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2. Executive Summary
The agricultural industry plays a huge role in Australia's economy. However, soil and

dryland salinity are two significant problems harming crop production and agricultural
output, especially in regions such as southwest Western Australia. Soil and dryland salinity
are currently a potential threat to over 6 million hectares of agricultural land, resulting in
over $500 million in lost agricultural productivity annually. This project explores the
future economic impact of Australia's soil and dryland salinity problems. It provides
recommendations to Australian farmers and the government to mitigate this issue with
new ideas and cost-effective strategies.

Soil salinity refers to the amount of dissolved salts in a soil solution, and through a
process called salinization, soil salinity increases. This can occur through dryland salinity,
which is a natural process for soil, similar to other processes like wind erosion. An increase
in soil salinity from dryland salinity leads to land degradation. In Australia, this leads to
crops dying, making farmland unusable, and harming the agricultural industry and
Australia’s economy. Man-made processes such as land clearing and deforestation can lead
to increased salinity, further harming crop productivity in Australia.

Our report uses a global salinity database published by PANGAEA5 to analyze
groundwater and surface water salinity levels and predict future salinity trends in
freshwater sources across Australia. Our data includes information from over 1,300
stations, using 5.1 million samples, in Australia. Our report also relies on datasets published
by the Australian Bureau of Meteorology to evaluate the impact of temperature, humidity,
and rainfall on salinity. We used a Long Short-Term Memory Recurrent Neural Network to
analyze and predict rainfall. Given the periodic nature of the temperature and humidity
data we analyzed, we also relied on classical machine learning techniques such as Fourier
analysis to create a predictive equation for these. Finally, we used a Random Forest model
to find how these affect salinity.

Using our mathematical models, we anticipate that the total economic loss caused
by salinity will exceed $700 million by 2024. We have identified several possible solutions
to Australia's dryland salinity issue based on our findings. Using a predictive model we built
that uses historical salinity values to predict future salinity, we developed solutions
designed to address this issue differently. One of our solutions is growing more naturally
salt-tolerant crops (barley, sorghum, cotton, etc.) to mitigate the impact of increasing soil
salinity and ease Australia's economic dependency on salt-sensitive crops. We found that
increasing humidity resulted in salinity to drop, and the most effective way to increase
humidity is through greenhouses. We also explored the effectiveness of genetically
modified crops and identified techniques that can be used to genetically engineer existing
crops to become more salt tolerant. At a high level, our method involved transferring
salt-tolerant genes from halophytic plant species to glycophytic recipient plant species in
order to improve their salt tolerance. Next, we suggested a more efficient method of
irrigation known as drip irrigation, which “leaches” salt from the root zone of crops,
bringing down its salinity. Our last recommendation is for the Australian government to
use a process called reverse osmosis, which filters water from salt and other contaminants,
effectively allowing for cleaner water to be used in agriculture.
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3. Introduction & Background
Australia’s economy is heavily reliant on its agricultural industry. In 2022, Australia’s

agricultural exports totaled $66.6 billion and are forecasted to grow as much as $10 billion
during 2023. Agriculture accounts for approximately 14% of Australia’s total goods and
services exports, with Beef, wheat, meat, wool, vegetables, dairy, fruits, and nuts being a few
of its most significant exports. Growing each of these commodities requires significant
amounts of resources and arable land. This essentially means that the amount of arable
land available in Australia can significantly influence the strength and success of the
Australian economy. Agriculture also accounts for over half of Australia’s total land use (427
million hectares). Any threats to the usability of arable land in Australia indirectly correlate
to a weakening in Australia’s ability to export goods and sustain its economy. Given
Australia’s reliance on its agricultural industry, any threats to this land pose a significant
threat to the Australian GDP.

Figure 1: A breakdown of Australia’s agricultural exports

However, any threats to the arability of Australia’s land are not just a significant issue
for Australia’s economy. The implications of issues like soil/dryland salinity are not just
limited to Australia but could potentially be global. Australia is one of the world’s leading
agricultural exporters, with over 70% of agricultural production in Australia is exported.
China, for example, is Australia’s large export market, with its most notable import being
wool. In 2021, China imported 181,000 tons of Australian wool ($1.89 billion USD worth). A
decrease in wool production in Australia could severely impact China’s import market.
Australian wool accounted for 78.9% of China’s 2021 imports, indicating how severely
dependent countries are on Australia’s agricultural exports. In fact, despite the fact that
more than 60% of land in Australia is used for agricultural purposes, only 6% of that land is
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used for growing crops. (The remaining is used to raise cattle and grow crops to feed them).
And more than 11% of Australia's agricultural land is owned by foreign nations, meaning any
threats to Australia’s arable land should receive global interest/support.

