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Part III Opportunities for
water resource
development
Chapters 4 and 5 provide information on opportunities for agriculture and aquaculture in the
Darwin catchments. This information covers:
• opportunities for irrigated agriculture and aquaculture (Chapter 4)
• opportunities to extract and/or store water for use (Chapter 5).
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4

Opportunities for agriculture and aquaculture

Authors: Andrew Ash, Simon Irvin, Seonaid Philip, Perry Poulton, Ian Watson and Tony Webster
Chapter 4 presents information about the opportunities for irrigated agriculture and
aquaculture in the Darwin catchments, describing:
• land suitability for a range of crop × season × irrigation type combinations and for aquaculture,
including key soil-related management considerations
• cropping and other agricultural opportunities, including crop yields and water use
• gross margins at the farm scale
• the prospects for integration of forages and crops into existing beef enterprises
• aquaculture opportunities.
The key components and concepts of Chapter 4 are shown in Figure 4-1.

Figure 4-1 Schematic diagram of agriculture and aquaculture enterprises as well as crop and/or forage integration
with existing beef enterprises to be considered in the establishment of a greenfield irrigation development
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4.1

Summary

This chapter provides information on land suitability and the potential for agriculture and
aquaculture in the Darwin catchments. The approach used to generate the results presented in
this chapter involves a mixture of field surveys and desktop analysis. For example, the land
suitability results draw on extensive field visits to describe, collect and analyse soils that are
integrated with state of the art digital soil mapping. Many of the results are expressed in terms of
potential. For example, the area of land suitable for cropping or aquaculture is estimated by
considering the set of relevant soil and landscape biophysical attributes at each location and
determining the most limiting attribute among them. It does not include water availability, cyclone
or flood risk, legislative, regulatory, ecological, social or economic drivers that will inevitably
constrain the actual area of land that is developed. Crops, forages and cropping systems results
are based on data analysis and simulation models and assume good agronomic practices
producing optimum yields given the soil and climate attributes in the catchment. Likewise,
aquaculture is assessed in terms of potential using a combination of land suitability and productive
capacity of a range of aquaculture species. Information is presented in a manner to enable the
comparison of a variety of agriculture and aquaculture options.
The results from individual components (land suitability, agriculture, aquaculture) are integrated
to provide a sense of what is potentially viable in the catchment. This includes providing economic
analyses such as gross margins (crops); how with the advantage of irrigation more intensive
rotational cropping systems might be feasible; specific information on a wide range of crop types
for agronomy, water use and land suitability for different irrigation types; and integrating
agriculture and aquaculture to provide value-add within the catchment.

4.1.1

KEY FINDINGS

Land suitability
A major question for any agricultural resource assessment is how much soil is suitable for a
particular land use and the location of that soil. Based on a sample of 14 crop × season of use ×
irrigation type combinations, the amount of land classified as ‘moderately suitable with
considerable limitations’, or better, ranges from less than 100,000 ha to 1 million ha before
constraints such as water availability, environmental and other legislation and regulations, and a
range of biophysical risks are considered. There are more than 200,000 ha of land classed as
‘suitable with minor limitations’ for Rhodes grass under spray irrigation and fewer than 50,000 ha
for some other crops under spray or trickle irrigation.
Dryland cropping
Analysis of cropping opportunities indicates some potential for dryland cropping. Moderate yields
of grain sorghum, mungbean, maize and peanut can be achieved in most years given the relatively
reliable wet-season rainfall. This translates into gross margins that are for the most part positive
but only modestly so. However, these results are predicated on being able to access the country in
January and on being able to sow at the climatically optimum time. In many years the soils would
not be trafficable in January or February, especially the heavy clay Vertosols, so realising viable
crop yields would be challenging. Delaying sowing until March, after the main part of the wet
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season, would dramatically reduce crop yields because there would not be enough stored soil
water to grow a crop to a successful harvest. It is not feasible to grow most horticultural crops
solely on rainfall, although some short-season crops such as snake bean can be successfully grown
during the wet season.
Irrigated cropping
Irrigation provides the opportunity to achieve high yields of broadacre crops, with year to year
variation in yield greatly reduced compared with dryland cropping. Water required by crops varies
enormously depending on crop type and season of growth; a rice crop planted at the start of the
wet season and reliant only on supplementary irrigation in the final stages of growth can use as
little as 1 ML/ha, while a rice crop grown during the dry season requires around 8 ML/ha.
Broadacre crops that are planted towards the end of the wet season generally require less than
4 ML/ha because they can utilise the rainfall at the end of the wet season and stored soil water.
Horticultural crops similarly vary widely in their crop water requirements, with snake beans grown
almost completely during the wet season requiring almost no additional water. In contrast
bananas, which are grown year-round, can require over 9 ML/ha.
The high costs of irrigation, fertiliser and transport means that gross margins for broadacre crops,
while positive, may not be sufficient to provide net returns capable of meeting the investment
returns required to service the high capital costs of development. Exceptions to this might be dryseason rice or a grass forage hay, which appear to be capable of producing higher gross margins.
The gross margin analyses for broadacre crops assumed products had to be transported to
southern markets, which can represent more than 40% of the gross value of production and
greatly reduce net returns.
Compared with broadacre crops, gross margins of horticultural crops are generally much higher.
Asian vegetables in particular could produce very high gross margins, assuming family labour is
used. If labour costs associated with planting, maintenance and harvesting are included then gross
margins can be negative. Gross margins for the more established crops such as mangoes and
melons are consistent with other regions in Australia. The higher returns for horticulture are to be
expected because areas used for horticulture are considerably smaller than for broadacre
cropping and the costs of development are usually much higher. Further, risk tends to be higher
with horticulture because returns are highly sensitive to prices received. Prices are volatile on
short timescales for most horticultural crops because of the relatively small size of the Australian
domestic market. Additional risks in horticulture include extreme events (cyclones, disease
outbreaks) which can cause a loss of the entire crop.
It may be possible to utilise rotational cropping systems, where more than one crop is grown in a
year, in the Darwin catchments to try to generate higher net returns per year. Given that irrigated
broadacre cropping is still not widely practised in the NT, there has been relatively little
experience in implementing rotational cropping systems. The analysis of cropping systems shows
that, for example, a rotation system of wet-season soybean followed by dry-season rice may be
capable of producing yields similar to individually grown crops and consequently the gross margin
for this rotation increased annual returns. However, the management skills required to
successfully implement intensive cropping rotations in tropical environments should not be
underestimated.
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Aquaculture
There are considerable opportunities for aquaculture development in northern Australia based on
the natural advantages that northern Australia possesses in terms of political stability, proximity to
large global markets, and a climate suited to farming of valuable tropical species, and through the
large areas identified by the Assessment as suitable for aquaculture in the Darwin catchments.
While challenges to the development and operation of aquaculture enterprises do present in
terms of regulatory barriers, global cost competitiveness, and the remoteness of much of the
available land area, the potential to exploit the natural advantages of northern Australia and
develop modern and sustainable aquaculture industries appears a compelling opportunity.
Candidate species include black tiger prawns, barramundi and red claw. Black tiger prawns require
marine water, red claw are a freshwater species and barramundi can be farmed in water ranging
from fresh to marine. Marine water temperatures and salinity are suitable for a range of tropical
aquaculture species. Pond water temperatures are optimal for most tropical aquaculture species
between September and April.
A land suitability analysis was applied to marine ponds, earthen and lined, and to freshwater
ponds, earthen and lined. For those species requiring marine water, distance to a marine water
source is a key limitation and limits the area of available land to coastal areas. Areas of shallow
rocky soils, landscapes where slopes exceed 5% and those areas with high acid sulfate soil
potential are generally precluded from aquaculture development. Earthen ponds are restricted to
areas of deeper clay (>0.5 m depth) and heavier loam soils where soil compaction and stability
properties are suitable for pond construction. Areas with moderate to rapid soil permeability, such
as deep sands, are not suitable because loss of pond water and potential contamination of
groundwater are major constraints.
There are opportunities for integrating aquaculture production with agriculture but these are not
widely practised in northern Australia. Emerging technologies and more locally based feed mills
may provide opportunities for agricultural products to be used in manufacturing aquaculture
feedstuffs.

4.1.2

INTRODUCTION

This chapter seeks to address these questions for the Fitzroy catchment: ‘How much land is
suitable for cropping and in which suitability class?’, ‘Is dryland and/or irrigated cropping
economically viable?’, ‘Can crops and forages be economically integrated with beef enterprises?’
and ‘What aquaculture production systems might be possible?’.
The chapter is structured as follows:
• Section 4.2 briefly discusses the history of irrigated agriculture development in the catchment
and its challenges, existing cropping, recent initiatives and the approach taken in the
Assessment to assess derived yields.
• Section 4.3 describes how the land suitability classes are derived from the attributes provided in
Chapter 2, with results given for a set of 14 combinations of crop × season × irrigation type.
Versatile agricultural land is described and a qualitative evaluation of cropping provided for a set
of specific locations within the catchment.
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• Section 4.4 provides detailed information on crop and forage opportunities, including dryland
and irrigated yields, gross margins and water use. A cropping calendar is provided and
information given about the impact of sowing time on production. Four rotational cropping
systems are modelled in which two crops per year are planted, as a means of increasing returns
in an attempt to meet capital development costs.
• Section 4.5 provides synopses for 11 crop and forage groups, including a focus on specific
example species.
• Section 4.6 discusses the candidate species and likely production systems for aquaculture
enterprises, including the prospects for integrating aquaculture with agriculture.

4.2

The opportunity for more intensive agriculture in the Darwin
catchments

4.2.1

INTRODUCTION

Aspirations to expand agricultural development in the Darwin catchments are not new and across
northern Australia there have been a number of initiatives to put in place large-scale agricultural
developments since World War II. Ash (2014) assessed 13 such agricultural developments, which
included both irrigated and dryland developments, to determine factors that affected success and
failure.
Key points to emerge from this analysis include the following:
• The natural environment (climate, soils, pests and diseases) makes agriculture in northern
Australia challenging, but these inherent environmental factors are not generally the primary
reason for a lack of success.
• Management, planning and finances are the most important factors in determining the ongoing
viability of agricultural developments.
• Unrealistic expectations of achieving a reasonable return on investment in the first few years
brought a number of developments to a premature end. Two factors are key in contributing to
the overestimated returns: overly optimistic expectations of the ability to scale up rapidly in
area of land developed, and not coming to grips with the operating environment and being able
to take time to build experience at smaller scales.
• Supply chains and markets were also important factors in determining the success of
developments. For broadacre commodities that require processing facilities, these facilities need
to be within a reasonable distance of production sites and at a scale to make them viable in the
long term. In more remote regions, higher value products such as fruit, vegetables and niche
crops proved more successful, although high supply chain costs to both domestic and export
markets remain as impediments to expansion.
The analysis of Ash (2014) shows that for developments to be successful, all factors relating to
climate, soils, agronomy, pests, farm operations, management, planning, supply chains and
markets need to be thought through in a comprehensive systems design. Particular attention
needs to be paid to scaling up at a considered pace and being prepared for reasonable lags before
positive returns on investment are achieved.
168 | Water resource assessment for the Darwin catchments

4.2.2

QUANTIFYING OPPORTUNITIES FOR FURTHER AGRICULTURAL DEVELOPMENT
IN THE DARWIN CATCHMENTS

The Darwin catchments offer a challenging environment for the development of irrigated
agriculture. A brief overview is provided in Chapter 2, with detailed data and analyses available in
the companion technical reports on climate (Charles et al., 2016), digital soil mapping (Thomas
et al., 2018a), land suitability (Thomas et al., 2018b), river model calibration (Hughes et al., 2018),
flood mapping and modelling (Karim et al., 2018) and hydrogeological characterisation (Turnadge
et al., 2018).
Existing cropping activities in the Darwin catchments provide good insights into crop growing
seasons, agronomic management, yields, and pests and diseases, particularly for fruit crops and
Asian vegetables. Potential new areas for cropping are likely to be further south and to the west in
the Darwin catchments, on different soils and with a different local climate. Assessing potential
crop suitability and production aspects in these new areas can draw on knowledge from existing
crop production, complemented by using crop and forage models, which have the capability to
predict yields of broadacre crops and forages using local soils, climate and management.
In the Assessment, crop and forage models are used to predict broadacre crop and forage yields,
as described in the companion technical report on agricultural viability (Ash et al., 2018a). It is
important to note that the analysis used in the Assessment estimates potential rather than actual
yields. Potential yields are often, but not always, higher than actual yields. It is important to
recognise that actual yields are highly dependent on a range of factors associated with
management, which means that achieving potential yields can be challenging. For horticulture
crops, yield estimates are based on available production data, sourced from production areas in
neighbouring regions or from literature sources.
Cropping assessments are provided for two climate locations (Adelaide River and Wildman area)
within the Darwin catchments. These locations are shown in Figure 1-3.

4.3

Land suitability assessment

4.3.1

INTRODUCTION

A major question for any agricultural resource assessment is how much soil is suitable for a
particular land use and the location of that soil. The overall suitability for a particular land use is
determined by a number of attributes. These include climate at a given location, slope, drainage,
permeability, plant available water capacity, pH, soil depth, surface condition and texture as well
as a number of other attributes. Some of these attributes are provided in Section 2.3. From these
attributes a set of limitations are derived, which are then considered against each potential land
use.
Note that the use of the term suitability in the Assessment refers to the potential of the land for a
specific land use such as furrow irrigated cotton, while the term capability (not used in the
Assessment) refers to the potential of the land for broadly defined land uses, such as cropping or
pastoral (DSITI and DNRM, 2015).
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4.3.2

LAND SUITABILITY CLASSES

The overall suitability for a particular land use is calculated by considering the set of relevant
attributes at each location and determining the most limiting attribute among them. This most
limiting attribute then determines the overall land suitability classification. The classification is on
a scale of 1 to 5 from ‘Suitable with negligible limitations’ (Class 1) to ‘Unsuitable with extreme
limitations’ (Class 5) as shown in Table 4-1. The companion technical report on land suitability
(Thomas et al., 2018b) provides a complete description of the land suitability assessment method
and the material presented below is taken from that report. Note that for the land suitability maps
and figures presented in this section there is no consideration of flooding, risk of secondary
salinisation or availability of water as discussed by Thomas et al. (2018b). Consideration of these
risks and others, along with further detailed soil physical, chemical and nutrient analyses would be
required to plan development at scheme, enterprise or property scale. Caution should therefore
be employed when using these data and maps at fine scales.
Table 4-1 Land suitability classification used in the Assessment
CLASS

SUITABILITY

LIMITATIONS

DESCRIPTION

1

Highly suitable
land

Negligible

Highly productive land requiring only simple management practices to maintain
economic production.

2

Suitable land

Minor

Land with limitations that either constrain production or require more than the
simple management practices of Class 1 land to maintain economic production and
minimise land degradation.

3

Moderately
suitable land

Considerable

Land with limitations that either further constrain production or require more than
those management practices of Class 2 land to maintain economic production and
minimise land degradation.

