soil on all soil
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types. In a comparison across all soil types, wire lost significantly less soil than the
control plots (2 way ANOVA Factors: Mulch treatment (Fixed) and Soil type (Fixed); F
3,329-4.93 ,

P<0.01, Tukeys post hoc test Wire> Control).

Despite the high levels of sodicity of the gravel soil types in the scald, it was the most
stable of the three soil types, being the only one to consistently gain soil on all plots
between October 2003 and April 2004.
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Figure 4.5 Soil surface change measured in millimetres between October 2003 and
April 2004 for each of the soil surface treatments and soil surface media.
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4.3.2 Number of rills
Rills occurred only on the fine sediment soil type. Within the fine sediment plots the
control (5.5 ± 1.3 rills per site) and log plots (3.5 ± 0.87 rills per site) exhibited a
significantly greater propensity to rilling than in the jute (0.75 ± 0.48 rills per site) or wire
plots (0 rills per site) (Two way ANOVA Factors Site and Treatment F 3968.45
P<.001Tukeys post hoc test Control > Jute=Wire). There was no significant effect of site,
nor was the interaction between Site and Treatment significant.

4.3.3 Effect of treatment on grass establishment
Overall 989 perennial grass plants established on the topsoil plots between October
2003 and April 2004, and that for gravel and fine sediment plots, 210 and 55
respectively. The total number of perennial grass plants that established on gravel
substrates over the course of the 2003/2004 wet season was significantly greater in the
jute plots than in the log or control plots (F3123=5.70 P<0.01, Tukeys post hoc test,
Jute>Control=Log). In a factorial ANOVA of all factors (Site, Substrate and Treatment)
all three factors were found to have a significant effect on plant establishment, however
there was a significant interaction between Site and Substrate (Table 4.1).

Table 4.1 Factorial ANOVA of arass establishment
M.S.
s.s
df
Parameter
629
3
210
Site
4818
2
2409
Substrate
211
634
3
Treatment
Site*Substrate
2018
6
336
Site*Treatment
66
590
9
Substrate*Treatment
521
87
6
Site*Substrate*Treatment
1277
18
71
13200
288
46
Error
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F
4.57
52.55
4.61
7.34
1.43
1.89
1.55

P
0.004*
0.000*
0.004*
0.000*
0.175
0.082
0.073

Site 3 and 4 on the topsoil substrate had significantly greater grass establishment than
Site 1 and 2 (Tukeys post hoc test Site 4

=

Site 3

>

Site 1

=

Site 2). These sites were in

areas that had permanent grass populations in closer proximity to all substrates. Topsoil
had greater perennial grass establishment than both gravel and fine sediment (Table
4.1). The most important result for this project is that of the treatment. Jute had a
significantly greater establishment of plants than either the control or wire plus mulch
(Tukeys post hoc test Jute> Control Wire; Table 4.2).

In the topsoil plots grass establishment still occurred at high levels in the control plots,
however average establishment in the control plots was less than a third that of any
other treatment in the fine sediment plots and about half that of any other treatment in
the gravel plots.
Table 4.2 Grass establishment on soil surface treatment plots
Number of perennial grasses established between Oct. 2003 and April 2004 per plot
Fine sediment
Topsoil
Gravel
Control
0.14 ± 0.08
6.67 ± 1.10
0.64 ± 0.26
Jute
0.71 ± 0.27
12.39±2.12
4.46±1.46
Log
0.54±0.49
11.53±3.63
1.18±0.46
Wire
0.57 ±0.19
6.00±1.37
1.50± 0.46

4.3.4 Species that established on the plots
In April 2004 none of the seven dominant species showed a preference for a particular
soil surface treatment in the topsoil plots. ANOVA (Factors Site Substrate and
Treatment) showed that on fine sediment and gravel substrates the jute soil surface
treatments supported more Ectrosia leporina than the control plots ( F3192=3.79 P<0.01
Tukeys post hoc test Jute> Control). Gravel supported a significantly greater number of
plants than fine sediment (F 1,192 8.10 P<0.01) and there were no significant site effects
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on the number of grass plants, nor were there any significant interactions. Seven
species accounted for 89% of plants establishing in plots over the 2003/2004 wet
season (listed in Table 4.3), and in contrast the other 15 species accounted for just 11 %.

Table 4.3 Number of plants established per site in early dry season and
survival to late dry season
Species
Ectrosia leporina
Eu/a/ia annua*
Era grostis rigidiuscula
Eragrostissororia
Aristida macroclada
Panicum
decompositum
Schizachrium f racjile*
*annual species

April 2004
53.50 ± 19.50
79.50 ± 36.40
47.75 ± 15.56
17.25±3.09
37.50 ± 16.24

July
1.25 ± 0.63
0
0
6.00± 1.08
0.75 ± 0.75

41.50±21.82
10.25 ± 4.33

3.00±2.38
0

November
0
0
0
0
2.25 ± 0.85
0
0

4.3.5 Survival of grasses April-November 2004
Of the 1260 plants from 22 different species that established on the site over the
2003/2004 wet season only nine grass plants were still alive in the plots by November of
2004, and all were Aristida macroclada (Table 4.3). Seven were found in topsoil and one
individual each in fine sediment and gravel substrates (both in wire treatments), with no
obvious preference for soil surface treatments on the topsoil (3 jute, 3 wire, 1 log and 2
control). Approximately 25% of the establishing plants comprised annuals (Schizachrium
fragili, Eu/a/ia annua) and so were expected to be absent in the plots by November. A.
macroclada and Era grostis sororia represented 54% and 27% of grasses remaining in
July, respectively.

In the July measurements of E.sororia and A. macroclada there was no discernible
difference between species in their foliage cover of the soil surface. The foliage cover of
A. macroclada in November was less than 10% (± 7) of the 1 m2 plots.
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4.4 Discussion
The stable surface protection afforded by the gravel is most effective in protecting the
soil surface from both rainfall splash erosion and flow erosion (Li, 2003). In the present
study, this soil type was the most stable over the course of the wet season. The loss of
soil on both topsoil and fine sediment substrates where the log treatment had been
applied indicates that this treatment is not an appropriate soil erosion mitigator for the
scald zone. This is contrary to studies conducted in other areas (Tongway & Ludwig,
1996), where the logs accrued significant amounts of soil sediments and litter within the
branch piles described. Petersen etal., (2004) found that when using logs and large
branches (5-20 cm diameter) for roadside rehabilitation, the logs effectively promoted
the establishment of grasses compared to the open sites studied. However in a study in
south eastern Australia, log rows across the contour were constructed to reduce erosion
from recently cleared plantations

-

and inadvertently found that the log rows increased

the formation of gullies on cleared slopes by 1.5 times due to the scouring occurring at
the ends of the log rows (Prosser & Abernethy, 1999).The highly dispersive nature of the
sodic soils may explain the soil loss at the log sites. The rapid flows that occur over the
area during heavy rainfall events may cause turbulence at points of contact between the
log and the soil surface, creating eddies which erode the sodic soils beneath the log.

Jute and wire with straw were the most successful treatments for stabilising the soil
surface over the period of the wet season. Jute matting has been successfully used for
stabilising the soil surface and promoting grass establishment in a number of studies
(Gyasi-Agyei etal., 2001; Krenitsky etal., 1998; Lekha, 2004; Mitchell etal., 2003).
Mitchell et al. (2003) found that jute successfully reduced erosion sediment to 1% and
runoff to 35% of that which occurred in bare control plots. Krenitsky etal.,(1998)
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compared the use of jute and straw as surface covers and found that the runoff from a
clay loam was reduced by 25% for straw and 16% for jute over the course of a heavy
rainfall event. The bare soil sediment loss was reduced by 80%-99% by both of the
straw and jute treatments. Jute is intended to establish vegetation and then degrade
over time (Mitchell et al., 2003). The relative permanence of the wire treatment may be
perceived as a management boon or impediment, depending on the length of time it
takes to establish effective erosion control patches in the scald zone that require no
further management intervention.