Figure 2: FIRB-approved investment in Australia’s agriculture by source

But, despite the importance of arable land to Australia, a key issue has been
impacting Australia for years. Soil and dryland salinity are major problems that harm crop
production and agricultural output in Australia, especially in regions such as southwest
Western Australia.

Soil salinity refers to the amount of dissolved salts in a soil solution. Dryland salinity
is a natural process for soil, similar to weathering or natural erosion. Dryland salinity
naturally occurs in regions that are under-irrigated/relatively dry. However, activities such
as land clearing and deforestation can accelerate this phenomenon through a process
known as secondary salinization. When large areas of land are cleared or deforested, the
soil in those regions is disturbed in large quantities. This causes the groundwater levels
(water table) to rise. As the water table rises, it dissolves salt and other sediments found in
the soil. As the salt/sediment dissolves, it rises until it reaches the surface, where it then
begins to harm growing plants and crops. As more and more soil is disturbed and more and
more salt is dissolved, the soil salt concentration increases. In Australia, clearing land has
also reduced native vegetation, causing a buildup of salt in the subsoil. This eventually
renders the land inefficient/unusable. Studies show that overly saline soil can severely
interfere with growing crops by limiting nitrogen uptake, reducing growth, and even
stopping plant reproduction. The most common/effective method for measuring soil
salinity is testing it for electrical conductivity (EC). The electrical conductivity of soil/water
is influenced by the concentration of dissolved salts in the sample. Higher electrical
conductivity implies high salinity.

Soil and dryland salinity are significant consequences of human activities such as
land clearing and deforestation. They currently pose a potential threat to over 6 million
hectares of agricultural land. Over the past decade, they have resulted in over $500 million
in lost agricultural productivity annually. Soil and dryland salinity are both expected to
grow at an uncontrollable rate and are expected to cost the Australian economy billions of
dollars in lost agricultural productivity in the future, significantly harming its GDP and
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economy. This research proposal explores the potential economic impact of soil and
dryland salinity in Australia and explores efficient and cost-effective solutions for Australian
farmers and the government.

Our first recommendation is to increase the use of drip irrigation, an irrigation
technique that dilutes salt from the roots of plants, decreasing salinity. Next, we
recommend farmers grow more salt-tolerant crops, such as cotton and barley, in order to
combat salinity further. We advise the Australian government to utilize a technique known
as reverse osmosis, which filters salt and other contaminants from water. Finally, we
explore the idea of genetically modified crops, a novel technique that allows crops to
sustain much higher salinity levels and be grown on much poorer soil.

4. Data Methodology
To create our mathematical and predictive models, we utilized a global salinity

database published by PANGAEA⁵ to analyze groundwater and surface water salinity levels.
This allowed us to use historical salinity values to predict future salinity trends in
freshwater sources across Australia. Our data includes information from over 5.1 million
samples taken from over 1,300 weather stations across Australia. The dataset spans a total of
4 decades, allowing us to analyze historical trends and patterns on a more detailed scale. We
also utilized data taken from weather stations across the globe, which allowed us to
compare Australia's salinity samples with real-time, detailed data from various locations
across the globe. This data is reliable and verified and was published by researchers under
PANGEA5, the Earth and environmental science database.

The following table shows the average distribution of EC values across Australia over
the past four decades:

EC Range Percentage of Australia

Less than 200 (mS/cm) 26.01%

Between 200 and 1600
(mS/cm)

47.38%

Greater than 1600 (mS/cm) 26.61%

Table 1: EC Distribution across Australia between 1980-2019.

The salinity values come in the form of EC or electrical conductivity. Electrical
conductivity is a measure of how much salt is in the soil and is measured in milliSiemens
per linear centimeter.

Salinity:

First, the locations of each of the stations found in the dataset must be determined:
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Figure 3: A heatmap of salinity values around Australia
In the visualization above, darker red values denote higher EC values. A particular

aspect of this dataset that should be mentioned is that this dataset lacks EC values from the
desert regions of Australia due to the fact that there are very few EC stations located in
those regions. However, any data collected from these regions will not significantly impact
our analysis, as there are smaller populations in desert regions and very little agriculture or
crop production.