4

Currently
unsuitable
land

Severe

Currently considered unsuitable land due to severe limitations that preclude
successful sustained use of the land for the specified land use. In some
circumstances, the limitations may be surmountable with changes to knowledge,
economics or technology.

5

Unsuitable
land

Extreme

The limitations are so extreme that the specified land use is precluded. The benefits
would not justify the inputs required to maintain production and prevent land
degradation in the long term.

4.3.3

LAND SUITABILITY FOR CROPS, VERSATILE AGRICULTURAL LAND AND
EVALUATION OF SPECIFIC AREAS

Land suitability has been determined for 126 combinations of crop × season × irrigation type
within the Assessment (Thomas et al., 2018b). A sample of 14 of these land use combinations is
shown in Figure 4-2. Depending on land use, the amount of land classified as Class 3 or better for
these sample land uses ranges from less than 100,000 ha (furrow irrigation) to closer to
1 million ha (spray or trickle irrigation). Almost all of this land is rated as Class 3, and so has
considerable limitations, although there is more than 200,000 ha of Class 2 land available for
Rhodes grass under spray irrigation and fewer than 50,000 ha of Class 2 for some other crops
under spray or trickle irrigation.
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2,000,000
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0

Class 5 - Unsuitable land with extreme limitations

Class 4 - Currently unsuitable land with severe limitations

Class 3 - Moderately suitable land with considerable limitations

Class 2 - Suitable land with minor limitations

Class 1 - Highly suitable land with negligible limitations

Figure 4-2 Area (ha) associated with each land suitability class in the Darwin catchments for 14 potential crop land
uses
A description of the five classes is provided in Table 4-1.

In order to provide an aggregated summary of the land suitability products, an index of
agricultural versatility was derived for the Darwin catchments (Figure 4-3). Versatile agricultural
land was calculated by identifying where the highest number of the 14 selected land use options
presented in Figure 4-2 were mapped as being suitable (i.e. suitability classes 1 to 3).
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Figure 4-3 Agricultural versatility index map for the Darwin catchments
High index values denote land that is likely to be suitable for more of the 14 selected land use options. The map also
shows areas of interest from a land suitability perspective, discussed in the table below. Note that this map does not
take into consideration flooding, risk of secondary salinisation or availability of water.

Qualitative observations on each of the areas mapped as ‘A’ to ‘G’ in Figure 4-3 are provided in
Table 4-2.
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Table 4-2 Qualitative land evaluation observations for locations in the Darwin catchments shown in Figure 4-3
Further information on each soil generic group (SGG) and a map showing spatial distribution can be found in
Section 2.3.
AREA

LOCATION NAME

COMMENT

A

Darwin elevated
coastal plains

Shallow to deep red loamy soils (SGG 4.1) on elevated plains, low plateaus and undulating rises
developed on remnant Tertiary sediments suitable for a range of spray- or trickle-irrigated
sugarcane, grain crops and horticultural crops. Soils vary greatly in depth and abundance of iron
nodules in the soil profile affecting soil water holding capacity and therefore irrigation
management requirements. Deeper soils with fewer nodules occur on level plains, and shallower
soils with an increase in the number of nodules generally occur on the edge of the plateaus and
rises. Seasonal wetness (SGG 3) also increases on lower slopes, essentially restricting cropping to
the dry season. Crop, irrigation and land management is required on sloping lands to control
water erosion, particularly during the very high rainfall intensity wet season when soil cultivation
and bare loose soil surfaces should be avoided.

B

Reynolds River
catchment

Very deep yellow, brown and red friable loams and loamy soils (SGG 4.1 and 4.2) on level to gently
undulating plains and rises. Soils on level and gentle slopes are moderately suitable for a variety of
grain and horticultural crops. Appropriate crop, irrigation and land management practices are
required on sloping lands to control water erosion, particularly during the very high rainfall
intensity wet season when soil cultivation and bare loose soil surfaces should be avoided.

C

Upper river
alluvium

Some seasonally or permanently wet soils (SGG 3) and cracking clay soils (SGG 9) and soils with
loam over sodic clay subsoils (SGG 8) in the upper alluvial plains, such as the upper Adelaide and
Mary rivers, are moderately suitable for dry-season irrigated cropping, particularly crops tolerant
of wetness such as rice, sugarcane and forage crops. The narrow plains may restrict paddock size
and infrastructure layout. These seasonally wet soils require drainage works and surface levelling
to improve surface and subsoil drainage.

D

Lower slopes of
hills throughout
the catchments

The lower slopes of the hills and gently undulating rises throughout the catchments (particularly
the catchments of the Adelaide and Mary rivers) are dominated by yellow and brown loamy soils
(SGG 4.2) and are moderately suitable for a range of crops. However, the short slopes and large
number of drainage lines may restrict the size of usable areas and infrastructure layout.
Appropriate crop, irrigation and land management practices are also required on sloping lands to
control water erosion, particularly during the very high rainfall intensity wet season when soil
cultivation and bare loose soil surfaces should be avoided.

E

Upper
catchment
plateaus

Deep, permeable, mainly red loamy soils (SGG 4.1) on plateaus in Litchfield National Park and in
the upper catchment east of Pine Creek. Abundant rock outcrop occurs on the edges of the
plateaus. These loamy soils are suitable for irrigated horticulture and a range of spray-irrigated
grain crops.

F

Uplands

Shallow rocky soils (SGG 7) dominate the uplands. Irrigation potential is generally limited to small
areas (<100 ha each) of deeper, gently sloping, well-drained, rock-free soils. The small and/or
narrow areas limit paddock size and irrigation infrastructure layout. Erosion management is
required.

G

Lower river
alluvium and
coastal plains

Poorly drained to very poorly drained swamps and coastal marine plains with seasonally or
permanently wet soils (SGG 3). Acid sulfate soils, regular flooding and storm surge from cyclones
require considerable management. Negligible potential for irrigated agriculture but some suitable
areas for aquaculture.

Land suitability and its implications for crop management are discussed in more detail for a
selection of crops in Section 4.6. There, land use suitability of a given crop and irrigation
combination are mapped, along with information critical to the consideration of the crop in an
irrigated farm enterprise. Land suitability maps for all 126 land use combinations are presented in
the companion technical report on land suitability (Thomas et al., 2018b).
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4.4

Crop and forage opportunities in the Darwin catchments

4.4.1

INTRODUCTION

Dryland, or rainfed, cropping (farming without irrigation) is not widely practised in the Darwin
catchments with most cropping relying on irrigation, mainly from groundwater aquifers. Dryland
cropping is wholly dependent on water stored in the soil and rainfall occurring during crop growth.
The relatively short wet season combined with high cloud cover during the monsoonal wet season
means that continuous year-on-year dryland cropping is not well-suited to the Darwin catchments,
although dryland forages are grown on the Tortilla Flats on the upper Adelaide River alluvial soils.
A little further to the south of the Darwin catchments, in the Douglas–Daly region, dryland forage
production is also widely practised.
When crops are fully irrigated they can produce up to twice as much yield as dryland crops, as
demonstrated in Table 4-3, which shows dryland and irrigated yields for grain sorghum, mungbean
and peanut. The use of 125 seasons of data provides for robust assessments of both median yield
and the variability that can be expected about the average due to variations in climate. The 20th
percentile exceedance values represent the yield that is exceeded in 20% of all years (i.e. in 20% of
years the yield will be higher than this value). The 50th percentile represents the median yield.
Similarly, the 80th percentile exceedance values represent the yield that is exceeded in 80% of
years (i.e. in 80% of years the yield will be higher than this value). The irrigated yield is highly
dependent on the volume of water applied. In essence, more irrigation equals more yield up to
the point that the full water needs of the crop are satisfied. The yield response curves can provide
insights into the relative response of crops to irrigation and could be used to help guide decisions
about which crops and which areas of crop could preferentially receive irrigation water in the
event that it is limiting.
Table 4-3 Yields (20th, 50th (median), 80th percentile) of three crops at Wildman River under dryland and irrigated
conditions
Based on Agricultural Production Systems sIMulator (APSIM) crop model simulations using the Wildman historical
climate record (1890–2015) and a Red Kandosol.
CROP

DRYLAND YIELD

IRRIGATED YIELD

20th

50th

80th

20th

50th

80th

Sorghum (t/ha)

5.0

4.2

3.2

7.5

7.2

6.9

Mungbean (t/ha)

1.5

1.3

1.0

2.3

2.1

1.9

Peanut (t/ha)

3.5

3.0

2.5

3.7

3.5

3.4

Whether or not water is limiting in a particular situation will depend on rainfall, the availability
and reliability of irrigation water, the area and time for which irrigation water is required and the
characteristics of the soil.
Water storage options are discussed in detail in Chapter 5 but, suffice to say, because there is more
moderately suitable soil in the Darwin catchments than there is water to irrigate it, decisions will
need to be made on whether irrigation is economically feasible, and if so, the most efficient and
cost-effective use of limited irrigation water. This will require consideration at regional, farm and
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paddock scales. At the farm and paddock scales, these decisions may need to be made each
cropping season.
Eleven crop and forage land use categories were developed by the Assessment and used as a basis
for the land suitability analysis. These were based on knowledge of existing or historical cropping
in the catchment, knowledge of the crops that have grown well in similar tropical regions, and an
understanding of the commercial aspirations of local landholders in the Assessment area. The 11
categories, and a range of the crops that comprise them, are shown in Table 4-4.
The 41 crop examples listed in Table 4-4 were subsequently analysed in more detail to identify
critical environmental requirements and management considerations. Critical among these is
season of growth and sowing time, which determines the conditions in which the crop grows and,
consequently, critical factors such as water requirements and yield potential.
Table 4-4 Crop types and crops explored in the Assessment
CROP TYPE

CROP EXAMPLES

Cereals and pseudo-cereals

Chia, maize (grain), millet, quinoa, rice (lowland and upland), sorghum (grain)

Food legumes (pulses)

Chickpea, lentil, mungbean, navy bean

Forage grazing, hay, silage

Rhodes grass, maize (silage), sorghum (forage)

Forage legume

Lablab

Industrial crops

Cotton, sugarcane

Intensive horticulture (vegetables)

Asian vegetables, asparagus, capsicum/chilli, cucurbits (melons), snake bean, sweet
corn, tomato

Oilseeds

Poppy, sesame, soybean, sunflower

Root crops

Cassava, peanut, sweet potato

Silviculture (plantation)

African mahogany, Indian sandalwood, teak

Tree crops/horticulture (fruit)

Avocado, banana, citrus (generic), coffee, lychee, mango, papaya

Tree crop (nuts)

Almond, cashew, macadamia

By integrating the information on climate, suitable soils, and general agronomic principles for
dryland and irrigated crop and forage production it is now possible to undertake a more detailed
analysis of the crop and forage opportunities in the Darwin catchments. This analysis commences
with an understanding of optimal times for sowing different crops and forages through the
development of cropping calendars. It then examines potential crop yields, crop management and
gross margins of crops. Given the costly nature of developing land for agriculture and providing
irrigation, it is important to examine the potential for cropping systems that involve crop rotations
and double cropping that can increase annual revenues. Such cropping systems provide
opportunities but also challenges for management; these are addressed in this section.
In Section 4.5 a more detailed description of crop types, their suitability to the Darwin catchments,
management and irrigation requirements, and indicative market opportunities is provided.
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4.4.2

CROPPING CALENDAR

Cropping calendars identify optimum sowing times and the growing season for different crops.
They are an essential crop management tool. Prior to the Assessment no cropping calendar
existed for the Darwin catchments.
The time during which a crop can be reliably and profitably sown is called the sowing window.
Sowing windows vary in both timing and length among crops and regions. Figure 4-5 provides a
cropping calendar for 32 agricultural crops, most of which are likely to be broadly adapted to the
Darwin catchments. Perennial crops are grown throughout the year, and consequently have a less
well-defined growing season or planting window. Generally, perennial tree crops are transplanted
as small plants (not seeds), and in the tropical north this is usually timed towards the beginning of
the wet season to take advantage of wet-season rainfall.
The cropping calendar in Figure 4-5 is based on knowledge of these crops derived from elsewhere
in the tropics combined with an understanding of plant physiology, which enables crop response
to differences in local climate to be anticipated. The optimum planting window and growing
season have been further refined through local experience and through use of the Agricultural
Production Systems sIMulator (APSIM) crop model (see companion technical report on agricultural
viability (Ash et al., 2018a)).
The sowing windows identified in Figure 4-5 correspond with the times of sowing that are likely to
maximise potential crop yield in the Darwin catchments. Sometimes crops can be successfully
sown outside of the identified sowing windows and only a small yield penalty would apply. In this
analysis, sowing dates between September and November have been avoided because high
evaporative demand (see Section 2.4) and low water availability are not conducive to seedling
establishment; however, it is possible to sow at this time for many crops. It should be noted that
sowing to achieve maximum potential crop yield may not always be possible. However, wetseason difficulties in access and trafficability may prevent sowing at optimum times.