Results from the vegetation transects presented in Chapter 2 were mirrored in results
from the soil surface treatment plots, with the same four species (A. macroclada, E.
sororia, E. rigidiuscula, P.decompositum) surviving in the plots for the longest period
through the dry season. These species all had increased germination in response to
potassium nitrate application (Chapter 3), which has a strong correlation with light as a
germinating factor (Baskin & Baskin, 1998). As the mulch underneath the chicken wire
degrades and becomes incorporated into the soil surface, the increase in organic matter
and increased exposure to light of the soil surface in the plot may encourage seed
germination. Soil fertility is closely linked to soil organic matter, which in turn depends on
an organic input and output (Roose & Barthes, 2001). On the eroded zone at Craig
Creek, organic matter is lost in the erosive rainfall events during the wet season. The
ability of the wire and mulch treatment to retain biomass as well as reducing erosion
from the soil surface may provide a stable patch from which to commence larger scale
soil stabilisation.

Both mulch and jute effectively accrued soil over the period of the wet season, and given
the lack of preference for grass establishment between the treatments, they are the most

suitable soil surface treatments for the area. Landscapes which have low relief, flat
surfaces and small scale patches such as the Craig Creek site, are more vulnerable to
erosion due to the lack of resistance to the flow of water over the soils (Noble etal.,
1997).

In order to stem the massive loss of soil and nutrients from the area every wet season, a
patch or series of patches needs to be established across the contour of flow. The four
grass species from the area that survived through the dry season in the transects and
self established on both the plots and transects were Aristida macroclada, Panicum
decompositum and Era grostis sororia and Era grostis rigidiuscula. Despite scarifying all
plots in October 2003 prior to the first rainfall event to encourage greater micro sites for
seeds and nutrient pools, by April all evidence of scarification had disappeared. The
overland flow of water during the wet season and the surface sealing of the soils made
the scarification useless after the first rains. However scarification could still be useful,
as it has been demonstrated to increase the establishment of woody native species in
the Top End if conducted immediately prior to sowing (Setterfield, 1997).

Four grass species were shown to be particularly effective at establishing on the Craig
Creek site. Further site amelioration and improved growth may be possible if the effects
of sodicity and nutrient availability on the establishment and growth of these species are
better understood. The rate of growth and the foliage cover offered and their proven
ability to persist in the given conditions, shows that these grass species have the
potential to be effective erosion controllers at the Craig Creek site. Knowledge of their
optimum conditions for growth and response to various soil ameliorants are therefore
important factors in maximising their success at erosion control. These factors will be
investigated in Chapter 5.

5.0 Effects of soil amelioration and waterlogging on grass
growth

5.1 Introduction
The ideal grass for erosion control is one that establishes easily, grows rapidly despite
unfavourable conditions and is persistent (Costin, 1964). The results from the
germination studies(Chapter 3) and the field plots (Chapter 4) have identified Aristida
macroclada, Era grostis sororia, Era grostis rigidiuscula and Panicum decompositum as
the most promising grasses for erosion control use on the Craig Creek scald site.
Although they have all demonstrated the ability to self establish and persist through the
dry season drought, little is known of their environmental tolerances, optimum soil
conditions for growth or their response to soil ameliorants.

In northern Australia it is necessary for plants to survive the annual extended dry period,
during which time little or no rain falls, so that they can provide protection when the first
rainfall events occur. This is when the soils are most vulnerable to erosion (RussellSmith etal., 1995). Plants that persist throughout the dry season are also able to
contribute a reliable seed supply on an annual basis (Lane, 2002). Rapid establishment
is favoured due to the associated deeper root system which increases the chance of
survival through drought periods and provides protection against erosive events more
quickly (Morgan, 1986). Vegetative cover has been correlated strongly with stemming
soil loss. At the Tarong Coal mine in southern Queensland, the influence of vegetation
cover was demonstrated when an area with no cover lost 30-35 t/ha of soil, and in
contrast, a comparable area with 47% vegetation cover lost only 0.5 tlha of soil during a
storm event (Loch, 2000).
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As well as the soil protection offered by the above ground component of vegetation,
roots also contribute to reducing soil loss. Root networks in the soil form a cohesive
physical binding of the soil, preventing soil movement during periods of flow (Gyssels &
Poesen, 2003). They can also create bio-pores in the soil that encourage subsurface
water flow, reducing the erosive overland flows (Prosser etal., 1995). In addition to the
physical binding of soil particles, roots also excrete organic binding substances that
chemically and physically bind soil particles. The excretion of binding agents acts also as
a food source for soil biota, which in turn promote other organic bindings in the soil (Reid
& Goss, 1987). These increase the soil stability and reduce its erodibility over the long
term (Hartman & De Boodt, 1974). In a temperate Australian study, vegetation was
sheared at the surface and, although erosion increased without the surface protection,
the remaining subsurface root mass protected the soil from deep scouring (Prosser &
Dietrich, 1995).

A number of challenges to plant growth exist at the Craig Creek site, including sodic,
soils that have very low nutrient levels and are exacerbated by monsoonal climate
conditions. Four grass species have already been identified through germination trials as
the most promising local species for controlling erosion at the Craig Creek site.
Investigating the responses of these four grass species to sodic soils, waterlogging and
the addition of fertiliser and gypsum will inform potential management options on
suitable methods to increase plant growth and therefore increase the likelihood of
successful rehabilitation of the site.

Sodicity affects 28% of the total land area of Australia, and results in serious chemical,
physical and nutritional problems in those soils (Naidu etal., 1993). A sodic soil is one
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in which exchangeable sodium makes up greater than 15% of the total exchangeable
cations in the soil (Brady & Weil, 1999). These levels of sodium can adversely affect soil
structure and the availability of some nutrients to plants (Qadir et al., 2001). Structural
problems created by sodic soils can affect water and air movement through the soil, the
available water holding capacity of plants, root penetration, seedling emergence and
runoff and concomitant erosion. Serious nutrient imbalances can also occur in the
presence of high sodium cation levels that can result in deficiencies of nutrients in the
soil such as iron manganese and zinc, making plant growth difficult (Qadir etal., 2001).

The application of gypsum is a common response to high exchangeable sodium
percentages in the soil. The calcium cations in the gypsum replace the sodium cations in
the soil and provide more stable aggregates in the soil profile (Qadir etal., 2001).
Gypsum has been used extensively worldwide to improve soil structure through
replacing the sodium in the soil profile with more stable calcium ion (Brady & Weil,
1999). In a study in Western Australia on a sandy clay loam the application of gypsum
was found to increase the infiltration rate by 158% (Hamza & Anderson, 2003).

The soils in the savannas of Australia are generally leached and infertile (Russell-Smith
etal., 1995) with low organic matter and nutrient levels. Phosphorus has been identified
as the primary element most limiting to growth in the Top End Northern Territory
savannas (Mott etal., 1985). Results from the analysis of soils at Craig Creek show that
plant available phosphorus is at levels that would be considered deficient for plant
growth (Chapter 2). Native grasses that are adapted to the tropical soils of Australia are
generally less responsive to the addition of nitrogen and phosphorus than introduced or
temperate species (Andrew & Johansen, 1978). However, as the subsoils at the Craig
Creek site have very low nutrient levels, there may be a benefit in nutrient application.
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Many areas around the major river systems in northern Australia are flooded for up to
four months of the year (Russell-Smith et aL, 1995). The Craig Creek area,for example,
can undergo inundation and connect to the Mary River floodplain system for up to a
month during a heavy wet season (Ted Easton, Department of Defence, pers. comm.,
2003). Waterlogging of soil can change the chemical and physical parameters of the soil
and affect the ability of many species to grow (Jackson & Drew, 1984). Gas exchange
between the soil and atmosphere virtually ceases when soils become waterlogged.
Oxygen use by plant roots and microbes continues until conditions become anoxic,
when respiration by these species is limited by the lack of oxygen. Dry matter
accumulation and final biomass can be reduced in plants that are not tolerant to
waterlogged conditions (Huang et al., 1994). For example, when wheat was waterlogged
in Western Australian sandy soils it was found to reduce the growth rate of roots by 1 574% and shoots by 6-27% (Malik et al., 2001).