Now that the locations of each station have been established, the data can be
analyzed. However, in order to do this effectively, we must first denoise it.
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Figure 4: Initial data plot

The graph above is an example taken from one of our stations. The example
represents the salinity measurements of a single weather station over a roughly 2-year
period. After analyzing the graph, it can be clearly established that the data follows a
wavelike pattern but also contains a large amount of statistical noise. In an effort to
counteract this, we smoothed the data using a convolution with a squared function.

After the application of the function, the periodic nature of the data became
even clearer. Below is the smoothed version of the data depicted in Figure 4.
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Figure 5: Denoised/Smoothed data plot

The example above represents a few of the different techniques we used to
clean our data and ensure it can be used efficiently.

Features:

In order to conduct our research, we also used datasets for temperature, humidity,
and rainfall published by the Australian Bureau of Meteorology. This data is from a reliable
source and is considered to be trustworthy. Through our research, we established that
humidity, temperature, and rainfall are the 3 features that influence salinity values. The
data for each of these features is represented below.

Figure 6: Provided data (prior to normalization)

When analyzing data for temperature and humidity, the periodic nature of the data
became very clear. However, to model this data correctly, we need to first normalize the
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values. To normalize the data, we simply subtract the average value of the dataset. Doing
this makes the modeling aspect significantly easier.

Figure 7: Normalized data

However, in order to effectively use this data, we must continue to clean/optimize this. In
order to use Fourier techniques on this data, our data must have much less noise. To do
this, we used a convolution with the squared function.

Figure 8: Denoised data

After conducting this process, the resulting data ended up with clean, normalized,
denoised data and could then be used for analysis.

Given the similar natures of both the temperature and humidity data, we used the
same process listed above for the humidity data. However, the method above could not be
used for the rainfall data, given that the nature of the data provided was fundamentally
different.

5. Mathematical Methodology
To analyze temperature and humidity, we decided to use Fourier analysis. Fourier

analysis is a group of techniques that involves decomposing a function, or data, into
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trigonometric functions. This is very useful for periodic data, such as our temperature and
humidity data.

Fast Fourier Transform (FFT) is a method that converts a signal into its constituent
frequencies. This is particularly useful for signal processing and sound waves.

Figure 9: The decomposition of a periodic function into its respective frequencies.

FFT finds the Discrete Fourier Transform but reduces the time complexity from

to . This is a huge speed-up for large datasets. After running FFT, we𝑂(𝑁2) 𝑂(𝑁 𝑙𝑜𝑔 𝑁)
obtained spikes at the frequency of 0. This was initially perplexing until we realized that
the data had a DC component to it. This DC component meant that the data was not fully
periodic and had a linear component to it.

We used a very similar method to FFT but instead used a Fourier-Transform-based
method which involved tuning the shift and scale parameters of a sine function using
Gradient Descent. We compensated for the DC component by adding a linear element to
our function. This resulted in highly accurate models for both temperature and humidity.
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Figure 10: The temperature model

Figure 11: The humidity model

For rainfall, we decided to utilize a Long Short-Term Memory Recurrent Neural
Network( LSTM RNN). RNNs are specialized forms of neural networks that are designed to
work on sequential data, which is perfect for our situation due to our data being based on
time. LSTM networks are ideal for predicting data, which means our model will stay



13

relatively accurate for long periods of time, allowing us to predict much farther into the
future.

Figure 12: Diagram depicting structure of RNN/LSTM Units
Our model has reasonable predictions that closely correlate with the patterns we can

observe in the given data.

Figure 13: Average Daily Rainfall in Albury

To tie all of these together and build a coherent model for salinity, we used a
Random Forest model. This model constructs decision trees and takes the mean prediction
of the individual trees.

Figure 14: Random Forest Model
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We used our previous salinity dataset and past temperature, humidity, and rainfall
data to train our model to take these inputs of temperature, humidity, and rainfall and give
us an output of salinity.

This output of salinity based on temperature, humidity, and rainfall shows a general
increasing trend. Through our model, we found that salinity is directly proportional to
temperature and inversely proportional to humidity and rainfall.

Figure 15: A salinity model

6. Risk Analysis
Salinity harms crop production and the environment, and by doing this, it plagues

Australia and countries dependent on Australia’s agricultural exports. Agriculture accounts
for 55% of Australian land use, accounting for more than 427 million hectares. This depicts
Australia’s dependence on agricultural products as exports and how important farmers and
their livelihoods are.