Figure 4-4 A mungbean crop ready to be harvested
Photo: CSIRO
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○
○
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Cavalcade
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●
●
●
●
●
●
●
●
●
●
●
●
●
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●
●
●
●
●
●
●
●
●
●
●
●
●
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perennial
Perennial
Perennial
Perennial
Perennial
Perennial
Perennial
Perennial
Perennial
Perennial
Perennial
Perennial

Figure 4-5 Annual cropping calendar for agricultural options in the Darwin catchments

4.4.3

YIELDS AND CROP MANAGEMENT

Dryland cropping
The annual cropping calendar in Figure 4-5 shows that, for many crops, the sowing window
includes the month of January. For relatively short-season crops such as sorghum and mungbean,
this coincides with both the sowing time that provides close to maximum yield and the time at
which the season’s rainfall can be most reliably assessed. In January the prospects of near-future
rainfall can be assessed with a high degree of confidence. On average significant rainfall is
expected in January and February (median of 321 and 321 mm, respectively, for Adelaide River).
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Table 4-5 shows how soil water content at sowing and rainfall received in the 90 days after sowing
varies for three different sowing dates. As sowing is delayed from January to March the amount of
stored soil water remains relatively constant. However, as sowing is delayed the amount of rainfall
received from time of sowing onwards decreases significantly. Combining the mean soil water
content at sowing and the mean rainfall received in the 90 days following sowing provides totals
of 826, 526 and 218 mm for the January, February and March sowing dates, respectively. In
‘wetter than average years’ (i.e. the years that exceed the 20th rainfall percentile) the amount of
soil water at the end of January combined with the rainfall received in the following 90 days is
980 mm. In these seasons, poor trafficability and limited dry days to enable sowing operations will
regularly delay sowing a crop until later in the season. For ‘drier than average years’ (i.e. the years
that exceed the 80th rainfall percentile), the soil water stored at sowing and the rainfall received
in the following 90 days is 644 mm and may be sufficient to grow a short-season crop. These drier
seasons may provide more opportunities for early establishment of a dryland crop on the more
free-draining soils in the catchments.
Table 4-5 Soil water content at sowing and rainfall for the 90-day period following sowing for three sowing dates
(Wildman River), based on a Red Kandosol soil type
The 20th percentile, 50th percentile (median) and 80th percentile exceedance values are reported, for the 125 years
between 1890 and 2015.
SOWING
DATE

SOIL WATER CONTENT
AT SOWING DATE
(mm)

RAINFALL IN 90 DAYS
FOLLOWING SOWING DATE
(mm)

TOTAL STORED SOIL WATER +
RAINFALL IN SUBSEQUENT 90 DAYS
(mm)

20th

50th

80th

20th

50th

80th

20th

50th

80th

31 January

164

157

154

823

656

493

980

826

644

28 February

154

151

149

512

375

246

664

526

397

31 March

150

148

146

149

68

28

297

218
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When planted at an appropriate time, good yields were simulated for the dryland crops of
sorghum, mungbean, soybean and peanut, especially in the best 20% of years (Table 4-6). Given
the relatively high rainfall in the wet season in the Darwin catchments, there is an opportunity for
rainfed crops to be grown that produce positive returns. Rice on the Vertosol and mungbean and
soybean on the Red Kandosol produced median gross margins (see Section 4.5.3 for description)
ranging from $365 to $540/ha. Peanut produced a gross margin of nearly $1200/ha but this
assumed a local processing plant (drying and shelling) existed. All of these crops are legumes and
are susceptible to disease over the humid wet season and the yields and gross margins assumed
pests and disease were well managed. The actual seasons in which growers will find cropping most
or least profitable will vary among farms, which vary in physical attributes, management style and
cost structures.
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Table 4-6 Sowing date, crop yield, price, variable cost, gross margin and break-even crop yield for dryland crops in
the Darwin catchments, with data shown for a Vertosol at Adelaide River and a Red Kandosol at Wildman River
The 20th percentile, 50th percentile (median) and 80th percentile exceedance values are reported for the 125 years
from 1890 to 2015. Gross margins for the 20th, 50th and 80th percentiles are calculated using variable cost in the
table, and the 20th, 50th and 80th percent yields, respectively. Gross margins for peanut assumes delivery to a
(currently non-existent) processing plant.
CROP

SOWING DATE

CROP YIELD

PRICE

(t/ha)

($/unit)

20th

50th

80th

1 Dec–30 Jan

4.4

3.5

2.5

Sorghum

20 Jan–20 Mar

5.0

4.2

Mungbean

1 Feb–15 Mar

1.5

Soybean

15 Dec–31 Jan

Peanut

1 Jan–15 Feb

VARIABLE
COST
($/ha)

GROSS MARGIN

BREAK-EVEN
CROP YIELD
(t/ha)

($/ha)

50th

20th

50th

80th

420/t

1105

649

365

49

2.6

3.2

240/t

954

164

54

–84

4.0

1.3

1.0

1100/t

890

740

540

240

0.9

3.1

2.8

2.2

475/t

965

476

365

143

2.0

3.5

3.0

2.5

1000/t

1809

1574

1192

809

1.8

Vertosol
Rice
Kandosol

Figure 4-6 illustrates the problems that are likely to be encountered sowing a dryland crop at the
end of March, where the majority of crop water will come from stored soil water as there is little
prospect of useful rain in the dry season. Median yields of grain sorghum decline from about
6 t/ha if they are able to be planted in mid-January to around 2.5 t/ha when planted at the
beginning of April. However, the ability to access the land for machinery operations in January
when there are many rain days would be challenging, even on Red Kandosols. The Vertosols at
Adelaide River would not be accessible in January or February in nearly all years. Without the
certainty provided by irrigation, dryland cropping is opportunistic in nature, relying on favourable
conditions in which to establish, grow and harvest a crop.
100

Probability (%)

75
50
25
0

0.0
1-Jan

2.0
Jan-15

1-Feb

4.0

Yield (t/ha)
15-Feb

1-Mar

6.0
15-Mar

1-Apr

15-Apr

Figure 4-6 Probability of exceedance graph of simulated dryland sorghum yields (t/ha) for fortnightly sowing dates
from January to April on a Red Kandosol at Wildman River
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Irrigated cropping
Table 4-7 shows potential irrigated crop yields at the 20th, 50th and 80th percentile exceedance
averaged over all years (1890 to 2015) in simulation models. In comparison, Table 4-8 shows crop
yield and water requirement data for horticultural crops based on expert observed data from
production, experimental trials and expert opinion.
The modelled yield of irrigated crops is much less variable than that of dryland crops.
Consequently, irrigation provides not only for higher, but also more reliable production compared
with dryland crops. The irrigation water required to fully irrigate a crop varies significantly from
year to year, especially for those crops that are grown partly or fully over the wet season. Analysis
of the ‘applied irrigation water’ exceedance values in Table 4-7 shows that the difference in the
volume of water required to irrigate a crop can vary as much as three times between 20th
percentile years versus 80th percentile years for crops grown in the wet season. Water
requirements are less in the years of low crop yields as these are typically wet years where
radiation limits crop production. Higher yields and higher applied irrigation water occur in years
with lower rainfall since radiation is higher. For crops grown over the dry season, there is much
less variation in crop water use and yield.
In the Darwin catchments, fully irrigated crops of mungbean and grain sorghum significantly
outperform those of dryland crops (Figure 4-7; Figure 4-8) and the between-year yields under
irrigation are much less variable than under dryland cropping.
In 50% of years dryland mungbean crops (Figure 4-7) would be expected to yield more than
1.2 t/ha on a Red Kandosol at Wildman River and potential crop yields of about 1.5 t/ha could be
achieved in 20% of years. The break-even crop for dryland mungbean grown at Wildman River is
estimated to be approximately 0.9 t/ha (Table 4-6). This could be expected to be achieved in
approximately 89% of years. Under fully irrigated conditions a yield of 2.1 t/ha could be expected
in 50% of years.
100

Probability (%)

75
50
25
0

0

0.5

1

1.5
2
2.5
Yield (t/ha)
Dryland mungbean
Irrigated mungbean

3

Figure 4-7 Probability of yield potential for dryland and fully irrigated mungbean sown in Wildman River climate on
a Red Kandosol in February/March (dryland) and in August (irrigated)

For grain sorghum (Figure 4-8) a yield of 4.2 t/ha could be expected in 50% of years under dryland
and 7.2 t/ha under full irrigation on a Red Kandosol at Wildman River. Potential crop yields of
about 5.0 t/ha and 7.5 t/ha could be expected in approximately 20% of years under dryland and
irrigated respectively. The break-even crop for dryland sorghum grown at Wildman River is

180 | Water resource assessment for the Darwin catchments

estimated to be approximately 4.0 t/ha (Table 4-6). This could be expected to be achieved in
approximately 58% of years.
100

Probability (%)

75
50
25
0

0

2

4
6
8
Yield (t/ha)
Dryland sorghum
Irrigated sorghum

10

Figure 4-8 Probability of yield potential for dryland and fully irrigated grain sorghum sown in Wildman River climate
on a Red Kandosol in January to March (dryland) and March (irrigated)

Yields typically increase with increasing irrigation until a point at which the full water needs of the
crop are met (Figure 4-9; Figure 4-10).

Crop yield (t/ha)

4
3
2
1
0

0

1

2
3
4
Applied irrigation water (ML/ha)

Confidence limits

5

6

Mean

Figure 4-9 Crop yield plotted against applied irrigation water in Wildman River climate for peanut planted in April
Modelled confidence limits (20th to 80th percentile) and mean crop yield for peanut. Representative of the
production potential (i.e. assumes no nutrient limitations or pest damage). Assumes perfect timing of irrigation (i.e. no
losses).

In Figure 4-9 and Figure 4-10 the slope of the rising part of the curve provides an insight into the
relative response of crops to irrigation and could be used to help guide decisions about which
crops and which areas of crops should preferentially receive irrigation water in the event that it is
limiting.
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Figure 4-10 Crop yield plotted against applied irrigation water in Wildman River climate for peanut planted in
August
Modelled confidence limits (20th to 80th percentile) and mean crop yield for peanut. Representative of the
production potential (i.e. assumes no nutrient limitations or pest damage). Assumes perfect timing of irrigation (i.e. no
losses).

Yields are highest for crops grown over the dry season when radiation tends to be less limiting.
Yields of all crops are consistent with other areas in northern Australia, with the exception of
peanut. Simulated yields indicate production of around only 3.5 t/ha, which is lower than yields
simulated for the Mitchell catchment in Queensland (Ash et al., 2018b) or for trial yields in the
Katherine region (4 to 6 t/ha). The simulations suggest a climate–soil interaction in the Wildman
region that is not conducive to high yields compared with other areas. Rice grown over the wet
season with supplementary irrigation also produced quite low yields, but this is due to low
radiation levels during the monsoon period.
A wide range of horticultural crops can be grown in the Darwin catchments and production data
for a number of these crops is shown in Table 4-8. This is one of the first attempts to try to
quantify production and returns for Asian vegetables in the Darwin catchments.
Climate change poses a potential risk to agricultural production and viability in future decades (see
Section 2.4). To assess the potential impacts of climate change on crop yields, climate change
scenarios (rainfall, temperature, evaporation) for 2060 were incorporated into crop modelling
analyses. In addition to climate variables, increased concentrations of carbon dioxide in the
atmosphere affect plant growth and crop yields by increasing photosynthetic and water use
efficiencies, which can increase plant growth and may offset negative impacts of decreased rainfall
and higher temperatures. Given the importance of carbon dioxide on plant growth this was also
assessed in the crop analysis.
Assuming irrigation supplies are not compromised, in simulations of future climate scenarios,
broadacre crops such as rice, forage sorghum, grain sorghum and mungbean were projected to
maintain or even increase yields despite higher temperatures and evaporative demand because of
the positive effects of increased carbon dioxide concentrations. However, under dryland
conditions (no irrigation), the yield of sorghum was significantly reduced under a drier future
climate scenario.

182 | Water resource assessment for the Darwin catchments

Table 4-7 Cropping season, applied irrigation water, crop yield, price, variable cost, gross margin and break-even yield for crops in the Darwin catchments, with data shown for
a Vertosol soil type at Adelaide River and a Red Kandosol soil type at Wildman River
20th percentile, 50th percentile (median) and 80th percentile exceedance values are reported for the 125 years from 1890 to 2015. Gross margins for the 20th, 50th and 80th
percentiles are calculated using variable cost in the table, and the 20th, 50th and 80th percent yields, respectively. Gross margins for peanut assumes delivery to a (currently nonexistent) processing plant.
CROP

SEASON

APPLIED IRRIGATION WATER

CROP YIELD

PRICE

(ML/ha)

(t/ha)

($/t)

20th

50th

80th

20th

50th

80th

VARIABLE
COST
($/ha)

GROSS MARGIN

BREAK-EVEN
CROP YIELD
(t/ha)

($/ha)

50th

20th

50th

80th

Adelaide River (Vertosol)
Rice

DS†

8.5

8.1

7.5

9.9

9.7

9.3

420

2340

1818

1755

1629

6.4

Rice

WS‡

1.6

1.0

0.7

5.0

4.3

3.5

420

1848

179

–42

–295

4.4

Rice (aromatic)

DS

NA§

NA

NA

NA

6.0

NA

620

1922

NA

1798

NA

3.1

Soybean

WS

3.1

2.3

1.5

3.9

3.6

3.4

475

1212

491

408

362

2.7

WS+DS

2.9

2.4

1.9

19.6

17.6

16.0

160

2014

1108

802

560

12.6

DS

NA

NA

NA

NA

8.0

NA

1066

NA

NA

534

NA

5.3

WS + DS

3.1

2.8

2.5

7.5

7.2

6.9

240

1831

–62

–104

–145

7.6

Mungbean

DS

1.9

1.7

1.3

2.3

2.1

1.9

1100

1404

1077

907

837

1.4

Soybean

WS

1.1

0.7

0.3

3.3

3.1

2.9

475

1247

167

148

121

2.6

Peanut

DS

4.2

4.0

3.6

3.7

3.5

3.4

1000

2945

708

555

478

2.9

Chia

DS

NA

NA

NA

NA

0.9

3000

2028

NA

672

NA

0.7

WS + DS

4.7

3.9

3.4

24.6

22.5

19.5

160

2306

1570

1295

884

14.4

DS

3.7

3.4

3.1

9.1

9.0

8.9

200

1399

396

400

415

7.0

Forage sorghum
Cavalcade

Wildman (Red Kandosol)
Sorghum

Forage sorghum
Lablab
†DS = dry season
‡WS = wet season
§NA = not available
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Table 4-8 Cropping season, irrigation water requirement, crop yield, price, variable cost, gross margin and break-even crop yield for horticultural and tree crops in the Darwin
catchments, assuming a Red Kandosol soil type
Gross margins (+25%, Average, –25%) reflect price variability. For okra, snake bean, bitter melon, luffa and cucumbers, family labour is assumed in the gross margin analysis. For
mangoes, KP is Kensington Pride and PVR refers to plant variety rights mangoes, of which Calypso is an example. Gross margin for sandalwood is over 15 years as it takes that long
for a crop to reach harvest.
CROP

SEASON

APPLIED IRRIGATION WATER

CROP YIELD

(ML/ha)

(unit/ha)

20th

50th

80th

UNIT

PRICE
($/unit)

VARIABLE
COST
($/ha)

GROSS MARGIN

BREAK-EVEN
CROP YIELD
(t/ha)

($/ha)

Average

+25%

Average

–25%

Okra

DS†

3.9

3.5

3.3

1,697

12-kg carton

68

26,769

95,017

70,660

46,303

637

Snake bean

DS

0.2

0

0

2,310

12-kg carton

70

36,628

135,201

100,836

–9,636

861

Bitter melon

DS

3.9

3.5

3.3

1,219

12-kg carton

24

23,852

7,029

853

–5,323

1,168

Luffa

DS

6.8

6.2

5.4

1,108

12-kg carton

30

22,198

12,894

5,876

–1,143

2,366

Cucumbers

DS

3.6

3.5

3.3

3,167

12-kg carton

25

49,886

45,602

26,504

7,407

2,807

Sweet corn

DS

3.0

2.8

1.7

1,086

18-kg carton

15

11,636

4,524

1,292

–1,940

978

Dragon fruit

P‡

5.0

4.5

3.8

2,944

3-kg carton

40

37,988

93,105

57,655

45,284

1,158

Banana

P

10.4

9.5

8.4

3,400

13-kg carton

18

42,752

15,694

3,852

–7,990

3,125

Mango (KP)

P

6.3

5.7

4.8

1,000

7-kg tray

24

12,285

11,008

6,299

1,591

661

Mango (PVR)

P

6.3

5.7

4.8

2,700

7-kg tray

21

29,402

29,134

17,292

5,450

1,700

Rockmelon

DS

3.9

3.4

2.7

1,808

13-kg carton

18

23,051

11,786

4,800

–2,185

1,588

Watermelon

DS

4.4

3.9

3.1

47.5

tonne

900

25,456

15,624

6,893

–1,839

29.4

Sandalwood

P

3.9

3.4

2.9

380

kg oil

4,000

63,246

944,477

692,845

505,501

4.0

†DS = dry season
‡P = perennial
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4.4.4

