> Growing

Southern Gippsland

FIELD DAY- Pathogens, parasites and pesky pests.
New and emerging biosecurity threats in a changing climate.

You are invited along to this exciting field day on biosecurity in a changing
climate and its impacts on agriculture in Southern Gippsland.

Field day topics include:

e Biosecurity planning, farm hygiene, current and future pathogens and parasites

e New and emerging pest plants as a biosecurity threat

e Integrated pest management in a changing climate, a horticulture enterprise case study
e Good and bad soil biology and what to expect in a changing climate

e Liver Fluke and the ‘on farm’ warning signs
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The Growing Southern Gippsland project is funded through the Victorian Centre for Climate Change
Innovation, Bass Coast Landcare Network, RMIT University and Federation University Australia.
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Soil microbes —the good! the bad! &
the ugly!

Dr Mary Cole
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www.agpath.com.au

Federation University, Environmental Science Field
day, 1060 Loch-Kernot Road, Kernot. October 23
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Soil Food Web Flow Chart
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Impact of climate change on
biological systems

e Met Bureau latest report (2018 state of the
climate statement) states:

e >1 degreerise since 1910;
e 2018 3 warmest year on record;
e Last 34 years just one day under arecord,

e Climate change — frequency, severity, impact!

Dr Mary Cole Agpath P/L



Temperature anomaly (°C)
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pH Australian waters
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Acidifying oceans means loss of calcium based exoskeletons on ocean
crustaceans; loss of microbes diversity; loss of food for great whales, etc.
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Water cycle
-

e Vegetation holds water.

e Overall decline in precipitation & available
water — reduced trans-evaporation.

In the morving , the sum shines avd
heats up the grownd. Hotf and wef air
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How to save water In agricultural
system

e Aerobic process.
e Destroys pathogens.

e Converts nitrogen from unstable & volatile ammonia (NH,) to more
stable forms such as nitrates.

Table 2. Characteristics of some common compost materials

Material type Approximate Approximat |Approximate Approximate Nitrogen
dry bulk e moisture Carbon (%) (%)
densitay (%)
(kg/m”)

Green waste 250 <10 55-70° 0.2

Sawdust 200 <10 80 0.0001

Straw (wheat) 110 <10 50-70 0.4

Barn litter 550 25 35-55 4.1

Caged layer manure 550 30 29 4.6

Source: NRAES 1992. Numbers have been converted from imperial to metric
@ Carbon in green waste can be in a form that is not available for composting. It is important to select
a fine grade green waste with a high proportion of small particle size material.

Agpath P/L 2017



Carbon cycle

(picture Dr Andrew Rawson)

CO, absorbed
in photosynthesis

CO2 emitted
by respiration
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Bacterial vs Fungal
S

Bacteria release: 60% of C as CO2
20% used in new bacteria
20% as food waste — metabolites.
Bacteria do not hold calcium.

e Fungirelease: 20% of C as CO2

o) 60% in new fungi
° 20% as food wastes —
metabolites

e Fungi hold lots of calcium — see Glomalin.
Dr Mary Cole Agpath P/L



Flagellates
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Several flagellates
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Stellate & testate amoeba
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Nematodes

5476502

e Beneficial nematodes Parasitic nematodes
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Haven't seen you
around here before.

'J-Don't be silly. I'm yourﬂ-‘
Iother end.

Earthworms essential
for healthy soil
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What is composting? How
to use our ‘waste’.

I'M FED UP WITH THIS 6UY -
ET'S BECOME PATHOGENIC
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Human pathogens
-

Heat (bacteria, fungi, helminths, virus)
Microbial competition (food, space)
nhibitors

Predator consumption

Passage through digestive system or
contact with earthworm surfaces

Dr Mary Cole Agpath P/L



A final thought to ponder!
-

o
We would be wise to view soll as a
finite resource that must be well
managed at all imes 1f our descendants
are to inherit land that has a good
productivity capacity” (Reid, 1990)

Dr Mary Cole Agpath P/L



Soil Food Web Flow Chart
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Integrated Pest Management in vegetables and other crops.

Dr Paul Horne, IPM Technologies Pty Ltd.

Control of pests in many crops is achieved by the use of pesticides and this is easy and effective
while the pesticides work or are available. However, when the pesticides either stop working
because of resistance or when the pesticides are no longer legally available then growers must look
to another way to control pests. The alternative to reliance on pesticides alone is IPM.