By 2024, 77% of the arable land in Australia will be considered saline. 26% of the total
arable land will be considered overly saline/unusable. Using our Random Forest model, we
predicted Australia’s top 3 saline regions in 2024 and their EC values in the chart below:

Region EC Value (mS/cm)

Mount Thorley, New South Wales 216,162

North Moulyinning, Western Australia 120,992

The Coorong National Park, South Australia 110,721

Table 2: Predicted top 3 saline regions in 2024 and their EC Values
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After analyzing predicted values for temperature, humidity, and rainfall, we predict
the greatest observable increase in salinity will occur during Australia’s summer months,
between December and February.

Temperature:
After comparing predicted values for temperature with predicted EC values, we

observed a directly proportional relationship. Any increase in temperature correlated to an
increase in salinity, and any decrease in temperature also correlated with a decrease in
salinity. This coincides with the historical effect that temperature has had on salinity.
(Increased temperature leads to increased aridity, and eventually increased salinity).

Rainfall/Humidity:
After comparing predicted values for humidity and rainfall with predicted EC

values, we observed an inversely proportional relationship. Any increase in rainfall or
humidity correlated to a decrease in salinity. Any decrease in rainfall or humidity
correlated to an increase in salinity.

General Risks:
While the following risks are difficult to quantify, general salinity trends suggest that

these risks will have a significant impact on Australia and its economy. Increased soil
salinity will lead to a number of different and diversified impacts. The potential
consequences of decreased agricultural productivity include the loss of jobs in the
agricultural industry, severe damage to the economies of other countries dependent on
Australian exports, and the destabilization of global trade.

Soil salinity will lead to a significant reduction in biodiversity, and only organisms
capable of thriving in saline environments will be able to survive. Decreased soil cover will
lead to erosion and other detrimental natural processes. Soil salinity will also potentially
corrode/impact infrastructure, raising maintenance and labor costs. Infrastructure
corrosion is a particularly unique threat, given the importance of water transportation
infrastructure in regions such as Southwestern Western Australia.

7. Recommendations

7.1 Increased drip irrigation

Based on previous research studies, groundwater collection systems have been
proven to be an effective way of combating dryland salinity through increased irrigation
and water cycling. Studies show that when water is used up through transpiration and
evaporation, soil water salinity increases as the salts in the remaining water become more
concentrated. This process, known as evapotranspiration, can increase salinity by
increasing the concentration of accumulated salt. Drip irrigation works by placing tubing
with emitters that directly access the root zone of crops (the root zone is where the
majority of the roots of crops are located). These emitters drip water into the root zone
slowly, allowing salts to be effectively “leached” or diluted from the root zone of plants. By
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setting up drip irrigation systems and increasing the amount of water crops receive, the
concentration of salt can be diluted, decreasing the salinity.

Australian farmers currently use a variety of different irrigation systems to irrigate
their crops, with the 3 most popular methods being: furrow, sprinkler, and drip irrigation.
However, despite the significant benefits associated with drip irrigation, less than 15% of
Australian farmers rely on it as their primary irrigation method.

Drip irrigation systems are significantly more efficient than other irrigation systems,
most notably for their reduced water usage. The following table shows the water efficiency
of the three irrigation methods:

Irrigation Type Water efficiency

Drip 75 - 90% efficiency

Sprinkler 60 - 75% efficiency

Furrow 60% efficiency

Table 3: The 3 main irrigation types and their water efficiencies

Drip irrigation is by far the most efficient/effective irrigation method, with the
average drip irrigation system operating at 90% water efficiency (water efficiency refers to
the amount of distributed water that ends up being used by the crops). Sprinkler and
furrow irrigation systems are significantly less efficient, meaning that they require more
water to function properly.13

Figure 16: Visuals of the 3 main irrigation systems: sprinkler, furrow, and drip irrigation.

However, despite the benefits that are associated with drip irrigation, there is a
potential risk associated as well. Drip irrigation systems can cost between $2.00-$3.50 per
square foot of farmland. This is higher than the costs associated with furrow and sprinkler
systems ($1.50-$2.00 and $0.50-$1.00, respectively). Despite this, however, as mentioned
before, drip irrigation systems are significantly more efficient and require less amounts of
water than their traditional counterparts. While they are associated with higher
implementation costs, the amount of water they save compensates for their initial costs. In
the long term, drip irrigation systems will not only offset their initial costs but will also
significantly decrease the amount of water used to irrigate crops in Australia. Given that
Australia is the driest habitable continent, and water scarcity is a massive issue, it is clear
that there is a significant need for this solution.
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Our recommendation is for Australian farmers and the government to increase the
adoption of drip irrigation systems in farmland, allowing them to make irrigation more
sustainable and combat dryland salinity as well.