CROP GROSS MARGINS

A key component of determining potential financial viability is gross margin analysis. Gross
margins are defined as total sales revenue less the costs of direct production, marketing and
transport costs. Gross margin estimates are calculated on a dollar per hectare basis. No specific
farm area is used but it is assumed that it is operationally of a commercial size.
Indicative crop gross margins are provided in Table 4-7 and Table 4-8; for several reasons, great
care needs to be taken with their use. Gross margins are sensitive to variation in yield and price of
outputs, and levels and costs of inputs. These vary from farm to farm, paddock to paddock and
year to year.
Perhaps more importantly, gross margins provide no insight into the cost of establishing new
enterprises. This requires the use of whole or partial farm budgets which, because of their
enterprise specificity, are explored in Chapter 6.
The gross margins are provided merely as an indication of the cash flow that might be generated
by established irrigated cropping enterprises in the Darwin catchments. Gross incomes are based
on crop yield values and the yields are also used to calculate tonnage-related variable costs (e.g.
cartage, levies, harvesting), which are converted to a dollar per hectare cost and added to other
variable costs of production. Pumping costs are calculated using the modelled median applied
irrigation water (ML/ha). Costs and prices are obtained from a range of sources and full details are
provided in the companion technical report on agricultural viability (Ash et al., 2018a).
Gross margins are highly variable between broadacre crops, with dry-season rice (medium grain
and aromatic) returning the highest gross margin of nearly $1800/ha and forage sorghum up to
$1300/ha, depending on location. No other broadacre crops provide gross margins greater than
$1000/ha, except in the best 20% of years. Compared with other catchments, peanut produces
only modest gross margins because of moderate yields. Gross margins of broadacre crops are
highly sensitive to yield and if peanut yields are increased from 3.5 to 5 t/ha the gross margin
increases from $555 to over $1700/ha. The relatively high cost of freighting high-volume, lowvalue grains to southern markets reduces their ability to generate high returns.
Gross margins are also highly variable between the different horticultural crops. High gross
margins can be achieved for the Asian vegetable crops of okra, snake bean, luffa and cucumber.
Most of these vegetables are grown on a small scale utilising family labour. As such, the gross
margins for Asian vegetables in this analysis do not include labour costs for planting, weeding,
harvesting or packing. If full labour costs at $30.00 per hour are included, all of the Asian vegetable
crops show negative gross margins. Freight costs are high for Asian vegetables because they are
not shipped in bulk and require consolidation through a local transport company. This doubles
freight costs compared with bulk transport. The niche crop dragon fruit produces a very high gross
margin. Some considerable caution needs to be used with this result as dragon fruit has a small
market in Australia and oversupply can rapidly reduce prices received (i.e. its returns are highly
volatile). Imports of dragon fruit have recently been approved and this is likely to affect the
returns that local producers can achieve.
For the more established horticultural crops (mango, banana, melons) gross margins are highly
variable ranging from $3,000/ha for honeydew to over $17,000/ha for Calypso mangoes. These
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results are consistent with other regions in northern Australia (e.g. Katherine, WA, north
Queensland). Gross margins of horticultural crops are highly sensitive to price variation, with
negative returns common when prices 25% lower than the assumed mean were used.
Sandalwood is being commercially grown in northern Australia, with a strong presence in the Ord
valley. Financial information is difficult to source as most information is commercial in confidence.
In addition, unlike all the other crops in the Assessment, which are harvested at least annually,
sandalwood is a tree crop that is harvested every 15 years. Based on information obtained from
commercially available reports and experts working in the sandalwood industry, the NPV gross
margin analysis shows an NPV gross margin per ha of nearly $700,000. If this is annualised this
represents a gross margin of around $47,000/ha/year.
The inability of most broadacre crops to generate high gross returns as a single annual crop raises
the challenge of how might gross margins be improved to better align with required returns for
investment. Gross margins can be improved by either reducing costs or increasing returns. In
terms of reducing costs, achieving efficiencies in input costs (water, fertiliser, herbicides and
pesticides) is usually an ongoing priority for management.
Freight costs can represent up to 40% of gross returns for broadacre grain costs and are very
sensitive to the distance to market given the relatively low prices received per tonne of product. In
contrast, freight costs represent about 10% of gross returns for pulse crops (mungbean, chickpea)
even though they need to be transported to Adelaide for processing. A combination of high prices
per tonne and relatively low yields means total tonnage of pulses transported is low compared
with coarse grains.
Where local processing facilities are available (peanut drying and shelling facilities) freight costs as
a percentage of gross returns is generally less than 10%.
High-volume horticulture crops (melons, bananas) have relatively high transport costs (18 to 30%
of gross returns) compared with higher value crops such as mangoes. Asian vegetables have
significant costs tied up in freight because volumes from individual growers are small, which
requires use of local freight consolidators. Ash et al. (2017) identified supply chain costs as a
significant challenge for agricultural development in northern Australia. Options for reducing
freight costs to market include local processing facilities or for horticultural products, establishing
lower cost export options through the port of Darwin. Achieving a long-term profitable cropping
enterprise will be difficult without a pathway for reducing freight costs as a percentage of the
value of product.
Options for increasing gross returns are either through increasing yields or employing more
intensive rotational cropping systems (particularly for broadacre crops) that provide more than
one crop per year. Significant increases in yield of most crops have been achieved over the last
few decades but these increases are over the longer term through improved genetics and farming
system technologies. More intensive cropping systems potentially offer more immediate gains in
financial returns. However, implementing more intensive rotational systems, including double
cropping (two crops per year), is dependent on the interaction between soils, climate and water
availability. These issues are explored in the next section on cropping systems.
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4.4.5

CROPPING SYSTEMS

As indicated above, new agricultural developments that focus on field cropping may require more
than a single crop in a year to generate significant enough revenues to meet development, fixed
and variable costs. The number of different possibilities for cropping systems is very large, given
the range of field crops, horticultural crops, forages and rotations that can be grown in northern
Australia. The approach adopted in the Assessment focused on examining possible cropping
system combinations that could be practically integrated into the climate and environment of the
Darwin catchments. For example, does the pattern of rainfall and soil trafficability permit two
crops per year when combined with management resources and capacity to rapidly finish one crop
and move into another crop with tightly constrained planting windows?
Two scenarios were explored:
1. Rice grown over the wet season followed by mungbean in the dry season.
2. Soybean grown over the wet season followed by rice during the dry season.
Rice grown over the wet season achieves lower yields (4.4 t/ha) compared with dry-season yields
(10.5 t/ha) due to lower solar radiation associated with increased cloud cover, as discussed earlier
in this chapter. Mungbean sown over the dry season following the wet-season rice crop averages
2 t/ha, which is a good yield for mungbean. Soybean yields of 3.5 t/ha are achievable during the
wet season under rainfed conditions with some supplementary irrigation, if needed.
The two examples outlined above highlight how cropping systems and rotations need to be
considered carefully to fit with the soil, climate and agronomic environment. Growing wet-season
rice followed by mungbean in an annual double crop produced total gross margin returns of less
than $800/ha because of the low yields and returns from growing rice over the wet season.
Growing rice in the dry season after a wet-season soybean crop produces higher yields and returns
than from a single annual rice crop, with total gross margins in the order of $1900/ha. This return
could be sufficient to meet capital costs of development in the order of $10,000 to $15,000/ha.
More broadly, the design of, and the management skills required to successfully implement either
best-practice management for individual crops or intensive cropping rotations in tropical
environments should not be underestimated. Throughout this assessment of agriculture in the
Darwin catchments, there is an assumption of good agronomic practice, which provides an
optimistic view of potential yield and returns.

4.5

Crop synopses

4.5.1

INTRODUCTION

Note that the estimates for land suitability in these synopses represent the total areas of the
catchment unconstrained by factors such as water availability; land tenure; environmental and
other legislation and regulations; and a range of biophysical risks such as cyclones, flooding and
secondary salinisation. These are addressed elsewhere by the Assessment. The land suitability
maps are designed to be used predominantly at the regional scale. Farm-scale planning would
require finer scale, more localised assessment.
Chapter 4 Opportunities for agriculture and aquaculture | 187

4.5.1

CEREAL CROPS

Cereal production is well-established in Australia. Around 20 million ha of land is devoted to grain
(wheat, barley, grain, sorghum, oats, triticale, maize, etc.) production each year, yielding over
50 Mt/year with a value in 2016–17 of $26.1 billion (ABARES, 2018). Domestic markets demand all
cereals. Significant export markets exist for wheat, barley and sorghum (grain) and there are niche
export markets for grains such as maize and oats.
Among the cereals, the ‘summer crops’ such as sorghum (grain) and maize are the most promising
for the Darwin catchments. These could be grown opportunistically using dryland production,
although the years in which this could be successfully done will be limited. Cereal crops could be
grown more consistently during the dry season using irrigation.
Assuming unconstrained development, approximately 710,000 ha of the Darwin catchments are
considered to be moderately suitable with considerable limitations (Class 3; Table 4-1) or better
(Class 2) for irrigated cereal cropping using spray irrigation in the dry season. About 88,000 ha are
moderately suitable with considerable limitations (Class 3) for dry-season furrow irrigation of rice
(Figure 4-11). The other dry-season furrow irrigated cereals are moderately suitable with
considerable limitations (Class 3) to a lesser extent, approximately 50,000 ha, due to inadequate
soil drainage. There is potential for dryland cereal production in the wet season in areas ranging
from about 10,000 ha for sorghum (grain), 15,000 ha for maize and 85,000 ha for millet.
The ‘winter cereals’ such as wheat and barley are not well-adapted to the climate of the Darwin
catchments. If grown during winter, they would require full irrigation.
To grow cereal crops, farmers will require access to tillage, fertilising, planting, spraying and
harvesting equipment. Harvesting is often a contract operation, and in larger growing regions
other activities can also be performed under contract.
Table 4-9 provides summary information relevant to the cultivation of cereals, using sorghum
(grain) as an example. The companion technical report on agricultural viability (Ash et al., 2018a)
provides greater detail for a wider range of crops.
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Figure 4-11 Modelled land suitability for (a) dry-season rice using furrow irrigation and (b) wet-season grain
sorghum using furrow irrigation
Note that this land suitability map does not take into consideration flooding, risk of secondary salinisation or
availability of water. The methods used to derive the reliability data in the inset map are outlined in Thomas et al.
(2018b).

Figure 4-12 Sorghum (grain)
Photo: CSIRO
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Table 4-9 Sorghum (grain) (Sorghum bicolor)
PARAMETER

DESCRIPTION

Summary

Major summer rainfed (dryland) grain crop grown mainly for stock feed. Currently
grown extensively in southern and central Queensland (600,000 to 700,000 ha).
Sorghum has been a major grain crop in the NT, grown in rotation with pasture
legumes such as Cavalcade. It potentially can supply an intensification of the northern
Australian cattle industry.

Growing season

Planting window December to July. 120- to 180-day duration of growth. Ranges of
sorghum cultivars are available to suit different sowing times and geographic locations.

Land suitability assessment

Land suitability is highly dependent on season of planting and type of irrigation. While
24% of the catchments are suitable (Class 3) or better for sorghum under spray
irrigation in the dry season, this drops to 2% for furrow irrigation. Wet-season spray
irrigation is limited to only 7% of the catchments and wet-season furrow to 1%. Less
than 1% is Class 3 for rainfed (dryland) although opportunistic use after good wet
seasons may allow a greater area in some years.
The coastal lowlands are limited by potential acid sulfate soils with other low-lying
parts of the catchments seasonally or permanently wet. The extensive uplands are
dominated by excessive slope, rockiness and low soil water storage due to shallow
and/or stony soils. Wet-season cropping is limited by inadequate drainage of the soil
profile on heavier soils with the clay soils in the upper Adelaide and Mary catchments
most suitable for furrow irrigation.

Irrigation system requirements

Spray, surface, micro

Applied irrigation water (median)

2.8 ML/ha (Sowing late wet season). Assumes perfect timing of irrigation (i.e. no
losses).

Crop yield (median)

Dryland: 4.2 t/ha
Irrigated: 7.2 t/ha

Salinity tolerance

Moderately tolerant – ECe threshold for yield decline 6.8 dS/m

Downstream processing

Available for direct delivery to end user.

By-products

Biomass for stock feed, bio-processing?

Production risks

Frost, heat stress at flower, minimum soil temperature for germination

Rotations

High potential for annual rotation.

Management considerations

Header, row crop planter, spray rig (pest control), fertiliser

Complexity of management practices

Medium

Markets and emerging markets

In Australia sorghum grain is used mostly for stock feed in the cattle, pig and poultry
industries. A large amount of grain is exported.
Potential emerging market for feedlots supplying local abattoir.

Prices

Generally $150/t to $300/t

Opportunities and risks under a
changing climate

More tolerant of drought and temperature stress than maize.

Further reading

DAFF (2011a)
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4.5.2

FOOD LEGUME (PULSE CROPS)

Pulse production is well-established in Australia. Over 2 million hectares of pulse crops are grown
annually, producing around 5 million tonnes of mainly chickpea, lupin and field pea with a value
greater than $3.2 billion in 2016–17 (ABARES, 2018). Pulses produced in the Darwin catchments
would most likely be exported although there is presently no cleaning or bulk handling facility.
The pulses, many of which have a short growing season, are often well-suited to opportunistic
dryland production or more continuous irrigated production, probably in rotation with cereals or
other non-legume crops.
Not all pulse crops are likely to be suited to the Darwin catchments. Those that are ‘tender’ such
as field peas and beans may not be well-suited to the highly desiccating environment and
periodically high temperatures. Direct field experimentation in the catchments is required to
confirm this, for these and other species.
Assuming unconstrained development, approximately 750,000 ha of the Darwin catchments are
considered to be moderately suitable with considerable limitations (Class 3; Table 4-1) for irrigated
cropping of pulses using spray irrigation in the dry season (Figure 4-13). Navy bean is suitable to a
lesser extent, limited by soil water holding capacity. About 70,000 ha are moderately suitable with
considerable limitations (Class 3) for dry-season furrow irrigation, with mungbean and navy bean
suitable to a smaller extent. Only 13,000 ha are Class 3 suitable for dryland cropping.
Pulses are often advantageous in rotation with other crops because they provide a disease break
and, being legumes, often provide nitrogen for subsequent crops. Even where this is not the case,
their ability to meet their own nitrogen needs can be beneficial. This may be a distinct advantage
in areas such as the Darwin catchments where freight costs (for fertiliser, etc.) pose a considerable
cost burden on potential growers. Mungbeans are also high value (>$1000/t) and so the freight
costs as a percentage of the value of the crop are low compared with cereal grains.
To grow pulse crops, farmers will require access to tillage, fertilising, planting, spraying and
harvesting equipment. Harvesting is generally a contract operation, and in larger growing regions
other activities can also be performed under contract. The equipment required for pulse crops is
the same as is required for cereal crops, so farmers intending on a pulse and cereal rotation would
not need to purchase extra ‘pulse-specific’ equipment.
Table 4-10 provides summary information relevant to the cultivation of many pulses, using
mungbean as an example. The companion technical report on agricultural viability (Ash et al.,
2018a) provides greater detail for a wider range of crops.
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Figure 4-13 Modelled land suitability for mungbean in the dry season using (a) furrow irrigation and (b) spray
irrigation
Note that this land suitability map does not take into consideration flooding, risk of secondary salinisation or
availability of water. The methods used to derive the reliability data in the inset map are outlined in Thomas et al.
(2018b).