IPM is shorthand for Integrated Pest Management. What IPM means is integrating all of the control
measures that are available in a compatible way. IPM Technologies P/L considers that there are only
three control options available: Biological, Cultural and Chemical. Integrating these so that they do
not interfere with each other and instead complement each other is the cornerstone in developing
successful IPM strategies.

Often the decision on which pesticide to use is based only on cost or the efficacy of the pesticide on
the target pest. What is often neglected is a consideration of what impact that pesticide will have on
the biological control agents that are keeping a range of other pests under control. So, the pesticide
may have the desired effect on the target pest but then flare pests because beneficial species are
killed. Examples of pests flared in this way include two-spotted mite, thrips, scale insects,
mealybugs, aphids and many other species. The impacts of pesticides on beneficials is complex and
accurate information on this is not always readily available for the pest-beneficial complex of
importance in any crop. Search for independent advice when making decisions on pesticide use in
an IPM programme.

The forgotten (or ignored) control option is what we refer to as Cultural controls. This is simply
management options. While sprays deliver the results required these cultural options are often
ignored. But when the decision is made to not rely solely on pesticides then these cultural options
are usually the most important controls to be used. In the case of babyleaf spinach production the
main pest is a mite that distorts the crown and leaves. There is no biological control option and no
chemical control available and so control is totally up to management (a fallow period).

IPM Technologies P/L is currently working with growers of vegetables and many other crops. The
strategies that we help to develop with growers and advisors is based on the outline above. The
reasons for implementing IPM could be driven by the desire to deliver to export markets that require
a change in pesticide use, or simply by the desire to control pests in a more sustainable way. The
way to achieve this is by successfully developing and implementing IPM strategies suited to
Australian conditions.

Visit the IPM technologies website for further information.

http://ipmtechnologies.com.au/



http://ipmtechnologies.com.au/

M. M Fecderation
[N _[§] ity

Innovations in Infectious
Disease Detection:

Implications for Agribusinesses
and Consumers

21/10/2019

Mil metric
tons

Meat  milk meat milk

Developed Developing

Projected global meat and milk consumption

Scientific name: Fasciola
hepatica / gigantica

Common name: liver fluke
Disease: fasciolosis :
Size: adult 20-30mm v e

Resides in liver

= Worlds most dispersed infection
= Hosts - cattle, sheep, goats (& humans)
= Annual global losses of US $3 billion
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Reduced milk quality/production, meat & death
Reduced draught power

Regional relevance

= Study by Elliott et al.
(2015)

= Maffra & Bairnsdale
areas

= Infected herds -
6/15 or 40%

715000709

Location of farms tested for fasciolosis




Control

=Key drug - Triclabendazole
(TCBZ)

= Treatment and control
=Drug resistance
=Elliott et al. (2015) study

21/10/2019

Diagnosis

Accurate diagnosis :

= Optimal treatment programs ASSURED diagnostic

= Increased on-farm production
= Reduced economic loss

Affordable

Specific

Sensitive

User friendly

Robust and rapid
Equipment free
Deliverable to the end user

(Mabey et al., 2004)

Faecal egg counts (FEC)

= Current industry ‘gold standard’ in diagnosis
is microscopy
= Largely unchanged
= Lacks sensitivity
= 30% of animals are asymptomatic

. Federation
ety




Current Diagnostics for Liver Fluke

Diagnostic traits Faecal egg Copro-Ag  Molecular
count (FEC)  ELISA test (PCR)
rs s
e -
% Rh— .\L =
Sensitivity x v v
=correctly identify those with the
disease
Specificity v v v
=correctly identify those without
the disease
Detect current infection v v v
Detect early infection x x[v v
Quantify fluke burden X ? v

=number of flukes in liver

Currently no adequately specific assay suitable for on-farm use

21/10/2019

Loop-mediated isothermal
amplification (LAMP)
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ﬁ Diagnostic Microbiology and Infe
e

us Disease

Evaluation of colorimetric detection methods for Shigella, Salmonella, and Vibrio
cholerae by loop-mediated isothermal amplification

Kevin W, Sali %, Monalisa Kas *, Tobias Maure , Masihiro Umezaki ®, Ayako Morita *, Peter M. Siba %,
Andrew R Greenhill *%, Paul F. Horwood **