Understanding the effects of waterlogging, substrate type and the addition of fertilisers
and gypsum on grass growth is important in managing erosion control. Hence, the aim of
this study is to assess the responses of A. macroc/ada, E. sororia, E. rigidiuscula and P.
decompositum to the above variables, in order to determine whether or not soil
amelioration supports plant growth. If so then soil treatment is a potential management
option for preventing the ongoing soil loss from the Craig Creek area.

The growth and survival responses of the four grass species were assessed in
experiments conducted with the following specific objectives to determine:
1. whether or not the growth rate and biomass of the grasses can be promoted
through the use of gypsum or fertiliser,
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the effect of waterlogging and
,

the species' preferences for water and soil conditions that may assist erosion
control at Craig Creek

5.2 Methods
5.2.1 Initial establishment and survival trials with gypsum
Heteropogon contortus was used to explore the effects of different amounts of gypsum
in the soils from Craig Creek on grass establishment and dry season survival.
Heteropogon contortus had a high rate of germination (71 ± 7% S.E.) with untreated
seed in the initial germination trials conducted in the incubation cabinet (Chapter 3) and,
therefore was suitable for use in this trial. The three soil types identified from Craig
Creek (fine sediment, gravel and topsoil), and potting mix, were used as substrates.
Only the fine sediment and gravel required gypsum application to achieve Exchangeable
Sodium Percentages (ESP) below 15%. Neither the topsoil nor the potting mix received
any treatments.

The rate of gypsum application (CaSO 4.21-120) for the fine sediment and gravel
substrates (Table 5.1)was calculated using the formula for the replacement of sodium
with calcium (Brady & Weil, 1999) according to the ESP of the substrates found in the
soil analyses described in Chapter 2.

2Na + CaSO4.21-120 Ca + Na2SO4 + 21-120

RE

Table5.1. Rates of application of gypsum for sodic soil amelioration
Gypsum (glkg soil) Sodicity after addition
Fine Sediment

Control

0

70%

Fine Sediment

Low

15

15%

Fine Sediment

Medium

25

10%

Fine Sediment

High

50

7%

Gravel

Control

0

30%

Gravel

Low

1

15%

Gravel

Medium

3

10%

Gravel

High

7

7%

For all four substrates (fine sediment, gravel, topsoil, potting mix), four replicate pots (50
mm x 50 mm x 100 mm) were filled to within 2 cm of the top with substrate that had
passed through a 2 mm sieve. The soils were crushed with a mortar and pestle in order
to pass through the sieve. For each of the fine sediment and gravel substrates, a further
four replicate pots per gypsum application treatment were prepared. The media from
each pot was mixed with the appropriate amount of gypsum and placed in the pot and
moistened. Each pot was then sown with 25 untreated seeds, which were covered with a
fine layer of soil. Seedlings were recorded as they germinated, and the establishment
and survival of the plants was monitored weekly for 12 weeks. Their final height was
recorded. The gauze of the shadehouse provided 70% light exclusion and the overhead
sprinkler watering system supplied each pot with 280 mL twice daily.
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Statistical Analysis
Factorial ANOVA was used for all analyses and were undertaken using STATISTICA 6.0
software (Statistica Software, 2002). Levene's test statistic for homogeneity of variances
showed slight (P < 005) deviations from normality. Slight deviations from normality were
tolerated as analysis of variance techniques have been considered to be robust to such
deviations (Underwood, 1997). Both factors (Substrate, Treatment) were fixed, and
Tukeys post hoc test was used to separate means.

5.2.2 Grass selection and initial methodology
Monitoring of the transects and plots (Chapters 3 and 4) on the erosion scald at Craig
Creek showed that four species established and survived with greater success than
others. These four species were Aristida macroclada, Panicum decompositum,
Eragro st/s rigidiuscula and Era grostis sororia. All four of these species also germinated
also at high enough rates under various germination conditions in the laboratory trials to
make them viable for large scale use (Chapter 3), and all have large amounts of seed
available around the Craig Creek area.

In Chapter 3, potassium nitrate was found to break dormancy in these species. Seeds
from the four species were soaked in potassium nitrate solution and raised in seedling
trays (360 mm x 290 mm x 50 mm) for four weeks with potting mix, comprised of
coconut peat and sand (1:1), for four weeks. After four weeks these seedlings were
transplanted into pots of 150 mm diameter and 150 mm depth for use in the soil
amelioration and waterlogging experiments.
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5.2.3 Soil amelioration trials
Soil amelioration trials were undertaken to assess the effect of gypsum and fertiliser on
the growth characteristics of A. macroc/ada, E. rigidiuscula, E. sororia and P.
decompositum. The following three substrates were investigated; (i) fine sediment,
sourced from the erosion site at Mount Bundey within the scald, (ii) topsoil from the top
10cm of the profile, which was sourced from around the erosion scald at Mount Bundey
and (iii) potting mix, which was a mix (1:1) of coconut peat and sand. Each treatment
was replicated twelve times for each of the four species but sample size was
subsequently reduced by transplanting deaths as described below. Gypsum was only
applied to the sodium affected fine sediment soils (Table 5.2). Fertiliser application
effects on growth were assessed for potting mix and the Mt Bundey topsoil and fine
sediment soils.

Table 5.2 Experimental design for soil amelioration trial
Substrate

Control

Fertiliser Gypsum Gypsum + Fertiliser

Potting mix

Yes

Yes

Mt Bundey topsoil

Yes

Yes

Mt Bundey fine sediment

Yes

Yes

Yes

Yes

Pots were 150 mm in diameter and 150 mm deep and were filled with the potting mix, Mt
Bundey topsoil or Mt Bundey fine sediment to 2 cm from the rim of the pot. Each pot had
a plastic liner in order to prevent soil loss and leaching of nutrients and cations from the
pot. The four treatments were:
control, where no change was made to the substrate;
the addition of NPK fertilizer (5.8g/kg of soil) to topsoil, potting mix and fine
sediment substrates at the same rate;
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the addition of gypsum to the fine sediment (at the rate of 50g!kg soil in order to
achieve an exchangeable sodium percentage of -7% in the treated pots) (Brady
& Weil, 1999); and
the addition of both fertilizer and gypsum to the fine sediment (at the rates shown
above).

Seeds were germinated with the use of potassium nitrate and transplanted into the
media after four weeks as described above. All soils were moistened over several days
prior to transplanting, which was done in the course of one day when removing
seedlings from sand trays and placing them into larger pots using tweezers. One
seedling was planted per pot. The pots were then placed on benches in three
shadehouses.

Each plant was measured for height twice weekly for four months to determine the
growth rates. Due to low survival rates only one harvest was possible to determine the
biomass of the grasses. The fine sediment data were analysed separately from the
topsoil and potting mix substrates for the effects of gypsum. Grass species responses to
the effects of fertiliser and gypsum on the soil were analysed separately, as this was
considered the most relevant method to achieve the insights required from these
experiments.

Statistical Analysis
Over half of the grasses in the soil amelioration trials (57%) died within three weeks of
transplanting. These were not included in the survival analyses that follow as none of
these deaths was significantly attributable to treatment, medium or species. In some
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instances replication of these treatments was insufficient to conduct analysis. Appendix
II shows all surviving plants from the shadehouse trials. Factorial ANOVAS were used to
analyse all data with STATISTICA 6.0 software (Statistica Software, 2002). Homogeneity
of variances for all ANOVA s was tested (P <005) using Levene's test statistic for data
with slight deviations from normality. Slight deviations from normality were tolerated as
analysis of variance techniques are considered to be robust to such deviations
(Underwood, 1997). Both factors (Substrate and Treatment) were fixed and Tukeys post
hoc test was used to separate means. For the one way ANOVA in the fine sediment
gypsum addition trial, the factor was Treatment.

5.2.4 Waterlogging trials
The watering trial involved the following two treatments; pots kept at field capacity
moisture and pots maintained at field capacity for twelve weeks and subsequently
placed into a fibreglass tank with the water level 7 cm above the soil surface in the pots
for a further 11 weeks (waterlogged treatment). All pots were kept under a clear Perspex
cover which lay 1 m above the pots to prevent any moisture entry by rain. After three
months growth half the surviving grasses were placed in their pots into a fibreglass
container filled with water and the remaining pots were maintained at field capacity.
These pots were monitored for survival and growth for a further 11 weeks before
harvesting. All pots were kept under a clear Perspex cover which lay 1 m above the pots
to prevent any moisture entry by rain.