Figure 4-14 Mungbean
Photo: CSIRO
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Table 4-10 Mungbean (Vigna radiata)
PARAMETER

DESCRIPTION

Summary

Mungbean is a relatively quickly maturing (90 days) grain legume that can be sown in
early spring or late summer as part of a planned rotation or as an opportunity crop.
Mainly used for human consumption (sprouting and processing) but can be used as
green manure and livestock forage. In the northern grains region of Queensland and
NSW, 66,000 ha were grown in 2011.
Generally reliable production for spring and summer plantings for both rainfed
(dryland) and irrigation. Market-driven demand for high-quality product for sprouting.

Growing season

Planting window February to May

Land suitability assessment

Dry-season irrigated cropping is more suited to mungbean with <1% of the catchments
suitable for rainfed (dryland) in the wet season. While 23% of the catchments are Class
3 for spray irrigation, this drops to 1% under furrow irrigation. Opportunistic planting
after good wet seasons may allow a greater area for rainfed in some years.
The coastal lowlands are limited by potential acid sulfate soils with other low-lying
parts of the catchments seasonally or permanently wet. The extensive uplands are
dominated by excessive slope, rockiness and low soil water storage due to shallow
and/or stony soils. Wet-season cropping is limited by inadequate drainage of the soil
profile on heavier soils with the clay soils in the upper Adelaide and Mary catchments
most suitable for furrow irrigation.

Irrigation system requirements

Spray, surface, micro

Applied irrigation water (median)

1.7 ML/ha (March sowing). Assumes perfect timing of irrigation (i.e. no losses).

Crop yield (median)

Dryland: 1.3 t/ha
Irrigated: 2.1 t/ha

Salinity tolerance

Sensitive – ECe Threshold for yield decline 1.8 dS/m

Downstream processing

Available for direct delivery to end user.

By-products

Biomass for stock feed

Production risks

Rain periods during late grain fill for spring-sown mungbean. Insect damage resulting
in quality downgrades

Rotations

Opportunity crop, annual rotation

Management considerations

Header, row crop planter, spray rig (pest control)

Complexity of management practices

Medium

Markets and emerging markets

Increasing demand for high-quality grain to supply the domestic market. Nearly all
(95%) of the Australian mungbean crop is exported (DEEDI, 2010).

Prices

World mungbean prices are largely determined by both the volume and quality of the
crops in China and Burma. Price trends usually become obvious in December when the
harvest of the Chinese crop nears completion and both the volume and quality of
production become apparent. Mungbeans are classified into five grades and price
varies accordingly.

Opportunities and risks under a
changing climate

Short-season opportunity crop, lower fertiliser requirements, potential for increased
insect pest pressure as a result of increased temperatures

Further reading

DEEDI (2010), DAFF (2012c)
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4.5.3

OILSEED CROPS

Soybean, canola and sunflowers are oilseed crops used to produce vegetable oils, biodiesel and for
supplementary use as high protein meals for intensive animal production (cottonseed is also
classified as an oilseed that is used for animal production). Soybean is also used in processed foods
such as tofu; it can provide both green manure and soil benefits in crop rotations, with symbiotic
nitrogen fixation adding to soil fertility and sustainability in an overall cropping system. Soybean is
used commonly as a rotation crop with sugarcane in northern Queensland. Summer oilseed crops
such as soybean and sunflower are more suited to tropical environments than winter-grown
oilseed crops such as canola.
Soybean is sensitive to photoperiod (day length) and requires careful consideration in selection of
the appropriate variety for a particular sowing window. Unlike soybean, sunflower cannot be
baled or used for forage and because it is susceptible to many of the same diseases as legumes it
should not be used in rotation with legumes.
Australia produces around 5 to 6 million tonnes of oilseed crop annually, about 80% of which is
from canola and the remainder primarily from cottonseed (ABARES, 2018), with soybean and
sunflowers contributing 3% and 4%, respectively.
Assuming unconstrained development, approximately 700,000 ha of the Darwin catchments are
considered to be moderately suitable with considerable limitations (Class 3; Table 4-1) or better
(Class 2) for irrigated oilseed cropping using spray irrigation in the dry season (Figure 4-15). About
40,000 ha are moderately suitable with considerable limitations (Class 3) for dry-season furrow
irrigation. Inadequate soil drainage restricts wet-season furrow irrigation, although approximately
180,000 ha are suitable Class 3 or better for wet-season spray irrigation occurring on the elevated
lighter textured soils. There is potential for dryland oilseed production in the wet season of
suitable Class 3 or better in areas ranging from about 10,000 ha for soybean and 30,000 ha for
sesame.
To grow oilseed crops, farmers will require access to tillage, fertilising, planting, spraying and
harvesting equipment. Harvesting is generally a contract operation, and in larger growing regions
other activities can also be performed under contract. The equipment required for pulse crops is
the same as is required for cereal crops, so farmers intending on a pulse and cereal rotation would
not need to purchase extra ‘pulse-specific’ equipment.
Table 4-11 provides summary information relevant to the cultivation of oilseed crops, using
soybean as an example. The companion technical report on agricultural viability (Ash et al., 2018a)
provides greater detail for a wider range of crops.
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Figure 4-15 Modelled land suitability for soybean in the dry season using (a) spray irrigation and (b) furrow
irrigation
Note that this land suitability map does not take into consideration flooding, risk of secondary salinisation or
availability of water. The methods used to derive the reliability data in the inset map are outlined in Thomas et al.
(2018b).

Figure 4-16 Soybean
Photo: CSIRO
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Table 4-11 Soybean (Glycine max)
PARAMETER

DESCRIPTION

Summary

Soybean (Glycine max) is a legume with a compact growth habit less than 1 m high.
Soybean is the most widely grown oilseed crop, with many varieties available to match
a wide range of Australian environments – primarily differentiated by the time taken
to maturity. Soybeans flower as day length becomes shorter, so varieties are matched
to a combination of latitude and planting time. Longer varieties are planted earlier
(November) and shorter maturing varieties can be planted later (January). Soybean is
suited to a range of soil types and can be successfully grown without irrigation, relying
on wet-season rain, but will yield better with irrigation.
It is able to tolerate moderate levels of flooding and soil salinity. It is being increasingly
used as an irrigated forage in northern Australia because of its high productivity and
ease of establishment.

Growing season

Under irrigation planting from late spring (November) through to January. Sowing time
is matched to variety.

Land suitability assessment

Extensive areas of a range of soils, 23% of the catchments, are Class 3 or better for
soybean under spray irrigation in the dry season, this drops to 1% under furrow
irrigation on the heavier textured soils.
The coastal lowlands are limited by potential acid sulfate soils with other low-lying
parts of the catchments seasonally or permanently wet. The extensive uplands are
dominated by excessive slope, rockiness and low soil water storage due to shallow
and/or stony soils. Wet-season cropping is limited by inadequate drainage of the soil
profile on heavier soils with the clay soils in the upper Adelaide and Mary catchments
most suitable for furrow irrigation.

Irrigation system requirements

Spray, surface

Applied irrigation water (median)

1 to 4 ML/ha (low applied irrigation water if grown over the wet season). Assumes
perfect timing of irrigation (i.e. no losses).

Crop yield (median)

Dryland: 2.8 t/ha
Irrigated: 3.1 to 3.6 t/ha

Salinity tolerance

Moderately tolerant

Downstream processing

Either sourced for edible trade (which attracts a premium) or delivered for crushing
and oil extraction.

By-products

Crushed by-product is used for stock feed. Oil has potential use in biofuels.

Production risks

Wet conditions at harvest can be detrimental to grain quality. Wet growing conditions
can also increase pest and disease pressure, requiring more control.

Rotations

Soybean is commonly used in rotations including sugarcane, cotton, rice and other
crops. Soybean is a legume and therefore able to ‘fix’ atmospheric nitrogen, providing
a benefit to the following crop.

Management considerations

Ability to effectively use inoculants and desiccants. Direct seeders and headers. Ability
to identify pests and diseases and apply effective control measures appropriately.

Complexity of management practices

Medium

Markets and emerging markets

Primarily domestic market

Prices

$450 to $750 per tonne

Opportunities and risks under a
changing climate

Under water constraints varieties with shorter times to maturity can be planted to
conserve water.
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4.5.4

ROOT CROPS, INCLUDING PEANUT

Root crops are those vegetables where the harvested material grows under the ground. The
harvesting of root crops involves ‘pulling’ the material from the ground, prior to either direct
harvest or drying prior to harvest. While peanut is technically an oilseed crop, it has been included
in the root crop category due to its similar agronomic requirements (i.e. the need for it to be
‘pulled’ from the ground as part of the harvest operation).
When peanut is included in the root crop category, peanut is by far the most likely root crop that
would be grown in the Darwin catchments. Other potential crops such as sweet potatoes and
cassava are higher value, and therefore more likely to be grown in smaller areas. The Australian
peanut industry currently produces approximately 20,000 to 25,000 t/year from around 8000 ha,
with an on-farm annual value of production of $15 to $20 million. The Australian industry is
focused in Queensland, with a major production area just to the south of the Mitchell catchment
in Tolga.
Root crops are potentially well-suited to the lighter soil types in the Darwin catchments. Root
crops are not suited to growing on heavier clay soils because they need to be pulled from the
ground for harvest, and the heavy clay soils, such as cracking clays, are not conducive to easy crop
pulling.
Assuming unconstrained development, approximately 570,000 ha of the Darwin catchments are
considered to be moderately suitable with considerable limitations (Class 3; Table 4-1) or better
(Class 2) for irrigated cropping of root crops using spray irrigation in the dry season (Figure 4-17).
In the wet season this area is reduced to around 105,000 ha by the erosion limitation and about
95,000 ha are Class 3 or better for dryland cropping in the wet season. Furrow irrigation is not
suited to either season with wetness on the heavier textured soils being the limitation and the
lighter textured soils being too permeable. Given root crops are not suited to heavy soils and these
heavier textured soils are most suited to furrow irrigation, the root crops are largely suited to
spray irrigation.
To grow root crops, farmers will require access to tillage, fertilising, planting, spraying and
harvesting equipment. The harvesting operation requires specialised equipment to ‘pull’ the crop
from the ground, and then to pick it up either immediately or after a drying period.
Table 4-12 provides summary information relevant to the cultivation of root crops, using peanut as
an example. The companion technical report on agricultural viability (Ash et al., 2018a) provides
greater detail for a wider range of crops.
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Figure 4-17 Modelled land suitability for (a) dry-season peanut using spray irrigation and (b) dry-season sweet
potato using spray irrigation
Note that this land suitability map does not take into consideration flooding, risk of secondary salinisation or
availability of water. The methods used to derive the reliability data in the inset map are outlined in Thomas et al.
(2018b).

Figure 4-18 Peanuts
Photo: Shutterstock
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Table 4-12 Peanut (Arachis hypogaea)
PARAMETER

DESCRIPTION

Summary

Peanut (Arachis hypogaea) is a legume with a compact growth habit less than 0.6 m
high. Most peanuts grown in Australia are grown in Queensland, primarily around
Kingaroy, Bundaberg/Childers, Emerald and the Atherton Tablelands. While technically
an oilseed crop, the agronomic requirements of peanut are close to those of root crops.
Peanut can be grown under irrigation or dryland where rainfall is suitable. Peanut
varieties are either Virginia, runner or Spanish type. Virginia is used in the snack food
industry, with runner and Spanish used in the manufacturing industries.
Harvesting of peanut is specialised, occurring is two distinct operations requiring
specialised equipment. First the crop roots are cut below the pods and the bush is
‘pulled’ from the ground. In the second stage the pods are removed from the rest of the
bush in a process called ‘threshing’. Most peanut pods will then need drying prior to
being safe for storage.

Growing season

Under irrigation peanut can be grown in the wet season or dry season. Planting for wetseason production is from December to February and planting for dry-season
production is from late March to early June.

Land suitability assessment

Land suitability for root crops are highly dependent on soils, preferring lighter textured
soils. Approximately 20% of the catchments are Class 3 or better for peanuts under
spray irrigation in the dry season, reflecting these lighter textured soils.
The coastal lowlands are limited by potential acid sulfate soils with other low-lying parts
of the catchments seasonally or permanently wet. The extensive uplands are
dominated by excessive slope, rockiness and low soil water storage due to shallow
and/or stony soils.

Irrigation system requirements

Spray. Peanut is not suited to the heavy soils suited to surface irrigation.

Applied irrigation water (median)

4.0 ML/ha. Assumes perfect timing of irrigation (i.e. no losses).

Crop yield (median)

Irrigated: 3.5 t/ha

Salinity tolerance

Moderately sensitive

Downstream processing

Peanuts must be dried prior to storage, which is commonly done in dryers, but under
favourable conditions can be done in the field prior to threshing. Peanuts are then
transferred to a processing facility (e.g. Kingaroy) where they are shelled and graded,
prior to being sent to market either raw or blanched, crushed for oil extraction and
used in manufacturing peanut-based products for human consumption.

By-products

Peanut shell is used for mulch or animal feed. Crushed by-product used in stock feed
mixes.

Production risks

Dry soil at harvest can damage crop during ‘pulling’. Wet conditions after pulling can
degrade crop quality. Hot dry conditions reduce yield. High temperatures and high
moisture content after harvest increases aflatoxin risk.

Rotations

Peanut is well-suited to crop rotations with cereals such as maize or rice, and can be
planted in a sugarcane fallow. Peanut can be wet- or dry-season grown in the Darwin
catchments. Peanut is a legume and therefore able to ‘fix’ atmospheric nitrogen,
providing a benefit to the following crop.

Management considerations

Ability to effectively use inoculants and desiccants. Harvesting and threshing
equipment, access to dryers

Complexity of management practices

Medium

Markets and emerging markets

Primarily domestic market

Prices

$1000 per tonne

Opportunities and risks under a
changing climate

Hotter and drier dry seasons could limit areas suitable to peanuts.