Approach

«To evaluate LAMP for the diagnosis and quantification

of Fasciola hepatica in faeces of infected cattle

=

LAMP




LAMP procedure

| Reaction [N
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Turbidity Gel Turbidity Calcein ~ HNB
reading picture
Needs instrumentation No need of post LAMP analysis

LAMP: On-farm application

Visual and automated detection

Visual detection with calcein dye

T N B
Clearly visible colour change in positive
LAMP pre and post amplification




LAMP vs microscopy

= On-farm diagnostic study of ~60 samples
=Dairy farm, Maffra

=LAMP conducted on farm detected
Fasciola in 97% of samples determined to
be positive by FEC in lab

=LAMP also detects Fasciola in faeces
where FEC does not detect the parasite

21/10/2019

Sensitivity 7% 93% 94%
Specificity 38% 46% 53%
Summary

« Liver fluke distribution could expand with change in
climate

* LAMP offers improved diagnosis of liver fluke disease
« Potential for on-farm application

« Faster time to diagnosis

« Targeted treatment

« Cost-savings:
» On-farm diagnosis (decreases need for laboratory expertise)
« High throughput (if conducted in laboratory)

« But early days:
« Optimisation of assay
« Further studies required
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Thank you
Questions?

https:, m/2018/11,
disease-ravages/
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Control of Liver Fluke Disease

A major multidisciplinary review of the global impact of food demands and the role of livestock, undertaken
by the International Food Policy Research Institute, the Food and Agricultural Organisation of the United
Nations and International Livestock Research Institute, predicts that world demand for animal protein will rise
by at least 50% by 2020 [1, 2]. The major sources of animal protein are the important agricultural species,
sheep, goats and cattle [3] which provide milk, meat, fibre, skins and/or draught power worldwide. In the
developing world, these species often represent the sole asset base for small-holder farmers and
cattle/buffaloes provide the majority of draught power for crop production. Nearly 1 billion of the world’s
poorest people rely on livestock for their survival. Successful livestock management therefore forms a key
stepping stone for sustainability and economic growth.

Current efforts to meet the demands for animal protein are primarily from increasing numbers of animals
rather than increased productivity per animal [1, 2]. Unfortunately, this increasing density of animals often
leads to degradation of rural areas through erosion, clearing of forests, water contamination, rapid increases in
the incidence of zoonotic diseases (animal to human transmission) and a build-up of pesticides in the food
chain [2, 4]. There is also increasing competition for land resources both for human use and for environmental
sustainability [2]. In addition, much of the greenhouse gas generated by agriculture is in the form of methane
produced by ruminants (mainly goats, sheep and cattle). To alleviate these problems, increments to production
must increasingly derive from higher levels of production from each animal rather than more animals [1, 2].

The global average production losses due to animal diseases are greater than 20% [1, 5] and significant
increases in productivity could be achieved by better management of infectious diseases [3, 4]. The major
production losses caused to livestock such as goats, sheep and cattle are by infection with helminth (worm)
parasites, particularly, liver fluke (Fasciola sp.) infection [6, 7]. Liver flukes (Fasciola hepatica and Fasciola
gigantica) have the largest worldwide distribution of all helminths and their long life span coupled with their
ability to infect all ruminant species, make them the largest cause of global production losses [7]. In Australia,
liver fluke disease (=fasciolosis) caused by Fasciola hepatica is an increasingly serious constraint on animal
production in NSW and Victoria where up to 40 million sheep and 6 million cattle graze pastures where liver
fluke is endemic, and is estimated to cause a 40% loss in milk yields [6]. In tropical regions of Asia and
Africa, fasciolosis is the single most important helminth disease of cattle with 700 million animals at risk [6].
We carried out a 2 year study using our Fasciola-specific diagnostic test and showed that greater than 80% of
cattle in rural communities of Indonesia are infected with liver fluke [8].

Clearly, the control of liver fluke infection is a key strategy to lifting animal productivity worldwide. At
present, the only control strategies employed rely on the use of molluscicides to kill the intermediate snail host
or drug treatment of infected animals [9]. There is only one anthelmintic drug, triclabendazole, for effective
treatment, but prophylaxis is only of short duration and thus the drug needs to be frequently re-administered
[9]. The cost of treatment and increasing resistance of the parasite to the drug, is making drug control
untenable [6].