The two treatments were applied to the four species in each of the three media (topsoil,
potting mix and fine sediment) with twelve replicates of each. One plant was
transplanted into each pot. A total of 288 pots were placed in four shade houses and
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were hand watered twice weekly to field capacity (EC treatment) or water level was
maintained at at 7 cm above the pots (Waterlogging treatment).

Field capacity was determined by saturating the soil, leaving the pot to drain of excess
moisture, and then measuring the moisture loss from the soils over a period of five days.
A plastic cover was placed over the top of the pot to prevent evaporation. The wilting
coefficient of each of the soils was calculated using the methods described by Fawcett &
Collis-George, (1967). From this information the three soil types (fine sediment, potting
mix and topsoil) were kept at field capacity for the duration of the trial. A Theta P robeTM
type ML2 moisture probe was used to determine the moisture content of the soil and the
required amount of water was measured and added to the pots so that the water content
was brought up to field capacity (Table 5.3).

Table 5.3

Watering rates for field capacity treatment
Field capacity % S.E.
Wilting point (MPa)

Potting mix

17.41 ± 1.24

10%

Fine sediment

42.98 ± 2.69

32%

Topsoil

49.03 ± 1.23

39%

Statistical Analysis
Two thirds (n=1901288) of the grasses in the waterlogging trial (66%) died within three
weeks of transplanting. These were not included in the survival analyses that follow as
none of these deaths was attributable to treatment, medium or species.
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A two way ANOVA was undertaken using STATISTICA 6.0 software (Statistica
Software, 2002). Data for each species were analysed separately with the factors being
Substrate and Treatment. Homogeneity of variance for all ANOVAs was verified
(P < 005) based on Levenes test statistic for data with slight deviations from normality.
Slight deviations from normality were tolerated as analysis of variance techniques are
considered to be robust to such deviations (Underwood, 1997). Tukeys post hoc test
was used to separate means. All factors (Species, Substrate, Treatment) were fixed.
The Substrate factor for the waterlogging treatments was limited to the fine sediment
and topsoil substrates, as insufficient grass plants survived in potting mix to apply the
waterlogging treatment.

5.25 Biomass measurements from soil amelioration and waterlogging trials
Each plant was removed from the pot and all soil washed from the roots following the
methods of Bohm (1971). The plant was separated into roots and shoots and dried at
105° C for 24 hrs and then weighed. The root: shoot ratio was calculated so that a
comparison between species of their below ground allocation to roots could be made.

Plant cover was estimated visually as the percentage of the 1 m2 surrounding the pot that
was covered by foliage.

5.3 Results
5.3.1 Establishment and survival of Heteropogon contortus
ANOVA (Factor Substrates: gravel, topsoil, potting mix and fine sediment) showed no
significant difference in the number of seeds that established in the pots between
substrates. A one way ANOVA on the fine sediment data showed that the highest level
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of gypsum application significantly increased establishment (20 ± 2%) above that of the
control (7 ± 4%) (F3,12=4.16 P<0.05 Tukeys post hoc test, Fine sediment Gypsum high

>

Fine sediment Control). Establishment in the low and medium levels of gypsum
application did not differ significantly from either the control or the high level of gypsum
application.

A one way ANOVA on the Control substrate data showed that survival of grasses to
twelve weeks (percentage of initial establishment) was higher in the topsoil (100%) and
the potting mix (93 ± 7%) than in the fine sediment (17±17%). (F
Tukeys post hoc test, Topsoil

=

3,12 =

5.99, P< 0.001

Potting mix> Fine sediment). The mean survival for

untreated gravel after twelve weeks was 75 ± 31%.

A two way ANOVA of the survival of established grasses showed that the application of
gypsum at various levels in both the fine sediment and gravel substrates had no effect
on the persistence of the grasses.

One way ANOVA showed that grass height in the control substrates was greater in
topsoil (99 ± 3mm) than in all other substrates, and that height in the gravel (52 ± 5mm)
was greater than potting mix (34 ± 2mm). Grass height in Fine sediment substrate was
significantly less than that in the topsoil substrate only (34 ± 8mm) (173,50 =4.71 P<0.01
Tukeys post hoc test, Topsoil

>

Gravel> Potting mix; Topsoil> Fine sediment = Gravel

i-Potting mix).

Gypsum application did not significantly effect the height of grasses in the Fine sediment
substrate. However, the low application rate of gypsum on the Gravel substrate
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significantly increased the height growth(F 3, 55 =4.22, P<0.05, Low Gypsum> High
Gypsum

=

Medium Gypsum

=

Control; Figure 5.1).
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Figure 5.1 Mean height (mm) of all Heteropogon contortus grasses twelve weeks
after germination. The four substrates Topsoil, Potting mix, Gravel (G) and Fine
sediment (FS) and the three rates of gypsum treated Fine sediment and Gravel are
shown. Capped vertical bars are standard errors.

5.3.2 Soil amelioration trials with target species

Survival
Species were analysed separately using factorial ANOVA to determine the effects of
fertiliser and substrate on survival. A. macroclada had a significantly higher survival in
the potting mix fertiliser treatment than in the fine sediment fertiliser treatment (F2,69
3.53, P<0.05, Tukeys post hoc test, PF>FSF). Panicum decompositum in Topsoil and
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Fine sediment substrates had numbers too low in all treatments to allow detection of
within species differences (Appendix II). Nevertheless, graphs and rates are still
provided for P decompositum where applicable. The other two species did not show any
significant variation in survival rates with fertiliser treatment or substrate type (Factors:
Treatment and Substrate; Table 5.4).

Table 5.4 Survival of grasses (average number of weeks after transplanting) by
species, substrate and treatment.
Survival in weeks (S.E.)
Control
Substrate
Fertiliser
Species
1.4
Topsoil
7.2 ±
6.0 ± 1.5
A. macroclada
1.8 ± 0.8
6.0 ± 1.5
Fine sediment
7.0 ± 1.4
Potting mix
10.0 ± 1.2
4.4 ± 1.5
Topsoil
3.8 ± 1.4
E.rigidiuscula
Fine sediment
6.2 ± 1.6
5.6 ± 1.6
7.8 ± 1.5
1.9 ± 1.0
Potting mix
E. sororia
Topsoil
3.8 ± 1.4
4.5 ± 1.5
4.7 ± 1.6
Fine sediment
8.2 ± 1.5
4.5 ± 1.5
Potting mix
8.0 ± 1.5
Topsoil
5.6 ± 1.4
2.5 ± 1.0
P.decompositum
4.3 ± 1.4
4.2 ± 1.4
Fine sediment
Potting mix
6.9 ± 1.5
2.6 ± 1.1

The differences between species, substrate and fertiliser treatment on the survival
(measured in weeks), of all grasses was explored using a factorial ANOVA. The addition
of fertiliser significantly increased survival in the potting mix, but not in the topsoil or fine
sediment soils, resulting in a significant interaction between substrate and treatment (F
2,267 =

4.13, P<0.001) (See Figure 5.2). Fertiliser significantly increased plant survival

(6.16 ± 0.43 weeks) compared to the unfertilised control (4.49 ± 0.41 weeks) across all
substrates and species (F1267

=

9.03, P<0.01, Tukeys post hoc test, Fertiliser> Control),

but there was no significant difference in survival rates between the substrates (F2,267 =
1.75, P

=

0.175). None of the other interactions was significant.
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Figure 5.2 Survival of grasses in the substrates Fine sediment (FS), Topsoil (T)
and Potting mix (P) with the control (C) and fertiliser (F) treatment.

The influence of gypsum and fertiliser plus gypsum on survival of grasses in fine
sediment substrate was analysed using a factorial ANOVA (Factors Species and
Treatment). No significant influences on survival were found (F

9,179 =

1.57 P< 0.128).

Growth rates
In the fine sediment substrate there were significant differences between the growth
rates (mm/day) of the species (A. macroclada 1.1
sororia 2.1 ± 0.4, Pdecompositum 2.5
hoc E. rigidiuscula

>

±

±

0.3, E. rigidiuscula 3.0

±

0.6, E.