Further reading

DAFF (2011b)
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4.5.5

FORAGES

Forage, hay and silage are crops that are grown for consumption by animals. Forage is consumed
in the paddock in which it is grown, which is often referred to as ‘stand and graze’. Hay is cut,
dried, baled and stored before being fed to animals at a time when natural pasture production is
low (generally towards the end of the dry season). Silage use resembles that for hay, but crops are
stored wet, in anaerobic conditions where fermentation occurs to preserve the feed’s nutritional
value.
Dryland and irrigated production of fodder is well-established throughout Australia, with over
20,000 producers, most of whom are not specialist producers. Fodder is grown on approximately
30% of all commercial Australian farms each year, and 70% of fodder is consumed on the farms on
which it was produced. Approximately 85% of production is consumed domestically. The largest
consumers are the horse, dairy and beef feedlot industries. Fodder is also widely used in
horticulture for mulches and for erosion control. There is a significant fodder trade in support of
the northern beef industry, though there is room for expansion as fodder costs currently comprise
less than 5% of beef production costs (Gleeson et al., 2012).
Non-leguminous forage, hay and silage
The Darwin catchments are suited to dryland or irrigated production of non-leguminous forage,
hay and silage. A significant amount of dryland hay production occurs in the Douglas–Daly region,
to the south of Darwin. Most of that hay is either used in the Darwin catchments for feeding cattle
destined for live export or used as part of a feed pellet used on boats carrying live export cattle.
Forage crops include grasses, both annual and perennial, such as sorghum, Rhodes grass, maize,
and Jarrah grass, with particular cultivars specific for forage. These grass forages require
considerable amounts of water and nitrogen as they can be high yielding (20 to 40 t dry
matter/ha). Given their rapid growth, crude protein levels can drop very quickly, reducing their
value as a feed for livestock. To maintain high nutritive value, high levels of nitrogen need to be
applied and in the case of hay, the crop needs to be cut every 45 to 60 days. The rapid growth of
forage during the late spring and summer months can make it challenging to match animals to
forage growth so that it is kept leafy and nutritious and does not become rank and of low quality.
Dryland hay production from perennials gives producers the option of irrigation when required or,
if water becomes limiting, allowing the pasture to remain dormant before water again becomes
available. Silage can be made from a number of crops, such as grasses, maize and sorghum.
The three crop examples for the hay, forage or silage production (Rhodes grass, sorghum and
maize) have different tolerances to limitations, especially soil wetness conditions and available soil
water storage reflected in the wide range of areas suited to these crops. Assuming unconstrained
development, for Rhodes grass, just over 1 million ha of the Darwin catchments (Figure 4-19) are
considered to be moderately suitable with considerable limitations (Class 3; Table 4-1) or better
(Class 2) for irrigated cropping using spray irrigation in the dry season, whereas maize is
approximately 700,000 ha and forage sorghum 380,000 ha. About 45,000 ha are moderately
suitable with considerable limitations (Class 3) for dry-season furrow irrigation of maize and
25,000 ha for sorghum because it is less tolerant of soil wetness conditions in the clay soils. These
soil wetness conditions reduce the Class 3 area for sorghum and maize furrow irrigation in the wet
season to around 1,000 ha. Approximately 180,000 ha are considered to be moderately suitable
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with considerable limitations (Class 3) or better (Class 2) for irrigated sorghum and maize using
spray irrigation in the wet season, which is reduced to around 15,000 ha for rainfed cropping.
Apart from irrigation infrastructure, the equipment needed for forage production is machinery for
planting and fertilising. Spraying equipment is also desirable but not necessary. Cutting crops for
hay or silage requires more specialised harvesting, cutting, baling and storage equipment.
Table 4-13 describes Rhodes grass production for hay over a 1-year cycle. Information similar to
that in Table 4-13 for grazed forage crops is presented in the companion technical report on
agricultural viability (Ash et al., 2018a).
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Figure 4-19 Modelled land suitability for (a) Rhodes grass and (b) forage sorghum, both grown using spray irrigation
Note that this land suitability map does not take into consideration flooding, risk of secondary salinisation or
availability of water. The methods used to derive the reliability data in the inset map are outlined in Thomas et al.
(2018b).

Figure 4-20 Rhodes grass
Photo: CSIRO
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Table 4-13 Rhodes grass (Chloris gayana)
PARAMETER

DESCRIPTION

Summary

Rhodes grass (Chloris gayana) is a drought tolerant perennial grass with a growth habit of
0.75 to 1.5 m in height. In dryland environments it prefers an annual rainfall of at least
650 mm and it is well-suited to a wide range of soils from light loams to heavy clays.
Rhodes grass has a high leaf to stem ratio for a tropical grass but it can quickly go to seed
if not cut or grazed regularly.
It is able to tolerate moderate levels of flooding and soil salinity. It is being increasingly
used as an irrigated forage in northern Australia because of its high productivity and ease
of establishment.

Growing season

Under irrigation planting from early spring (September) through to autumn, though
growth continues, albeit more slowly, through the cooler dry-season months.

Land suitability assessment

Large areas, ~42% of the catchments, are Class 3 or better for perennial Rhodes grass
under spray irrigation, this drops to 3% under furrow irrigation, indicating the high
permeability of sandier soils and wetness restrictions of clay soils.
The coastal lowlands are limited by potential acid sulfate soils with other low-lying parts
of the catchments seasonally or permanently wet. The extensive uplands are dominated
by excessive slope, rockiness and low soil water storage due to shallow and/or stony soils.
Wet-season cropping is limited by inadequate drainage of the soil profile on heavier soils,
with the clay soils in the upper Adelaide and Mary catchments most suitable for furrow
irrigation.

Irrigation system requirements

Spray, surface, micro

Applied irrigation water (median)

15.0 ML/ha. Assumes perfect timing of irrigation (i.e. no losses).

Crop yield (median)

Irrigated: 30 to 35 t/ha

Salinity tolerance

Moderately tolerant

Downstream processing

Available for direct delivery to end user.

By-products

Potential use in biofuels.

Production risks

Slow to establish without adequate water post sowing. Low frost tolerance.

Rotations

Perennial pasture. Potentially a component of a ley farming system, where crops are
grown in rotation with grass pastures or legumes to disrupt carry-over pest and disease
and improve soil fertility and structure.

Management considerations

Baler, forage cutter. Nitrogen fertiliser may be required to maintain productivity if not
sown with legumes. No significant pests or diseases.

Complexity of management
practices

Low

Markets and emerging markets

Growing demand from northern Australian livestock industry for good-quality forages.

Prices

Primarily for use on-farm. Price received will depend on drought conditions, with higher
prices during dry periods.

Opportunities and risks under a
changing climate

Drought tolerant, with some tolerance of moderate soil salinity (when established).

Further reading

DAFF (2013a)
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Forage legume
The use of forage legumes is similar to that of forage grasses. They are generally grazed by animals
but can also be cut for silage or hay. Some forage legumes are well-suited to the Darwin
catchments, and would be considered among the more promising opportunities for irrigated
agriculture (Figure 4-21).
Forage legumes are desirable because of their high protein content and their ability to fix
atmospheric nitrogen. The nitrogen fixed during a forage legume phase is often in excess of that
crop’s requirements, which leaves the soil with additional nitrogen. Forage legumes are being
used by the northern cattle industry, and farmers primarily engaged in extensive cattle production
could use irrigated forage legumes to increase the capacity of their enterprise, turning out more
cattle from the same area. Cavalcade and lablab are currently grown in northern Australia and
would be well-suited to the Darwin catchments. Cavalcade is already grown in the catchments and
used for grazing and for hay. Hay crops are commonly used as a component of forage pellets that
are used to feed live export cattle in holding yards and on boats during transport.
Assuming unconstrained development, approximately 740,000 ha of the Darwin catchments are
considered to be moderately suitable with considerable limitations (Class 3; Table 4-1) or better
(Class 2) for irrigated forage legumes using spray irrigation in the dry season (Figure 4-21) and
about 170,000 ha for spray irrigation in the wet season on the lighter textured soils. About
50,000 ha are moderately suitable with considerable limitations (Class 3) for dry-season furrow
irrigation occurring on the inland clay soils with negligible areas suitable in the wet season. Only
17,000 ha are moderately suitable with considerable limitations (Class 3) or better (Class 2) for
rainfed cropping due to soil wetness conditions.
The equipment needed for grazed forage legume production is similar to that for forage grasses,
that is, a planting method, with fertilising and spraying equipment being desirable but not
essential. Cutting crops for hay or silage requires more specialised harvesting, cutting, baling and
storage equipment.
Table 4-14 describes Cavalcade production over a 1-year cycle. The comments could be applied
equally to lablab production.
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Figure 4-21 Modelled land suitability for lablab using spray irrigation in (a) the dry season and (b) the wet season
Note that this land suitability map does not take into consideration flooding, risk of secondary salinisation or
availability of water. The methods used to derive the reliability data in the inset map are outlined in Thomas et al.
(2018b).

Figure 4-22 Lablab
Photo: CSIRO
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Table 4-14 Cavalcade (Centrosema pascuorum ‘Cavalcade’)
PARAMETER

DESCRIPTION

Summary

Cavalcade is an annual or short-lived perennial, twining legume, which is widely
adapted to grazing, hay production and green manure. It is used in mixed cropping and
livestock systems and sometimes as a legume ley in cropping systems to address soil
fertility.
It is adapted to a wide range of soils and is able to survive prolonged waterlogging and
partial submersion on the seasonally flooded coastal plains of the Top End of the NT. It
can also tolerate high internal moisture deficits during droughts.

Growing season

Under irrigation, planting from March/April and grown until October/November or for a
few years as a short-lived perennial. If grown perennially it requires periodic
renovation.

Land suitability assessment

In Figure 4-21 the suitability for lablab is shown at around 25% of the catchments for
spray irrigation in the dry season, a similar area to what is expected of Cavalcade. Wetseason spray irrigation of lablab with Class 3 or better is limited to only 6% but with
Cavalcade more tolerant of prolonged waterlogging, larger areas of the catchments are
expected to be suitable.
The coastal lowlands are limited by potential acid sulfate soils with other low-lying parts
of the catchments seasonally or permanently wet. The extensive uplands are
dominated by excessive slope, rockiness and low soil water storage due to shallow
and/or stony soils. Wet-season cropping is limited by inadequate drainage of the soil
profile on heavier soils with the clay soils in the upper Adelaide and Mary catchments
most suitable for furrow irrigation.

Irrigation system requirements

Spray, surface, micro

Applied irrigation water (median)

Approximately 5 ML/ha

Crop yield (median)

Dryland: 4 t/ha
Irrigated: 8 t/ha (estimate)

Salinity tolerance

Moderately sensitive

Downstream processing

Available for direct delivery to end user.

By-products

Biomass for stock feed, potential use in biofuels.

Production risks

Timing of crop establishment to avoid high temperature stress at flowering and to
maximise harvesting outside of major rainfall periods. Does not tolerate heavy grazing.

Rotations

Annual rotation, break crop in cotton or sugar rotation

Management considerations

Baler, forage cutter

Complexity of management
practices

Low

Markets and emerging markets

Growing demand from northern Australian livestock industry for good-quality forages.

Prices

Primarily used on-farm.

Opportunities and risks under a
changing climate

Drought tolerant (when established). Provides additional soil nitrogen in crop rotation.

Further reading

Clements (1990)
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4.5.6

INDUSTRIAL (COTTON)

Dryland and irrigated cotton production are well-established in Australia. The area of land devoted
to cotton production varies widely from year to year, largely in response to availability of water.
Assuming unconstrained development, on average 320,000 ha is planted each year, though this
has varied from about 70,000 to almost 600,000 ha over the last 20 years. Gross value of
production varies greatly; it was $2.5 billion in 2016–17 and $2.95 billion in 2011–12 as a
consequence of favourable La Niña crop growing conditions and abundant irrigation supplies
(ABARES, 2018). Genetically modified (GM) cotton varieties were introduced in 1996 and account
for 98% of cotton produced in 2016. Australia was the fourth largest exporter of cotton in 2015.
Cottonseed is a by-product of cotton processing and is a valuable cattle feed. Mean lint production
in 2015–16 was 2.25 t/ha (ABARES, 2018).
Commercial cotton has had a long but discontinuous history of production in northern Australia,
including in Broome, the Fitzroy River and the Ord River Irrigation Area in WA; in Katherine and
Douglas–Daly in the NT; and near Richmond and Bowen in northern Queensland. An extensive
study undertaken by the Australian Cotton Cooperative Research Centre in 2001 (Yeates, 2001)
noted that past ventures suffered from:
• a lack of capital investment
• too rapid movement to commercial production
• a failure to adopt a systems approach to development
• climate variability.
Mistakes in pest control were also a major issue in early projects. Since the introduction of GM
cotton in 1996, yields and incomes from cotton crops have increased in most regions of Australia.
The key benefits of GM cotton (compared to conventional cotton) are savings in insecticide and
herbicide use, and improved tillage management. In addition, farmers are now able to forward-sell
their crop as part of a risk management strategy.
Research and commercial test farming have demonstrated that the biophysical challenges are
manageable if the growing of cotton is tailored to the climate and biotic conditions of northern
Australia (Yeates et al., 2013). In recent years irrigated cotton crops achieving 10 bales/ha have
been grown successfully in the Burdekin irrigation region and experimentally in the Gilbert
catchment of north Queensland. New GM cotton using CSIRO varieties that are both pest and
herbicide resistant are an important component of these northern cotton production systems.
Climatic constraints will continue to limit production potential of northern cotton crops when
compared to cotton grown in more favourable climatic regions of NSW and Queensland. On the
other hand, the low risk of rainfall occurring during late crop development favours production in
northern Australia, as it minimises the likelihood of late season rainfall that can downgrade fibre
quality and price. Demand for Australian cotton exhibiting long and fine attributes is expected to
increase by 10 to 20% of the market during the next decade and presents local producers with an
opportunity in targeting production of high-quality fibre.
Assuming unconstrained development, approximately 705,000 ha of the Darwin catchments are
considered to be moderately suitable with considerable limitations (Class 3; Table 4-1) or better
(Class 2) for irrigated cotton cropping using spray irrigation in the dry season and about
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180,000 ha for spray irrigation in the wet season (Figure 4-23). About 45,000 ha are moderately
suitable with considerable limitations (Class 3) for dry-season furrow irrigation occurring on the
inland clay soils, and a much lesser extent for wet-season furrow irrigation at approximately
1,000 ha due to inadequate soil drainage. There is potential for dryland cotton production in the
wet season on about 17,000 ha although not in large contiguous areas.
In addition to a normal row planter and spray rig equipment used in cereal production, cotton
requires access to suitable picking and module or baling equipment as well as transport to
processing facilities. Initial development costs and scale of establishing cotton production in the
catchments would need to consider sourcing of external contractors and could provide an
opportunity to develop local contract services to support a growing industry.
Cotton production is also highly dependent on access to processing plants (cotton gins). There are
no processing facilities in the NT, and the nearest gin is in Emerald, approximately 2600 km by
road, which would make cotton production uneconomic. There may be opportunities to export
raw cotton via ship to Asia if highly competitive transport costs could be negotiated.
The high oil and protein content of cottonseed, a co-product of the ginning process, is a profitable
source of oil for domestic and export markets and local stock feed. Cottonseed contains about
20% crude protein and is a major component in drought feeding when mixed with molasses or
grain. Regional processing of cotton could supply local cattle producers with a cost-effective highquality feed supplement.
Other industrial crops such as tea and coffee are unlikely to yield well in the Darwin catchments.
Niche industrial crops, such as guar and chia, may be feasible for the Darwin catchments, but there
is only limited verified agronomic and market data on these crops. Past research on guar has been
conducted in the NT and current trials are underway. These could prove feasible in the future. The
companion technical report on agricultural viability (Ash et al., 2018a) provides greater detail for a
wider range of industrial crops.
Table 4-15 describes some key considerations relating to cotton production.
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Figure 4-23 Modelled land suitability for cotton grown in the wet season using (a) spray irrigation and (b) furrow
irrigation
Note that this land suitability map does not take into consideration flooding, risk of secondary salinisation or
availability of water. The methods used to derive the reliability data in the inset map are outlined in Thomas et al.
(2018b).