The current gold standard for diagnosis of liver fluke infections is the identification of eggs in the faeces.
However, the predictive value of a single egg count is poor, because egg counts are not linearly related to the
number of flukes in the liver, about one third of animals with infection have zero egg counts and eggs are not
present in the faeces until fluke reach maturity, usually at 10 to 14 weeks after infection. Recently, Federation
University in collaboration with other researchers are trialing improved diagnostics to allow easy detection of
infected animals on-farm. Thus with these improved diagnostics, control through targeted drug treatment will
be possible, increasing the effectiveness of treatment and reducing overall costs.
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Weeds and climate
change - notes

Weeds will be affected by the changing
climate in a number of ways, but trends
will take time to emerge from the
background of normal year to year
fluctuations in weed infestations. It will
be particularly important to prevent
introduction and establishment of new
weeds that may be better suited to the
future climate.

CLIMATE CHANGE IN VICTORIA

Climate Projections 2019 prepared by the CSIRO are
available at https://www.climatechangeinaustralia.gov.au and
include in summary that for southern Victoria:

Maximum and minimum daily temperatures will continue to
increase over this century (very high confidence).

By the 2030s, increases in daily maximum temperature of 0.9
to 1.8°C (since the 1990s) are expected.

Rainfall will continue to be very variable over time, but over
the long term it is expected to continue to decline in winter

and spring (medium to high confidence) and autumn (low to
medium confidence), but with some chance of little change.

Extreme rainfall events are expected to become more
intense on average through the century (high confidence).

EFFECTS ON DISTRIBUTION AND
ABUNDANCE OF WEEDS

Predicting how individual weed species will respond to the
above changes is challenging. Although in general weeds
that do better in warmer conditions will gain an advantage,
there are other factors that complicate the situation. For
example, growth of blackberry is suppressed under dense
tree cover and blackberry will therefore be strongly affected
by the future health of the tree canopy as well as directly by

the altered rainfall and temperature. Year to year variability in
seasonal conditions will continue to have large effects on the
growth of weeds, so that trends due to climate will only
gradually become apparent.

Modelling of the places where conditions will be suitable for
different weeds in 2050 and 2070 is available at
http://www.weedfutures.net/ The total area of southern
Victoria that is highly suitable for some weeds (eg sycamore
maple and soft rush) is predicted to decrease, whereas the
area suitable for others (eg bitou bush and prickly pear) will
increase. However, there will be no major alteration in the
area with climate suitable for many of the common weeds.

Climate change will create potential for new weeds to
establish that have previously been excluded by unsuitable
conditions. Whether these weeds actually establish depends
on whether routes of spread into the region exist and on
whether new weeds that arrive can be detected early and
eradicated.

EFFECTS ON WEED MANAGEMENT OPTIONS

Moisture stress reduces the effectiveness of many
herbicides. Under drier and hotter conditions the number of
days when these products can be used is likely to decrease.
Different herbicides may need to be used, together with
adjustment to the timing and method of their application.

The State of the Environment 2018 report
http://www.bom.gov.au/state-of-the-climate/australias-
changing-climate.shtml identifies that between 1978 and

2017 the length and intensity of the fire weather season have
increased. This trend is likely to continue and will reduce the
availability of controlled burning as a safe tool for weed
management.

Biological control agents have been released to assist in the
control of some important established weeds, see
https://biocollect.ala.org.au/biocontrolhub The final effect of
any biocontrol agent is the outcome of complex interactions
involving the physical environment, and the biology of the
agent and the target weed. The overall effect of climate
change will likely vary from agent to agent and could on
balance be positive or negative for the level of weed control
achieved in future.




Further information

Weeds and Climate Change: Supporting weed management
adaptation is a technical guide that synthesises impacts and
adaptation information likely to be broadly applicable across
much of Australia, to assist NRM Groups with regional
planning for weed management.
https://adaptnrm.csiro.au/wp-content/uploads/2014/08/Adapt-
NRM M2 WeedsTechGuide 5.1 LR.pdf

The West Gippsland CMA Regional Natural Resource
Management (NRM) Climate Change Strategy is useful to
identify how weed management issues fit into the wider
context of adapting to climate change.
https://www.wgcma.vic.gov.au/our-region/climate-change
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