7.2 Growing more salt-tolerant crops

As mentioned before, the salinity of soil can be determined through several
methods. The most common/effective method is testing the soil for electrical conductivity
(EC).

The following applies to most plant/crop species:

0-200 mS/cm The optimal range for plant growth (may slightly differ between species
based on fertilizer requirements and different stages of growth).

200 - 400 mS/cm Maximum range most plants can survive in without having key biochemical
processes severely interrupted (slightly saline environment).

400 - 1600
mS/cm

Most biochemical processes within plants are interrupted, limited or
inefficient growth (very saline environment).

> 1600 mS/cm Very few plants can survive without key biochemical processes being
severely inhibited (Extremely saline environment).

Table 4: EC values and their effect on plants

Previous research/studies have shown that different plants have different salinity
thresholds and interact in saline environments differently.

High salinity causes severe stress for most plants and interrupts key biochemical
processes necessary to function and grow. Excess Na+ and Cl- ions cause membrane
hyperpolarization and interfere with metabolic pathways, such as enzyme activities and
protein biosynthesis. High concentrations of Na molecules also result in the decreased
efficacy of water intake from the roots of plants. Most plants can be classified into two
groups: glycophytes and halophytes. Glycophytes are plant species that are not considered
resistant to saline soil. Halophytes are species resistant to saline soil and capable of
functioning in environments where salinity is at an extreme.

According to research collected, certain salt-tolerant cereal crops such as barley, rye,
and cotton can be planted to utilize the soil efficiently. Studies have shown that these crops
can comfortably function and grow in regions where EC is between 200 and 400 mS/cm. If
farmers were to shift cultivation strategies and start farming more cereal crops, the
resulting economic impact would be substantial, significantly decreasing Australia’s reliance
on salt-sensitive crops.

Historically, cotton has comprised less than 2% of Australia’s total agricultural
output, meaning that few farmers prioritize cotton. However, over the past decade,
worldwide demand for cotton has been increasing steadily, and the crop has proven to be a
valuable resource to many countries. Industrializing countries such as India and Brazil have
relied on cotton as a significant part of their export business and have experienced great
economic cotton and growth in doing so. The following table displays a cost analysis of
producing barley in Australia:
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Cotton:

Average production cost per bale $330

Average value per bale $542

Average profit per bale $212

Average number of bales requires to cover
total expenses per farm

8 bales

Average operating cost $3,896

Table 5: Cost information on cotton in Australia

Cotton is also a desert plant, meaning it is water efficient and
thrives in dry regions, similar to Australia’s dry and arid climate.
Focusing efforts to produce more cotton in Australia could provide
great economic value to Australian farmers and reduce reliance on
other salt-sensitive crops.

Other crops, like barley and rye, also share many of the same
benefits/characteristics as cotton. Barley, rye, and sorghum are all
coarse grains, meaning they require the same tools/infrastructure to
farm as wheat. Most cereal crops follow a similar pattern:
mechanical combines farm the crops, and the edible product is
transported and stored in a grain elevator. Wheat currently makes
up a significant portion of Australia’s agricultural produce. It would
require very little resources/effort to shift cultivation strategies to
focus on farming salt-tolerant coarse grains. Australia’s climate is
optimal for growing crops such as barley and rye, and demand for
these crops will continue to rise. Shifting Australia’s export business
from relying on crops such as wheat and coarse grains to including
more salt-tolerant crops will be beneficial both economically and
socially.