Figure 4-24 Cotton
Photo: CSIRO
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Table 4-15 Cotton (Gossypium spp.)
PARAMETER

DESCRIPTION

Summary

Cotton is a shrub native to some tropical and sub-tropical regions, producing 32% (in
2009) of the world’s fibre production. Australian cotton production is small compared
with production in the USA and Israel. However, due to a favourable climate during the
growing season, Australia is recognised (along with Egypt) as currently producing the
world’s best cotton. A high proportion of Australian cotton (84% in 2005–06) is
produced under irrigation with rainfed (dryland) crops sown into stored soil water
resulting from traditional fallowing processes. Cotton is marketed on qualities of grade,
colour and fibre length.
Cotton can be grown on the majority of deep arable soils with adequate rainfall or
supplementary irrigation. CSIRO GM cotton has been successfully grown in the
catchment of the Gilbert River and is currently grown in the catchment of the Burdekin
River.

Growing season

Planting window December to February, maturity May to July

Land suitability assessment

Land suitability for cotton is highly dependent on season of planting and type of
irrigation. While 24% of the catchments are Class 3 or better for spray irrigation in the
dry season, this drops to 1.5% under furrow irrigation. Wet-season spray irrigation is
limited to only 6% of the catchments and there are no areas potentially suitable for
wet-season furrow. Less than 1% is Class 3 for rainfed (dryland) although opportunistic
use after good wet seasons may allow a greater area in some years.
The coastal lowlands are limited by potential acid sulfate soils with other low-lying parts
of the catchments seasonally or permanently wet. The extensive uplands are
dominated by excessive slope, rockiness and low soil water storage due to shallow
and/or stony soils. Wet-season cropping is limited by inadequate drainage of the soil
profile on heavier soils with the clay soils in the upper Adelaide and Mary catchments
most suitable for furrow irrigation.

Irrigation system requirements

Spray, surface, micro

Applied irrigation water (median)

4.0 ML/ha (wet-season crop); 5.3 ML/ha (dry-season crop). Assumes perfect timing of
irrigation (i.e. no losses). The water balance component of the APSIM cotton model has
not been validated for northern Australia and the model outputs are likely to be
underestimated. For this reason, the applied irrigation water values for cotton have
been based on similar summer-grown crops (sorghum (grain)). More work is required
for validating the cotton model in the tropics.

Crop yield (median)

Dryland: 3.5 bales/ha
Irrigated: 9.8 bales/ha (wet-season crop); 10.2 bales/ha (dry-season crop)

Salinity tolerance

Tolerant – ECe Threshold for yield decline 7.7 dS/m

Downstream processing

Cotton gin

By-products

Cottonseed for stock feed

Production risks

Early frost, prolonged water logging, reduced radiation due to cloud cover

Rotations

High potential for annual rotation

Management considerations

Picker, row crop planter, spray rig (pest control), fertiliser

Complexity of management practices

High

Markets and emerging markets

Price is influenced by international commodity markets. Australia is one of the world’s
largest exporters of raw cotton, with more than 90% of production exported, mainly to
Asian spinning mill customers. China, Indonesia, Thailand, South Korea, Japan, Taiwan,
Pakistan and Italy are the main buyers. Cotton growers have the option of delivering
their cotton directly to a processor or having it marketed by an independent merchant.
There are several pricing options available, including forward contracts.

Prices

Currently approx. $450/bale

Opportunities and risks under a
changing climate

Seasonal climate variability, water availability for irrigation

Further reading

DAFF (2012a)
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4.5.7

INDUSTRIAL (SUGARCANE)

Sugar production is well-established in Queensland, which produces approximately 95% of the
Australian crop. Sugarcane was grown around Darwin in the late 1800s but was never established
as a successful industrial crop. It was grown in the Ord River Irrigation Area until 2007. There is
approximately 370,000 ha of cane grown annually in Australia, supplying 24 mills that produce
approximately 4.4 Mt of sugar. The gross value of production is approximately $1.8 billion.
Sugarcane is classified as an industrial crop in the Assessment because it requires a local
processing facility. It is estimated that at least 30,000 ha are required for a sugar mill to be
economically viable. As a consequence, sugarcane is considered to be a promising crop only where
large areas of suitable irrigable land are available. Given the high costs of transport of harvested
cane per unit of sugar produced, it can only be economically transported relatively short distances.
If a production area was to be established around Darwin, then local processing facilities would be
required.
Assuming unconstrained development, approximately 940,000 ha of the Darwin catchments are
considered to be moderately suitable with considerable limitations (Class 3; Table 4-1) or better
(Class 2) for irrigated sugarcane cropping using spray irrigation in the dry season. About 85,000 ha
are moderately suitable with considerable limitations (Class 3) for dry-season furrow irrigation
(Figure 4-25) on the inland clay soils.
It may be useful to explore the theoretical upper limits of sugarcane production in the Darwin
catchments. Dryland sugarcane production is not feasible. Economic production would require
continual irrigation throughout the dry season.
Equipment required for growing sugarcane is mostly industry-specific, with only tillage, spraying
and some fertiliser equipment, such as used on other crops. Specialised planting, row formation,
and harvesting equipment is required, but most farmers use contract harvesting, and many also
use contract planters. At least 10 to 12 contract harvesters would be needed to service the
minimum 30,000 to 40,000 ha of sugarcane required to support a viable sugar mill.
Table 4-16 describes some key considerations relating to sugarcane production.
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Figure 4-25 Modelled land suitability for sugarcane grown using (a) spray irrigation and (b) furrow irrigation
Note that this land suitability map does not take into consideration flooding, risk of secondary salinisation or
availability of water. The methods used to derive the reliability data in the inset map are outlined in Thomas et al.
(2018b).

Figure 4-26 Sugarcane
Photo: CSIRO
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Table 4-16 Sugarcane (Saccharum)
PARAMETER

DESCRIPTION

Summary

Sugarcane is a tall tropical and sub-tropical perennial grass supplying 80% of the world’s
sugar production. Australia is the 3rd largest raw sugar producer, milling about 4 to 4.5 Mt
raw sugar annually. Depending on the local conditions, sugar is usually harvested between
July and November and allowed to regrow (ratoon) for a further 3 to 4 years.
Sugarcane can be grown on the majority of well-structured arable soils, with a preference for
free-draining soils. Acid sulfate soils can present management problems.

Growing season

Sugarcane is grown from 12 to 16 months before harvesting. A plant crop of 15 to 16 months
is followed by four ratoon crops of 12 months. Harvesting occurs between June and
December.

Land suitability assessment

While 32% of the catchments are Class 3 or better for spray irrigation in the dry season, this
drops to 3% under furrow irrigation occurring on the inland clay soils.
The coastal lowlands are limited by potential acid sulfate soils with other low-lying parts of
the catchments seasonally or permanently wet. The extensive uplands are dominated by
excessive slope, rockiness and low soil water storage due to shallow and/or stony soils. Wetseason cropping is limited by inadequate drainage of the soil profile on heavier soils with the
clay soils in the upper Adelaide and Mary catchments most suitable for furrow irrigation.

Irrigation system requirements

Spray, surface, micro

Applied irrigation water
(median)

9.3 ML/ha (May sowing, September harvest). Assumes perfect timing of irrigation (i.e. no
losses).

Crop yield (median)

Irrigated: 109 t/ha (May planting, September harvest). Break-even crop yield 32 t/ha,
assuming local processing.

Salinity tolerance

Moderately sensitive – ECe threshold for yield decline 1.7 dS/m

Downstream processing

Requires local processing soon after harvest.

By-products

Molasses, bagasse, ethanol. Ash and filter mud as a source of fertiliser

Production risks

Significant production losses occur if sugarcane is flooded for prolonged periods when less
than 1 m tall. Productivity can be affected by rats, pigs, cane grubs and insects. Exotic pests
and diseases present a significant threat to the sugarcane industry.

Rotations

5-year rotation (one plant and four ratoon crops). Can be sown in rotation with a legume
crop, such as soybean.

Management considerations

Header, row crop planter, spray rig (pest control). Permits may be required for burning.

Complexity of management
practices

Medium

Markets and emerging markets

Sugarcane is one of Australia's most important industries, worth $1.7 to $2.0 billion.
Increasing demand from developing nations in South-East and southern Asia. More than 80%
of all sugar produced in Australia is exported as bulk raw sugar, with key export markets
including South Korea, Indonesia, Japan and Malaysia. Returns to producers are determined
primarily by the world futures price for sugar but are also influenced by the level of the
Australian dollar, regional sugar premiums, and the costs for marketing and transporting the
product.

Prices

Currently approximately $400/t of sugar, which converts to a price of around $35/t of
sugarcane

Opportunities and risks under a
changing climate

Reduced water availability in a drier climate will reduce yields.

Further reading

Canegrowers (2017), DAFF (2012b)
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4.5.8

INTENSIVE HORTICULTURE

Intensive horticulture is an important and widespread Australian industry, occurring in every state,
particularly close to capital city markets. It is something of a ‘sleeping giant’ of Australian
agriculture, employing approximately one-third of all people employed in agriculture, and having a
farm gate value of approximately $10 billion (out of a total of about $28 billion for all Australian
crops in 2015–16) (ABARES, 2018).
Production is highly seasonal and often involves the growth on a particular farm of a wide range of
crops. The importance of freshness in many horticultural products means seasonality of supply is
important in the market. The Darwin catchments have advantages in that that they can supply
southern markets ‘out of season’. This requires a heightened understanding of risks, markets,
transport and supply chain issues. Intensive horticulture is already widely practised in the Darwin
catchments, with an emphasis on Asian vegetable and melon production, with $39 million in
production in 2015 (NT Farmers Association, 2016).
Most Asian vegetable production goes to Asian wholesalers in Sydney and Melbourne. Local
farmers have expanded into traditional vegetables like Lebanese cucumber and tomato and into
intensive protected crop systems under shadecloth and hydroponics. Production is from
smallholders, with around 100 small farms, some less than 10 ha. Almost all is shipped through
two freight consolidators set up to handle small shipments. Melon production involves larger
producers who freight product directly from the farm to southern markets.
The Assessment provides details on a subset of the horticultural crops possible in the catchments.
Large areas of the Darwin catchments are suitable for dry-season trickle- and spray-irrigated
intensive horticulture including Asian vegetables, asparagus, capsicum, chilli and cucurbits.
Assuming unconstrained development, approximately 960,000 ha are considered to be
moderately suitable with considerable limitations (Class 3; Table 4-1) for trickle irrigation in the
dry season (Figure 4-27) and a slightly lower area of 910,000 ha suitable for spray irrigation,
reflecting trickle irrigation to be more efficient on sandier soils. Cucurbits, snake beans and sweet
corn considered in the wet season are moderately suitable with considerable limitations (Class 3)
or better (Class 2) for 175,000 ha with trickle irrigation and 170,000 ha using spray irrigation.
There is potential for wet-season rainfed (dryland) cropping on an opportunistic basis.
Horticulture typically requires specialised equipment and a large labour force. Therefore, a system
for attracting, managing and retaining sufficient staff is also required. Harvesting is often by hand,
but packing equipment is highly specialised. Irrigation is with micro equipment, but overhead
spray is also feasible. Leaf fungal diseases need to be more carefully managed with spray
irrigation. Micro spray equipment has the advantage of also being a nutrient delivery (fertigation)
mechanism, as fertiliser can be delivered via the irrigation water
Table 4-17 describes some key considerations relating to Asian vegetable production, as an
exemplar of those relating to horticultural production more broadly.
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Figure 4-27 Modelled land suitability for (a) cucurbits (e.g. rockmelon) in the wet season using trickle irrigation and
(b) Asian vegetables in the dry season using trickle irrigation
Note that this land suitability map does not take into consideration flooding, risk of secondary salinisation or
availability of water. The methods used to derive the reliability data in the inset map are outlined in Thomas et al.
(2018b).

Figure 4-28 Asian vegetables in the Darwin catchments
Photo: CSIRO
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Table 4-17 Asian vegetables
PARAMETER

DESCRIPTION

Summary

Asian vegetables include Lebanese cucumber, bitter melon, hairy melon, long melon,
okra and snake beans. Production is mostly over the dry season from April to
November. While yields are often modest, prices received are high.

Growing season

Mostly over the dry season from April to November.

Land suitability assessment

A selection of horticultural crops and irrigation types have been provided in the
Assessment and suitability varies across crop, season of planting and type of irrigation.
While 33% of the catchments are Class 3 or better for Asian vegetables under trickle
irrigation in the dry season, due to the erosion limitation this drops to 6% during the
wet season using cucurbit as an example in Figure 4-27.
The coastal lowlands are limited by potential acid sulfate soils with other low-lying
parts of the catchments seasonally or permanently wet. The extensive uplands are
dominated by excessive slope, rockiness and low soil water storage due to shallow
and/or stony soils. Wet-season cropping is limited by inadequate drainage of the soil
profile on heavier soils with the clay soils in the upper Adelaide and Mary catchments
most suitable for furrow irrigation.

Irrigation system requirements

Micro, spray

Salinity tolerance

Range from moderately sensitive to tolerant – ECe threshold for yield decline 1.7 dS/m

Downstream processing

Requires local processing soon after harvest. Rapid transport and cooling of fresh
market crops is important to maintain quality.

By-products
Production risks

Pests and diseases

Rotations

As Asian vegetables are grown mostly in the dry season, a wet-season manure crop is
recommended.

Management considerations

Cultivation equipment, spray rig, fertiliser, insect pest control (chemical resistance).
There is a high labour requirement for weeding, harvesting, grading and packing.

Complexity of management practices

Medium

Markets and emerging markets

Most production goes to Asian wholesalers in Sydney and Melbourne. Some farmers
have recently expanded into traditional vegetables like Lebanese cucumber and
tomato, as well as intensive protected crop systems under shadecloth and
hydroponics. Almost all is shipped through two freight consolidators set up to handle
small shipments. Some of these products have very exacting temperature
requirements for the 4-day freight to market and losses in sensitive products can be
high.

Prices

Prices vary greatly depending on current supply and demand.

Opportunities and risks under a
changing climate

A drier climate may allow a longer growing period but there will be trade-offs with
higher temperatures.