0.7 mm/day) (F3, 175 = 5.44 P<0.01, Tukeys post

A. macroclada). The growth rate of E. sororia was not significantly

different to either A. macroclada or Era grostis rigidiuscula. The addition of fertiliser also
significantly affected the growth rates of these species (F3,175

=

7.60 P<0.001, Tukeys
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Table 5.5 Major effects on cirowth rates wjthjn sDecjes
Growth rate mm/day (SE.)
Topsoil
Fine sediment
Major Effect
Species
0.38 ± 0.11
A. macroclada
Topsoil > Fine sediment
1.44 ± 0.41
Control
Fertiliser
0.72
± 0.22
Fertiliser> Control
2.70 ± 0.63
E.rigidiuscula
2.38 ± 0.48
0.65 ± 0.20
Fertiliser> Control
E.sororia
Fertiliser> Control
2.41 ± 0.87
0.23 ± 0.09
P.decompositum

Figures 5.3 a d show the growth (mean heights vs. days since transplanting) of each of
-

the species on the different substrates and treatments. A large proportion of plants died
during the first three weeks, and hence only plants that survived are plotted to better
reflect trends in growth of surviving plants.

For A. macroclada the fine sediment fertiliser treatment (FSF) resulted in substantially
taller plants than fertiliser on other substrates (Fig. 5.3a-i). There were no surviving fine
sediment control (FSC) plants for this species. Both topsoil treatments had no live plants
at the end of the 18 week trial.
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For E. rigidiuscula the fine sediment substrate supported the tallest grasses at the end of
the trial, with the fine sediment control (FSC) more so than any other treatment. After 16
weeks all potting mix fertilised (PF) grasses died. Both topsoil control (TC) and topsoil
fertiliser (TF) treatments were dead by 16 and 10 weeks, respectively.
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Figure 5.3b. Height of E. rigidiuscula in soil amelioration trials (bi)
addition (bii) gypsum addition to fine sediment substrate.
.

-
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-
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Fine sediment with gypsum additions (FSFG and FSG) were the most successful of the
P. decompositum plants. The fine sediment gypsum treated plants were taller than those
in the potting mix control, and these were the only treatments with P. decompositum
which survived by the end of the trial. By twelve weeks there was complete mortality of
plants in the topsoil control (TO), the topsoil fertiliser (TF) and the potting mix fertiliser
(PF) and in the fine sediment control (FSC) and the fine sediment fertilised (FSF).
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=

E. sororia > P. decompositum = A. macroclada). No species showed a significantly

greater response in foliage cover to any substrate or treatment.

Root: shoot ratio
Factorial ANOVA (Factors: Species, Substrate and Treatment) showed the addition of
fertiliser resulted in a significantly greater root mass than the control or gypsum only
treatments across all species and all substrates (F3,70=9.53 P<0.01 Tukeys post hoc test
Fertiliser> Control). The root and shoot response to the addition of fertiliser and gypsum
in the fine sediment substrate was not significantly different between species. The effect
of these treatments on the grasses overall was not significant for the shoots or the total
biomass (Table 5.6 and Figures 5.4a-d).
Table 5.6 Ratio of root:shoot biomass with the addition of fertiliser
Species
A. macroclada

E. rigidiuscula

E. sororia

P. decompositum

Substrate
Fine sediment
Fine sediment
Potting mix
Potting mix
Topsoil
Topsoil
Fine sediment
Fine sediment
Potting mix
Potting mix
Topsoil
Topsoil
Fine sediment
Fine sediment
Potting mix
Potting mix
Topsoil
Topsoil
Fine sediment
Fine sediment
Potting mix
Potting mix
Topsoil
Toosoil

Treatment
Control
Fertiliser
Control
Fertiliser
Control
Fertiliser
Control
Fertiliser
Control
Fertiliser
Control
Fertiliser
Control
Fertiliser
Control
Fertiliser
Control
Fertiliser
Control
Fertiliser
Control
Fertiliser
Control
Fertiliser

Ratio
0.13
0.00
0.00
0.38
0.37
0.00
0.81
7.56
0.00
3.99
0.82
0.00
0.74
7.35
0.01
2.13
0.51
0.00
0.00
0.00
0.24
2.81
0.00
0.00

± S.E.
0.06

0.24
0.06
0.45
1.04
1.14
0.28
0.36
2.77
1.29
0.19

0.23
1.00
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There was a greater overall production of E. rigidiuscula shoots than roots (Fig. 5.4b.).
The fine sediment control (FSC), the fine sediment gypsum (FSG) and the potting mix
control (PC) all produced less than 2 g in total biomass.
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Figure 5.4b. E. rigidiuscula root: shoot response to soil amelioration trials. Where
standard error bars are absent, only one individual had survived at harvest.
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Figure 5.4c. E. sororia root: shoot response to soil amelioration trials. Where
standard error bars are absent, only one individual had survived at harvest.

Fertiliser again had the greatest influence on E. sororia biomass (Figure 5.4c). The E.
sororia root: shoot response to topsoil fertiliser (TF) topped (47 g S.F. 0 n=1) the
production. Fine sediment fertiliser produced a mean total biomass of 20 ± 8 g, and
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Table 5.7 Survival of grasses with field capacity watering rates
Species
A. macroclada

E.rig/diuscula

E. sororia

P. decompositum

Substrate
Fine sediment
Potting mix
Topsoil
Fine sediment
Potting mix
Topsoil
Fine sediment
Potting mix
Topsoil
Fine sediment
Potting mix
Topsoil

Survival (weeks) ± S.F
6.60
4.58
10.18
6.15
1.94
5.65
3.42
1.81
5.41
5.38
2.83
8.06

0.66
0.87
1.30
1.09
0.49
1.15
0.85
0.48
1.22
1.13
0.73
1.28

Growth rates
There were no significant differences between the growth rates of the four species for
the first 16 weeks of the trial when all plants were receiving field capacity watering rates,
similar results were obtained in the fertiliser and gypsum trials with the non fertilised
plants. However, there was a significant difference in the growth rates of all grasses
combined between substrates (F2226=12.90, P<0.01, Tukeys post hoc test, Fine
sediment = Topsoil > Potting mix). Additionally, there was no significant interactions
between Substrate and Species.

To explore the effect of the treatment all further analyses use data after the waterlogging
treatment had been implemented. The high rates of mortality in the potting mix substrate
excluded it from the trial, as there were insufficient grasses in the potting mix substrate
to apply the waterlogging treatment. The high mortality rate of grasses in the potting mix
substrate is likely to be due to dessication. This substrate drained more quickly than the
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fine sediment or topsoil substrates, and the field capacity measurement made over a
period of five days may have been inadequate to keep the soil at a reasonable moisture
level for plant survival.

The growth rate of A. macroclada was influenced by both substrate and treatment (Table
5.8). The interaction between substrate and treatment was significant and its growth rate
was greater in topsoil than fine sediment under waterlogged conditions (Figure 5.5a).
The topsoil waterlogged treatment encouraged significantly greater growth in A.
macroclada than all other treatment and substrate combinations. P. decompositum also
had a significantly higher growth rate in the waterlogged treatment (F168 = 14.28,
P<0.001, Factorial ANOVA Factors Substrate and Treatment). The growth rate of E.
rigidiuscula and E. sororia was not affected by the substrate or treatment. A factorial
ANOVA of substrate, treatment and species found no significant main effects or
interaction effects.

Table 5.8 A. macroclada growth response in the waterlogging trial
Effect
Substrate
Treatment
Substrate*Treatment
Error

s.s

d.f

2.28
5.13
2.32
38.87

1
1
1
68

M.S.
2.28
5.13
2.32
0.57

F
3.98
8.98
4.06

P
. 050*
004*
. 048*

Figures 5.5 a-d illustrate the mean height (± SE) of grasses from a week prior to the
waterlogged treatment being applied.