Growing such cereal crops can also have another potential
benefit. Over 50% of Australia’s arable land is used to raise cattle and
grow crops to sustain cattle. This means that only a small portion of
land (6%) is used to grow crops meant to be exported/consumed.
Currently, most of Australia’s cattle are fed a variety of different
feeds, all containing grass, wheat, and a small portion of grains.
Based on studies/research, cereal crops have proven to be an
effective source of cattle feed. Cereal crops like barley and sorghum
are salt tolerant and capable of withstanding overly saline soil for
extended periods of time. Increasing the production/farming of
cereal crops like barley and sorghum provides a valuable
contribution to Australia’s export business and a more effective way
to make cattle feed more sustainable and efficient.
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Cereal crops are a great solution to addressing the salinity issues in Australia.
However, most cereal crops are only efficient in EC values between 200 and 400. In regions
with EC values greater than 400, even the most salt-tolerant crops, like barley and rye,
cannot be grown efficiently. In these regions, a different technique must be employed:
planting perennials. Perennials refer to any plant with a lifespan of over two years and are
unique in that they are capable of lowering the salinity of the soil they are planted in over
time. Studies show that certain deep-rooted perennial plants could be the key to restoring
balance in environments affected by overly saline soil. It has been proven that certain
deep-rooted perennials can grow and use water during the seasons that do not support
annual crop plants. This restores the balance between rainfall and water use, preventing the
water table from rising and salt from being brought to the soil surface. Certain perennials
are essentially capable of growing during periods of time when other crops simply cannot.
By planting more perennial crops, we could theoretically establish a balance between the
natural water cycle. This would help prevent the water table from rising, which would
prevent soil from becoming overly saline. While perennials have proven to be an effective
way to combat overly saline soil, they must be planted in a very systematic/organized
manner. Our multi-stage involves intercropping perennials with other crops, allowing them
to combat overly saline soil without inhibiting food/economic production. Intercropping
essentially refers to the practice of growing more than one crop within a certain proximity
(essentially growing two crops “together”). Based on our research, artichokes, asparagus,
cardoons, and horseradish are all perennial species ideal for this scenario and could be of
economic value. (They all develop huge root systems as they grow and are possible exports
Australia could expand on). Demand for crops such as artichokes and horseradish has
steadily risen over the past several years and could be valuable exports.

7.3 Increasing Humidity

From our models, we found that increases in humidity and rainfall hugely
decreased salinity. Increasing rainfall can be done through new irrigation systems, but this
will be most effective in combination with an increase in humidity. Humidity values being
too low will result in water loss, wilting, stunted growth, and pest infestations without
proper treatment, even with adequate water supply.

However, humidity in outdoor farms is almost impossible to control. A controlled
environment, such as a greenhouse, can prove to maintain humidity at a constant level.
This is done through evaporative devices such as misters, fog units, or sprinklers, which
add water vapor to the air and reduce water loss. This also reduces the amount of water
required for irrigation, decreasing water costs. While these require much more investment
to set up, they can prove to have much higher crop yields due to their controlled
environment. Greenhouses also provide many more benefits, such as a controlled climate,
reduces in pests and animals, and yields all-year long.

Measures can also be taken to increase humidity in outdoor farms. Consistent winds
decrease humidity and carry the water vapor away from plants. Constructing structures to
limit this wind such as fencing or wooden structures can help to increase humidity.
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7.4 Reverse Osmosis

Reverse osmosis is a particular water treatment technique used to filter
contaminants from water. Water treatment systems using reverse osmosis operate by using
a small filter, also known as a semipermeable membrane. Using a high water differential
(difference in water pressure), water is passed through the membrane, forcing salts and
other contaminants to accumulate separately. The resulting products are clean,
decontaminated water and a small portion of water containing the contaminants (referred
to as brine).

Figure 17: A graphic of how reverse osmosis works

Reverse osmosis is a popular/widely used water treatment technique, often due to its
efficiency/ability to produce clean, high-quality water. While reverse osmosis is known for
being efficient/effective, it is also known for requiring significant amounts of energy to
operate. In the past, studies have shown that reverse osmosis does require more energy to
operate and maintain compared to other traditional water treatment methods. However,
what these systems lose in energy efficiency, they make up for through their effectiveness,
longevity, and water efficiency.

Reverse osmosis treatment plants have been in use in Australia for decades. Over the
last few decades, Australia has constructed more than 270 water treatment/reclamation
facilities across the continent in an effort to help offset the issues caused by its particularly
dry climate. In the past, most of these facilities have been directed towards desalinating
seawater (to compensate for water scarcity). Australia is the driest habitable continent,

One of the biggest issues associated with salinity is the issue of saline groundwater.
Saline groundwater is commonly associated with dryland salinity and can have a negative
impact on both crop production and the environment. Our recommendation is for the
Australian government to redirect existing salinization plants to purify deep groundwater
(200 - 300 ft) in order to effectively use saline water and prevent it from negatively
impacting the environment. Given that Australia’s water infrastructure is already well
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developed, the government would require minimal resources to shift the focus toward
purifying groundwater. Implementing reverse osmosis water treatment plants in regions at
high risk for salinity (as modeled above) and redirecting existing facilities to purify
groundwater could significantly impact the issue of dryland salinity in Australia.

7.5 Genetically Engineered Salt-Tolerant Crops

High salinity causes severe stress for plants. Excess Na+ and Cl- ions cause
membrane hyperpolarization and interfere with many metabolic pathways, such as
enzyme activities and protein biosynthesis. High concentrations of Na+ in soil cause poor
water uptake in the root systems of plants. In order to tolerate high salinity, plants should
be able to use ions for osmotic adjustment and to accumulate these ions in the vacuole to
keep sodium away from the cytosol. This has a basis in plants such as the Arabidopsis plant,
which is generally considered a weed.

Halophytes are other plants that can survive soils with high salinity with two
strategies: salt tolerance and salt avoidance. Salt tolerance is achieved with three
mechanisms: reduction of the Na+ influx, compartmentalization, and excretion of sodium
ions, while salt avoidance is achieved through secretion, shedding, and succulence.
Secretion and shedding avoid salt toxicity by releasing excess salts.

Glycophytes, on the other hand, are generally sensitive to high salinity levels. Beans
and rice crops fall under this category. It has been proven that glycophytes can be enhanced
with specific halophyte genes. Enhanced salt tolerance genes were proven to be
transportable from a relative of the Arabidopsis plant, which retains its halophytic
properties, Lepidium crassifolium, to A. thaliana through random testing (Rigó et al., 2016).
A promoter is a DNA region where a gene's transcription is initialized. It controls or directs
the binding of RNA polymerase (an enzyme responsible for converting DNA sequences
into RNA sequences) with DNA. Using a non-specific 35SCaMV promoter, we can
overexpress halophytic genes that enhance salt tolerance (Table 1). These genes play several
vital roles, including encoding for Na+/H+ antiporters, vacuolar pyrophosphatase,
potassium transporters, ion channels, antioxidants, ROS scavengers, and proteins involved
in protective functions and signal transduction (Udawat et al., 2014, 2017; Singh et al., 2016).
While testing is slow due to a fundamental lack of knowledge, genes are being found which
provide promising results when applied to recipient plants (Table 1).

https://www.frontiersin.org/articles/10.3389/fpls.2017.00829/full#B110
https://www.frontiersin.org/articles/10.3389/fpls.2017.00829/full#B108
https://www.frontiersin.org/articles/10.3389/fpls.2017.00829/full#B97
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Table 6: Abiotic stress-responsive genes of halophytic origin reported to enhance salt tolerance in glycophytic
hosts.

Clearly, overexpression of these genes has extremely high potential. Even with the
limited genes that have been found, recipient plants include cultivated tobacco, alfalfa,
tomato, rice, castor bean, cumin, peanuts, maize/corn, and cotton. A total of 152,367 unique
transcript sequences and 15,158 genes involved in salinity and submergence tolerance have
been identified to unravel key metabolic pathways (Garg et al., 2014).
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The glycophytic NHX gene from A. thaliana was explored for salt tolerance
in many crops, including tomato, brassica, maize, wheat, and more. Transgenic plants
overexpressing the AgNHX1 (A. gmelini) gene show tolerance up to 300–400 mM NaCl
(Ohta et al., 2002) in Oryza sativa, the most common farmed rice. This is up to 2.34% salt
concentration. For comparison, normal rice can only grow in up to 0.3% salt concentration.
And, even though advancements are being made, such as “seawater rice,” this has only
managed to raise the limit to 0.6% salt concentration.

There is a huge potential for genetically modified crops to dominate in Australia’s
saline environment. Even with the limited knowledge available, researchers have already
tested potential genetic modifications, and it is reasonable to suspect that even larger
genetic modifications may be possible. The Australian government should allocate a
significant portion of its resources and funds to research this potential solution. Genetically
modified salt-tolerant crops could not only help limit the economic impact of salinity but
can also impact farmers and producers on a smaller/personal scale. Over 5,000 agricultural
producers in Western Australia alone rely on crop production and farming to earn a living.
Soil and dryland salinity impact farmers’ ability to produce food for themselves and people
across the world. Genetically modified crops capable of not just surviving but thriving in
saline environments could change the agricultural industry forever.
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