A. macroclada (Figure 5.5a) responded to the waterlogged treatment with an increased
height in both topsoil (TW) and fine sediment (FSW) 18 weeks (105 days) post
transplanting.
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Figure 5.5a. A. macroclada response to watering treatments and substrates. TW
Topsoil, waterlogged; FSW Fine sediment, waterlogged; TFC Topsoil, field
capacity; FSFC Fine sediment, field capacity. Each point represents the mean
height of the plants and the capped vertical bars the standard error of the mean.
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The height response of E. rigidiuscula was greatest in the fine sediment waterlogged
treatment (FSW). The height of plants in Topsoil waterlogged (TW) treatments were very
short 23 weeks after transplanting.
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Figure 5.5b. E. rigidiuscula response to watering treatments and substrates.
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The E. sororia grass plants were tallest in the waterlogged treatments. Substrate had no
effect.
(c)

400
350

300
250
200
150
100
50
....

77

84

91

•

98

FSFC

105

112

A TFC

119

Cl

126

FSW

133

- - -

.

140

.

147

154

A-

Figure 5.5c. E. sororia response to watering treatments and substrates.

P. decompositum had a similar height response in both substrates with field capacity
(FC) watering conditions. There was an enthusiastic response in growth when the
waterlogging treatment was applied, 12 weeks after transplanting.
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Figure 5.5d. P. decompositum response to watering treatments and substrates.

Foliage cover
One way ANOVA showed that E. rigidiuscula had a greater foliage cover than A.
macroclada (F174 14.03, P< 0.001, Table 5.9). Within species, E. rigidiuscula had
greater foliage cover in fine sediment than on topsoil. Waterlogging did not impact on the
foliage cover of any of species (Table 5.9).

1r

Table 5.9 Foliaqe cover of all species in the waterinq trial
Species
A. macroclada

Substrate
Fine sediment
Topsoil

E. rigidiuscula

Fine sediment
Topsoil

E. sororia

Fine sediment
Topsoil

P. decompositum

Fine sediment
Topsoil

Treatment
Field capacity
Waterlogged
Field capacity
Waterlogged
Field capacity
Waterlogged
Field capacity
Waterlogged
Field capacity
Waterlogged
Field capacity
Waterlogged
Field capacity
Waterlogged
Field capacity
Waterlociqed

Foliage cover
% S.E.
16.26
3.33
14.97
2.54
10.55
2.92
26.17
4.67
42.34
0.56
41.80
12.80
14.18
4.66
21.38
7.14
37.53
12.28
21.07
7.30
20.08
6.13
2.79
23.70
9.64
3.13
27.80
8.31
11.64
2.68
18.30
6.62

Root:shoot ratio
P. decompositum was the only species that showed a significant response in the root:
shoot ratio to the watering regime; the topsoil waterlogged treatment for P.
decompositum significantly increased the root: shoot ratio (4.2 ± 2.3) compared to both
the topsoil and fine sediment field capacity treatments (TFC 1.4 ± 1 .0; FSFC 1.0 ± 0.2)
and the fine sediment waterlogged treatment (1.4 ± 0.3). A factorial ANOVA (Factors
Treatment, Species and Substrate) showed that this was the only significant effect, and
none of the interactions were significant (17167=4.46, P<0.05, Tukeys post hoc test,
TW>FSW=FSFC=TFC). None of the other species showed a significant difference when
their root: shoot ratios were compared, nor were there within species differences in the
root: shoot ratio response to the watering treatment.
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Biomass
The biomass production of all species did not followed consistent trends amongst
species or substrates. Each species is shown in Figures 5.6a-d, with the biomass
response according to substrate and treatment illustrated. There was no significant
difference between species in the biomass when harvested at the end of the trial. There
was also no difference between the substrates or the treatments on the biomass of the
grasses.

A. macroclada had a greater total biomass at field capacity in both topsoil (TFC 1.0
g) and fine sediment (FSFC 1.0

±

±

0.4

0.6 g)(Figure 5.6a). Both the topsoil and fine sediment

waterlogged treatments produced less than 1 g (after 23 weeks of growth), and the
biomass in the fine sediment (FS) and the topsoil (T) were comparable in response to
treatments, with the waterlogged grasses producing less biomass.

(a)

2
1.5

0.5
FSFC

FSW

TFC

1W

• Shoot 0 Root 0 Total Biomass

Figure 5.6a. A. macroclada biomass response to watering treatments and
substrates (showing mean biomass in grams). The capped vertical bars represent
the standard error of the mean.
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E. rigidiuscula had greater total biomass at field capacity conditions than waterlogging
treatments (Figure 5.6b). The biomass in the fine sediment (FS) and the topsoil (T) were
similar between treatments.

4

ii
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TFC

T\N

• Shoot 0 Root 0 Total Biorrss

Figure 5.6b. E. rigidiuscula biomass response to watering treatments and
substrates.

E. sororia had the highest biomass production in the topsoil field capacity treatment with
great variation between individuals (TFC 1.6

±

1.4 g). There was no difference between

treatments or substrates for partitioning of resources.
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Figure 5.6c. E. sororia biomass response to watering treatments and substrates.
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P. decompositum had consistent production across all substrates and treatments. The
highest biomass was found on the fine sediment soil at field capacity (FSFC 1.3

±

0.7 g),

which also had the highest root:shoot ratio. The lowest total biomass was found in the
waterlogged topsoil treatment (TW 0.4

±

0.3 g).
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5.6d. P.decompositum biomass response to watering treatments and substrates.

5.4 Discussion
The response of the four species to additional nutrients and moisture was variable both
in the stages of growth and the degree of the response. The addition of gypsum and the
more porous potting mix did not greatly influence the growth characteristics of three of
the grasses. However they had a significant influence on the growth rates of
P.decompositum and H. contortus. Fertiliser was a potent addition to trials and greatly
incaresed survival, growth rates, foliage cover, root: shoot ratio and in at least one
species, total biomass.

Era grostis rigidiuscula was the most responsive species to the addition of fertiliser, and
overall displayed the best characteristics for erosion control. Although A. macroclada
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had the slowest growth rate and lowest biomass production, its survival was greater than
other species, and hence is of critical importance to the control of erosion at Craig
Creek.

The persistence of species is crucial to maintaining a vegetation cover of the soils when
they are most vulnerable, which is during the initial heavy rainfall events at the end of the
dry season drought (Lane, 2002). A. macroclada had the greatest proportion of surviving
plants in both trials, followed by E. rigidiuscula. Fertiliser increased survival of all species
except A. macroclada in fine sediment. While gypsum increased the establishment of
Heteropogon contortus in the initial trials, it did not influence the survival in any of the
trials.

The growth rate of plants is important, as the more quickly the plant can establish and
provide soil cover and binding, the more effective the erosion control is (Costin, 1964).
The addition of fertiliser was again an influential factor for growth rate. The fact that A.
macroclada responded with a faster growth rate in different substrates rather than in the
presence of fertiliser, may indicate a particular sensitivity to the level of nutrient
availability in the topsoil that was overcome either with the addition of fertiliser, or via
structural influence of the substrate on growth rate.

Foliage cover has a close negative relationship with soil erosivity (Loch, 2000). Foliage
cover of E. rigidiuscula was greater than P. decompositum and A. macroclada. High
foliage cover, root mass and shoot biomass indicate the ability of the grass to bind the
soil and protect it from erosion both above and below the surface (Gyssels & Poesen,
2003; Gyssels etal., 2005). The greater biomass production also means higher levels of
organic production, which is an important influence in the production of soil organic
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matter and in turn encourages soil biota (Franzluebbers, 2002; Martin & Chambers,
2001).

The very high levels of sodium in the fine sediment substrate create inhospitable soil
conditions for plant growth (Garg, 1999). In an effort to ameliorate such conditions, the
addition of gypsum would be expected to increase water infiltration, facilitate root
penetration and improve both structural and chemical properties of the soil (Qadir et al.,
2001). P. decompositum was the only species to respond favourably to the addition of
gypsum on fine sediment substrate by increasing the root: shoot ratio. The control
treatments had plants with greater growth rates and heights than those with gypsum
additions. Given the successful self establishment and persistence on the high sodium
substrates at Craig Creek, these species have proven well adapted to the edaphic
conditions.

The low nutrients of tropical soils are acknowledged as a limiting factor to plant growth.
When native grasses in the Northern Territory have been treated with fertiliser there has
been an increase in the cover produced. Ectrosia leporina had an increase in cover from
38 ± 0.7% without fertiliser to 61± 2.3% with the addition of fertiliser (Lane, 2002). The
addition of fertiliser affected all aspects of plant growth across all substrates. The
response of species was more varied with A. macroclada being the least positively
affected. Application of fertiliser at the Craig Creek site during initial growth periods
(December to January) would be difficult due to the waterlogged conditions. However,
the potential for grass establishment, growth and persistence and, hence, effective
erosion control would be greatly increased with the addition of fertiliser.
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The soil amelioration trials received considerably more water than the field capacity
trials, and this was reflected in the biomass variation between them in the final harvest.
The rapid increase in growth rate after the addition of the waterlogging treatment in all
species indicates that moisture may have been limiting growth prior to that. Biomass,
foliage cover and height of the plants were also affected. The rapid recovery of all
species when exposed to the waterlogging treatment and the persistence of the other
field capacity treatments through moisture deprivation both bode well as indicators of the
resilience of the grasses to difficult environmental conditions. There was no mortality in
the waterlogged conditions when all below surface soil as well as the first 5 cm of foliage
were immersed. Although all plants were well established when placed in the
waterlogged treatment, the response was positive rather than negative, as may have
been expected from the anoxic soil conditions that develop underwater (Malik etal.,
2001).

Era grostis rigidiuscula displays most of the desirable properties a grass needs to be an
effective erosion controller. It establishes easily, grows rapidly, projects a large foliage
cover, is found locally and has abundant seeds that are easily collectable (Costin, 1964).
Persistence of this species on the fine sediment sections of the transects was good.
However in initial establishment it may need extra assistance in order to become more
firmly established. The response of E. rigidiuscula to fertiliser in this study suggests that
fertiliser would increase the presence of this species on the Craig Creek site and so
provide protection to the soils to prevent soil loss.
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6.0 Findings and Conclusions
6.1 Introduction

The major research objective of this project was to develop practical techniques
for controlling erosion at the Craig Creek site of Mt Bundey Training Area, through
the use of soil surface treatments and grasses from the local area.

The research necessary to achieving this objective was implemented in three stages:

an investigation of the grasses that were already establishing on the erosion
area, and the assessment of the germination and dormancy characteristics of
those grasses (Chapters 2 & 3);

an investigation into the use of various soil surface treatments for stabilising the
soil surface and promoting grass establishment and persistence (Chapter 4); and
an

an exploration of the growth characteristics of the most promising perennial
species from the site, and their responses to soil amelioration and watering
treatments to determine the most suitable grass or grasses for erosion control at
the site (Chapter 5).
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6.2 Findings of this study

Analyses of soils at the Craig Creek site determined that scalded soils had
high levels of sodicity and low nutrient levels. The high rates of sodium in the
subsoils at Craig Creek constrain plant growth, and results in problematic soil
physical properties such as dispersion and surface sealing that make the
control of erosion on these soils exceptionally difficult (Chapter 2).

A suite of local grasses was found to be self establishing on all soil types in
the area. However survival of most of the perennial grass species over the
dry season was poor (Chapter 2).

Three sample transects were used to monitor the self established populations
of grass on the scald, and showed that the sediment soil types had the
highest proportion of established plants, and that A. macroclada, E.
rigidiuscula, E. sororia and P. decompositum were the most persistent
species throughout the dry season (Chapter 2).

Seed germination studies determined that of the 15 species selected from the
area, seven had high enough proportions of germinated seed lot to make
them viable contenders for large scale use. E. sororia, E. rigidiuscula, H.
contortus, P. decompositum, S. lax/forum. E. burkitti and A. macroclada all
had germination proportions greater than 40% (Chapter 3).

Of the dormancy treatments applied to these grasses, only three species
were significantly affected, with Dicanthium sericeum germination increasing
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in response to scarification, Eragrostis rigidiuscula with the potassium nitrate
treatment, and Brachyachne convergens responding positively to both
scarification and potassium nitrate treatments (Chapter 3).

The use of sand as substrate and incubation in a shade house for the
germination trials, rather than filter papers in a constant temperature
incubator increased the proportion of germinated seeds for eight of the 15
species. Seed germination for some of the species was then similar to, or in
excess of, that of seeds on filter paper that had dormancy breaking
treatments applied (Chapter 3).

The dominant species that established on the transects at Craig Creek
(Chapter 2) were represented in the suite of species that responded
successfully to germination treatments (Chapter 3). The perennial species
that had the most persistent and numerous establishments on the plots
(Chapter 4) were also amongst those species that had high germination
responses (Chapter 3). Ectrosia leporina is the exception; seeds were not
collected but its presence in plots during field trials suggests that it is also a
potentially useful species for erosion control.

Monitoring of soil erosion showed that fine sediment soil plots were the most
affected by soil loss during the wet season. On average each fine sediment
plot lost 3.7 ± 0.6mm between October 2003 and April 2004. The gravel
surface was the least mobile soil type and, hence, the least in need of
ameliorative treatments (Chapter 4).
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Jute matting and the wire with straw mulch treatment plots accrued soil
during the wet season. This indicates the potential of these two treatments to
stabilise the soil and trap nutrients which will promote plant growth (Chapter
4).

Logs are not suitable for use in erosion control in areas such as Craig Creek
where substantial water flow across the surface of dispersive soils occurs,
because soil loss can be greater in the log treatment plots than that from bare
plots (Chapter 4).

On the fine sediment plots all the soil treatments resulted in a mean grass
establishment density that was at least three fold greater than that for
untreated plots. Although 22 species of grass were established after the wet
season, E. sororia, E. rigidiuscula, A. macroclada and P. decompositum were
dominant by July as the dry season drought caused high rates of mortality in
the seedlings established (Chapter 4).

In spite of treatments, the fine sediment and gravel soil types had much less
grass establishment than the topsoil plots (Chapter 4).

Survival of the grass species used in the shade house trials was not
improved by the addition of gypsum to the fine sediment soil and mortality
was high in spite of gypsum and fertiliser treatments applied under shade
house conditions (Chapter 5).
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In spite of being waterlogged for 11 weeks, survival of all grass species was
extremely good. Waterlogged grasses tended to grow taller and it did not
affect the final biomass that was achieved. Hence grasses could provide
reasonable erosion protection despite waterlogging (Chapter 5).

Survival success was greater for A. macroclada grasses than P.
decompositum over the three month period of the shade house trials(Chapter
5), which concords with field observations (Chapter 2).

6.3 Future work
The inability of the grasses to survive through the dry season drought is a major
impediment to erosion control using local grasses at the Craig Creek site. Nevertheless,
despite the very difficult soil conditions found in the scald, a suite of grass species is
able to establish and persist on the site. However the very low presence of these
grasses at the end of the dry season limits their potential to protect the soil surface
during the first rainfall events.

Seeding the area with treated seed to ensure high germination rates is possible given
the positive response of many species to the varying substrate and dormancy breaking
treatments in the germination trials. Those species found in the most mobile areas of the
scalded zone, the fine sediment, can all be reliably germinated in high proportions of a
viable seed lot (A. macroclada, Era grostis rigidiuscula, Era grostis sororia and P.
decompositum).
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The soil surface treatments were a successful way of stabilising the soil surface through
the course of the wet season. Placement of the jute matting or wire with straw mulch
treatments on the site can encourage stable patches on the surface of the scald that limit
the soil and nutrient loss from these points. The use of log treatments is not
recommended at this site, as the overland flow and dispersive nature of the soils caused
increased erosion during the wet season.

The establishment of local grasses was enhanced by the use of soil surface treatments
on the fine sediment plots, which are the most mobile and vulnerable to erosion of the
substrates. Fertilisers increased the survival of the grasses in the shade house trials,
where mortality was nonetheless very high overall.

While these results represent a good starting point for erosion control at Craig Creek, a
number of important issues remain to be resolved.

An examination of which points on the scald are most vulnerable to erosion
and which areas are eroding at the fastest pace would help to isolate priority
areas on the scald site and, therefore, focus erosion control efforts,

Ongoing monitoring of the self established grass populations on the Craig
Creek site would provide a better understanding of the population dynamics
of the species in question.

Viability in the seed lot of 33% of the species examined in this study was very
low. The collection of viable seeds from a number of grass species in the
area, and further exploration of the effects of temperature, seed age and
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substrate on the dormancy of the grasses, would help elucidate further the
germination requirements of these species, and extend the options available
for the use of local grasses in the Craig Creek area.

4. How the organic matter in the wire and mulch treatments and the jute
treatments is assimilated into the soil and transformed into soil organic matter
and which organisms assist in this process, would illustrate the potential of
these treatments to act as a resource trap within the scald and an instigator
of increased soil health. How quickly the jute disintegrates in tropical
conditions may also prove important in management decisions regarding the
longevity of the treatment and the potential need for replacement.

6.4 Conclusions

The main priorities for erosion control at the Craig Creek area are to halt the
undermining of the topsoil around the scald, and to stabilise the central fine sediment
area in order to stop the continual haemorrhaging of resources from the area. Jute and
wire plus mulch were both effective at controlling erosion on the site, and both provide
good traps for nutrient collection. Ongoing monitoring over several years to determine
their persistence on the site and how effective each is at creating patches of nutrients
and promoting grass growth in the scalded zone would be desirable. Although jute is the
more expensive option of the two, the wire plus mulch treatment in terms of the amount
of time needed to both collect mulch and the establishment of plots on the site. The
ability of the jute to mould itself to uneven surfaces is another advantage when working
in the topsoil/scald interface where crumbling peds make the surface uneven.
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E. rigidiuscula shows many of the traits associated with successful erosion control, in
that it establishes easily, grows quickly, is persistent and provides a good foliage cover
(Costin, 1964). Seed of all four of the species outlined is available and easily accessible
at the Craig Creek site between April and July. Their lack of persistence of seedlings
throughout the dry season is, however, of some concern. Transect data shows that E.
rigidiuscula has the ability to survive the dry season drought once established, and is
encouraging. However the inclusion of A. macroc/ada in any seeding trials would be
beneficial. Though A. macroclada has slow growth it was the most persistent of the
species in the area, and would provide a safeguard against high mortality rates in E.
rigidiuscula. Due to access difficulties during the wet season, soil surface treatments that
were laid out in the late dry season (Sept—Oct) and sown with treated seed in the early
wet (Dec-Jan), could then be fertilised with an N:P:K fertiliser mix at the beginning of the
dry season.

Extensive work on the revegetation potential of Ectrosia leporina has been conducted on
the Ranger minesite in the Northern Territory. Ectrosia leporina is a perennial tussock
grass provides moderate to high vegetation cover and produces large amounts of seed
annually. It has high germination rates after dormancy treatments and a long storage life
(4 years) before viability is affected. The growth and survival of E. leporina was
unaffected by the addition of fertiliser (Lane, 2002; Ashwath et aL, 1994) and as it is
abundant on the Craig Creek site in areas associated with the Eragrostis spp., large
amounts of seed are readily available. Ectrosia leporina was present particularly on the
fine sediment and gravel plots (Chapter 4). However it was less persistent throughout
the dry season than Era gro st/s rigidiuscula.
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An adaptive management strategy that is able to integrate the changes wrought by each
wet season and respond with appropriate treatments is essential, especially given the
dynamic nature of erosion. The extent and range of sodicity on the property should be
mapped, and a management plan implemented to avoid disturbing the fragile surfaces
and exposing the erosive subsoils beneath.
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Appendix I

Methods of soil analysis used by Incitec Laboratory
Soil Properties
Colour
Texture

pH (1:5 Water)
ESP (sodium % of cations)
Organic carbon (%)
Elect. Conductivity dS/m
Nitrate Nitrogen mg/kg

Phosphorus (CoIwell) mg/kg
Potassium mg/kg
Ca mg/kg
Mg mg/kg
Na mg/kg

Sulfate Sulphur(KC140)mg/kg

Aluminium (KCI)Meg/lOOg

Chloride mg/kg
Copper (DTPA) mg/kg
Iron (DPTA) mg/kg
Zinc (DTPA) mg/kg
Manganese (DTPA) mg/kg
Boron (Hot CaCl2) mg/kg
Aluminium Saturation %
Cation Exch. Cap. Meg/I OOg

METHODS OF SOIL ANALYSIS
Visual assessment of moist soil against Munsell
colour chart.
Field texture techniques of Northcote.
1 to 5, soil to water dilution, stirred, stand 1 hour
and read while stirring, using combination
electrode.
=
Nax100
Cation exchange capacity
Walkley and Black, using H2SO4 and K2Cr2O7 in
1:100 dilution, measured colormetrically.
1:5 soil to water, stirred, stand 1 hour and read by
conductivity meter.
1:5 soil to water, intermittent stirring over 1 hour,
centrifuged nitrate measured colormetrically.
1:100 soil to solution of 0.5M NaHCO3 end-overend 16 hour shake, centrifuge, measured
colormetrically in segmented flow analyser.
1:10 neutral, normal ammonium acetate, 1/2 hour
vigorous shake, centrifuged, measured on ICP
AES* .
1:5 soil to solution of 0.01 M Ca (H2PO4)2, endover-end for 16 hour shake, centrifuge, measured
on ICP AES* as phosphate extractable sulphur
(sulphate).
1:10 soil to solution of 1M KCL, 1 hour vigorous
shake, centrifuged, measured on Atomic
Absorption Spectrophotometer.
1:5, soil to water, intermittent stirring over 1 hour,
centrifuged and chloride measured colormetrically
in segmented flow analyser.
1:2 soil: solution of DTPA**, triethanomaline and
CaCl2 1/z hour vigorous shake, centrifuged,
measured on ICP AES*.
1:2 soil: solution of hot 0.01 M CaCl2, refluxed for
10 minutes, centrifuged, measured on ICP AES*.
=
Alx100
Cation exchange capacity
= sum of K, Ca, Mg, Na and Al (if present)

AES Inductively coupled plasma atomic emission speCtrometry
**DTPA —diethyienetriaminepentaacetic acid (chelating agent)
-
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Appendix II

A Plant survival in waterloacied shade house trial
-

Substrate
Fine sediment

Treatment
Field Capacity

Waterlogged

Topsoil

Field Capacity

Waterlogged

Potting Mix

Field Capacity

Waterlogged

Species
A. macroclada
E. rigidiuscula
E. sororia
P. decompositum
A. macroclada
E. rigidiuscula
E. sororia
P. decompositum
A. macroclada
E. rigidiuscula
E. sororia
P. decompositum
A. macroclada
E. rigidiuscula
E. sororia
P. decompositum
A. macroclada
E. rigidiuscula
E. sororia
P. decompositum
A. macroclada
E. rigidiuscula
E. sororia
P. decompositum

Number of Plants
Surviving
4
5
3
6
4
2
3
4
15
5
7
10
3
4
4
4
0
0
0
0
0
0
0
0
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R Plant survival in soil amelioration shade house trial
-

Substrate
Fine sediment

Treatment
Control

Fertiliser-1-Gypsum

Gypsum

Fertiliser

Potting Mix

Control

Fertiliser

Topsoil

Control

Fertiliser

Species
A. macroclada
E. rigidiuscula
E. sororia
P. decompositum
A. macroclada
E. rigidiuscula
E. sororia
P. decompositum
A. macroclada
E. rigidiuscula
E. sororia
P. decompositum
A. macroclada
E. rigidiuscula
E. .sororia
P. decompositum
A. macroclada
E. rigidiuscula
E. sororia
P. decompositum
A. macroclada
E. rigidiuscula
E. sororia
P. decompositum
A. macroclada
E. rigidiuscula
E. sororia
P. decompositum
A. macroclada
E. rigidiuscula
E. sororia
P. decompositum

Number of Plants
Surviving
2
2
3
0
2
3
2
3
2
2
2
3
0
3
4
0
1
1
2
2
5
7
3
6
2
3
4
1
1
1
1
1
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