Further reading

NT Farmers Association (2016)
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4.5.9

PLANTATION TREE CROPS

Of all the potential plantation tree species available to be grown in the Darwin catchments, African
mahogany and Indian sandalwood are the only two that would be considered economically
feasible. Many other plantation species could be grown; however, returns are much lower than for
these two crops. African mahogany is well-established in plantations near Katherine and Indian
sandalwood is being grown in the Ord valley, around Katherine and in north Queensland. The first
commercial crops of Indian sandalwood are being harvested and over that 16-year period, many
agronomic challenges have been solved.
Plantation timber species require over 15 years to grow, but once established can tolerate
prolonged dry periods. Irrigation water is critical in the establishment and first 2 years of a
plantation. In the case of Indian sandalwood, the provision of water is not just for the trees
themselves but the leguminous host plant associated with Indian sandalwood, as it is a semiparasite.
Depending on the specific tree species being planted and their tolerance to poorly drained soils
and waterlogging, the suitable areas vary considerably. Assuming unconstrained development,
approximately 1 million ha of the Darwin catchments are considered to be moderately suitable
with considerable limitations (Class 3; Table 4-1) or better (Class 2) for trickle irrigation with Indian
sandalwood about 800,000 ha and teak 600,000 ha (Figure 4-29). Negligible areas are suitable for
furrow irrigation.
Cyclones are a significant risk to long cycle tree crops and there is a reasonably high risk of
cyclones in the Darwin catchments.
Areas of the Darwin catchments that are considered suitable (Class 2 and 3) for Indian sandalwood
are shown in Figure 4-29. Table 4-18 describes Indian sandalwood production.
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Figure 4-29 Modelled land suitability for Indian sandalwood grown using (a) mini spray or (b) furrow irrigation
Note that this land suitability map does not take into consideration flooding, risk of secondary salinisation or
availability of water. The methods used to derive the reliability data in the inset map are outlined in Thomas et al.
(2018b).

Figure 4-30 Indian sandalwood and host plant
Photo: CSIRO
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Table 4-18 Indian sandalwood (Santalum album)
PARAMETER

DESCRIPTION

Summary

Sandalwood is a medium-sized, hemiparasitic tree grown for its aromatic wood and
essential oils. The key product of value from sandalwood trees is the heartwood, which
contains most of the oil and scented wood. Heartwood starts to develop when the tree is
about 10 years old, with the proportion of heartwood (and value of the plantation)
increasing with age after that time. Commercially viable sandalwood can take at least
15 years to reach harvestable maturity, but many plantations are not harvested for 20 to
35 years. Large areas of Indian sandalwood have been planted in the Ord River Irrigation
Area, with some plantations reaching maturity in 2013.
Production risks are mostly associated with the long period of time from planting to
harvest, and uncertainty about the market for sandalwood in 20 years.

Land suitability assessment

While 28% of the catchments are suitable (Class 3) or better for Indian sandalwood under
mini spray irrigation, this drops to less than 1% for furrow irrigation as Indian sandalwood
is susceptible to poorly drained soils and waterlogging and the lighter textured soils are
too permeable.
The coastal lowlands are limited by potential acid sulfate soils with other low-lying parts of
the catchments seasonally or permanently wet. The extensive uplands are dominated by
excessive slope, rockiness and low soil water storage due to shallow and/or stony soils.
Cyclones are also a risk to tree crops closer to the coast.

Irrigation system requirements

Surface, micro

Irrigation demand

6 ML/ha

Crop yield (median)

Heartwood 8 to 10 t/ha at 15 years, with oil 2 to 7% of heartwood

Salinity tolerance

Unknown

Downstream processing

Sandalwood can be processed in Australia or exported overseas for oil extraction.

By-products

Spent pulp after oil extraction is available for production of incense. Sandalwood nuts are
edible, but there may also be potential markets in the cosmetics industry. The host plants
may be harvested for timber or biofuels.

Production risks

Long length of time between planting and harvest. Termites can significantly reduce the
yields of plantations. Synthetic and biosynthetic sandalwood oil is the greatest threat to
the Australian sandalwood industry.

Rotations

Perennial tree crop not suited for rotation with other species. Sandalwood requires a host
plant to supply water and nutrients.

Management considerations

Harvesting is usually done by contractors. May require several hosts during the lifespan of
the tree. The first host is usually a herbaceous plant (e.g. Alternanthera) introduced to the
container-grown sandalwood 1 month prior to planting. The second short-term host aims
to produce rapid sandalwood growth and will die 2 to 4 years after establishment (e.g.
Sesbania formosa). A long-term host (e.g. Cathormion umbellatum) supports the
sandalwood over its production life. These hosts are planted at the same time as the
sandalwood.
Host species also need to be suited to local soil type and climate. Two to three host trees
are required per sandalwood tree. Using several species of host plants will minimise risks
from pests and diseases.
Weed control is important and must use methods that do not negatively impact the
sandalwood or host plant.

Complexity of management
practices

Medium

Markets and emerging markets

Globally, sandalwood is highly valued due to the presence of unique aromatic substances
in the heartwood, and it is important to certain cultures and religions.
The incense industry is the largest consumer of sandalwood material. High prices are paid
for good-quality timber suitable for carving, but the proportion of such material is low.
The next most valuable product is the oil, which is the main driver of international trade
and is sought after for high-value end uses such as perfumery.
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PARAMETER

DESCRIPTION

The traditional markets of Taiwan, Hong Kong and China are the biggest consumers of
sandalwood.
Prices

Prices have increased over the past decade in response to a steady decline in worldwide
supply.

Opportunities and risks under a
changing climate

Can take advantage of soil water at any time of year.
Planting several species of sandalwood and host plants together makes the plantation
more resilient to climate change.
Sandalwood trees are not fire tolerant.

Further reading

Forest Products Commission Western Australia (2008), Clarke (2006), Brand et al. (2012)
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4.5.10

TREE CROPS (FRUIT)

Some fruit and tree crops – such as mangoes, bananas and cashews – are well-suited to the
climate of the Darwin catchments and are already grown within the catchments. Other species
such as avocado and lychee are not likely to be as well-adapted to the climate and soils. Tree crops
are generally not well-suited to cracking clays, which make up some of the suitable soils for
irrigated agriculture in the Darwin catchments.
Fruit production shares many of the marketing and risk features of intensive horticulture such as a
short season of supply and highly volatile prices as a result of highly inelastic supply and demand.
Managing these issues requires a heightened understanding of risks, markets, transport and
supply chain issues. However, fruit and nut tree production has been growing rapidly in Australia
and in 2015–16, gross value of production was $4.74 billion out of a total value of $11.3 billion for
horticulture in Australia (Horticulture Innovation Australia, 2017).
The perennial nature of tree crops makes a reliable year-round supply of water essential.
However, some species, such as mango and cashew, can survive well under mild water stress until
flowering (generally August to October for most fruit trees). It is critical for optimum fruit and nut
production that trees are not water stressed from flowering through to harvest. This is the period
approximately from August up to November through to February, depending on the species. This
is a period in the Darwin catchments when very little rain falls, and farmers would need to have a
system in place to access irrigation water during this time.
Depending on the specific fruit tree crops being planted, somewhere between 500,000 ha and
800,000 ha of the Darwin catchments are considered to be moderately suitable with considerable
limitations (Class 3; Table 4-1) or better (Class 2), assuming unconstrained development. Trickle
and mini spray irrigation (Figure 4-31) are more efficient on the sandier soils, showing larger areas
of suitable land than the spray-irrigated tree crops. Avocado, approximately 140,000 ha, and
papaya, 500,000 ha, are suited to a lesser extent because they are susceptible to inadequate soil
drainage.
Specialised equipment for fruit and nut tree production is required. The requirement for a timely
and significant labour force necessitates a system for attracting, managing and retaining sufficient
staff. Tree pruning and packing equipment is highly specialised for the fruit industry. Optimum
irrigation is usually via micro spray. This equipment is also able to deliver fertiliser directly to the
trees through fertigation.
Table 4-19 describes some key considerations relating to mango production in the Darwin
catchments, as an exemplar of those relating to tree crop production more broadly. Similar
information for other fruit tree crops is described in the companion technical report on
agricultural viability (Ash et al., 2018a).
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Figure 4-31 Modelled land suitability for (a) mango and (b) banana, both grown using trickle irrigation
Note that this land suitability map does not take into consideration flooding, risk of secondary salinisation or
availability of water. The methods used to derive the reliability data in the inset map are outlined in Thomas et al.
(2018b).

Figure 4-32 Mangoes
Photo: Shutterstock
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Table 4-19 Mango (Mangifera indica)
PARAMETER

DESCRIPTION

Summary

Mangoes are one of the major horticultural crops grown in Australia and around
6000 ha are currently grown in the NT. The main production areas are around Darwin
and Katherine.

Growing season

Mango harvests start in September in the Darwin catchments and extends to the end
of November – depending on variety.

Suitable soils

Trickle and mini spray irrigation of mangoes is suitable (Class 3) or better for 26% of
the catchments occurring on a range of soil types, predominantly lighter clay to sandy
soils.
The coastal lowlands are limited by potential acid sulfate soils with other low-lying
parts of the catchments seasonally or permanently wet. The extensive uplands are
dominated by excessive slope, rockiness and low soil water storage due to shallow
and/or stony soils. Wet-season cropping is limited by inadequate drainage of the soil
profile on heavier soils with the clay soils in the upper Adelaide and Mary catchments
most suitable for furrow irrigation. Cyclones are also a risk to tree crops closer to the
coast.

Irrigation system requirements

Micro, need capacity to apply up to 0.3 ML/ha per week in peak demand

Applied irrigation water (median)

5 to 7 ML/ha

Crop yield (median)

Irrigated: 7 t/ha Kensington Pride, 15 to 20 t/ha PVR (e.g. Calypso)

Salinity tolerance

Sensitive

Downstream processing

Requires local processing soon after harvest. Unripe fruits are used in pickles, chutneys
and salads. Ripe fruits can be eaten fresh or frozen, or can be dehydrated, canned or
made into products such as jams and juices.

By-products

None

Production risks

Susceptible to cold and frost. Many varieties have irregular yields, with a heavy crop
one year followed by several lighter crops.

Rotations

Perennial tree crop not suited for rotation. Could be planted for alley cropping.

Management considerations

Packing equipment, harvest aids. A wide range of climate zones in northern Australia
provides opportunities to maintain a sustained period for supplying the domestic
market. The two most common varieties grown in the NT are Kensington Pride and
Calypso, while other varieties are grown on a limited scale to extend seasonal
availability or supply niche markets.

Complexity of management practices

Medium

Markets and emerging markets

The majority of fruit are sold on the domestic market with only a small amount
exported.

Prices

Highly variable depending on timing.

Opportunities and risks under a
changing climate

Increasing opportunity to supply processed market for canned mango, juice and
flavoured products.

Further reading

Johnson and Parr (2000), DAFF (2013b)
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4.6 The opportunity for more intensive aquaculture in northern Australia
4.6.1

INTRODUCTION

Based on the natural advantages that northern Australia possesses in terms of political stability,
proximity to large global markets, and a climate suited to farming of valuable tropical species, and
through the large areas identified as suitable for aquaculture in the three study areas (as shown
below), there appears considerable opportunity for aquaculture development in northern
Australia (see the companion technical report on aquaculture viability (Irvin et al., 2018)).
While challenges to the development and operation of aquaculture enterprises do present in
terms of regulatory barriers, global cost competitiveness, and the remoteness of much of the
available land area, the potential to exploit the natural advantages of northern Australia and
develop modern and sustainable aquaculture industries appears a compelling opportunity.
The text below considers the most likely candidate species, an overview of production systems
and the prospects for integrating aquaculture with agriculture. Information on biodiversity is
provided in Chapter 7. Farm scale and scheme scale economics for an intensive and extensive
prawn farm and for a barramundi farm are found in Chapter 6 and in the Development Examples
Report (Petheram et al., 2018).

4.6.2

CANDIDATE SPECIES

There are a number of candidate species for aquaculture in northern Australia including black tiger
prawns (Penaeus monodon), banana prawns (Fenneropenaeus merguiensis), barramundi (Lates
calcarifer), red claw (Cherax quadricarintus), marron (Cherax tenuimanus), cobia (Rachycentron
canadum), silver perch (Bidyanus bidyanus), Murray cod (Maccullochella peelii peelii), jade perch
(Scortum barcoo) and oysters.
However, for a range of reasons, the most appropriate species for considering aquaculture
potential in the Darwin catchments are black tiger prawns (Figure 4-33), barramundi (Figure 4-34)
and red claw. The first two species are suited to many marine and brackish water environments of
northern Australia and have established land-based culture practices and well-established markets
for harvested products. Prawns could potentially be cultured in either extensive (low density, low
input) or intensive (higher density, higher inputs) pond-based systems in northern Australia,
whereas land-based culture of barramundi would likely be intensive. The red claw crayfish is
another potential candidate, for fresh water, that is currently cultured by a much smaller industry
than the previous two species.
Black tiger prawns are found naturally at low abundances across the waters of the Western IndoPacific region, with wild Australian populations making up the southernmost extent of the species.
Within Australia, the species is most common in the tropical north, but does occur at lower
latitudes.
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Figure 4-33 Black tiger prawns
Photo: CSIRO

Barramundi are one of Australia’s most recognisable and highly prized sporting and eating fish. Its
iconic status coupled with excellent palatability has created significant recreational and
commercial fishing industries in northern Australia as well as making it the most highly produced
and valuable tropical fish species in Australian aquaculture. Barramundi inhabit the tropical north
of Australia from the Exmouth Gulf in WA through to the Noosa River on Queensland’s east coast.
While the term ‘barramundi’ or ‘barra’ is used to describe the species in Australian waters, it is
also commonly known as the ‘Asian sea bass’ or ‘giant sea perch’ throughout its natural areas of
distribution in the Persian Gulf, the Western Indo-Pacific region and Southern China (Schipp et al.,
2007).
Barramundi have many attributes that make them an excellent aquaculture candidate: fast growth
(1 kg or more in 12 months); year-round fingerling availability; well-established production
methods; and hardiness (i.e. they have a tolerance to low oxygen levels, high stocking densities
and handling as well as a wide range of temperatures) (Schipp et al., 2007). Possibly the most
attractive attribute is that barramundi are euryhaline, and so able to thrive and be cultured in
fresh and marine water, although freshwater barramundi can have an earthy flavour that is not
favoured by Australian consumers. Proper final preparation such as purging (holding in clean
saltwater without feed) prior to final harvest can assist in removing these flavours.
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Figure 4-34 Barramundi
Photo: CSIRO

There are over 100 species of freshwater crayfish in Australia. The main species of commercial
interest in northern Australia is red claw. The name ‘red claw’ is derived from the distinctive red
markings present on the claws of the male crayfish. Red claw is a warm water species, which
inhabits still or slow-moving water bodies. The natural distribution of red claw ranges from the
tropical catchments of Queensland and the NT to southern New Guinea.
Red claw have many traits that make them attractive for aquaculture production. A simple life
cycle is beneficial, in that complex hatchery technology is not required (Jones et al., 1998). The
crayfish can survive in high temperature and oxygen depleted water (<2 mg/L) and remain out of
the water for extended periods. Low oxygen is a major stressor to most aquatic species. The ability
of red claw to tolerate low oxygen levels is beneficial in terms of handling, grading and transport
(Masser and Rouse, 1997). Red claw have a broad thermal tolerance, with optimal growth
achievable between 23 and 31 °C.

4.6.3

GENERAL PRODUCTION SYSTEMS

Overview
Aquaculture production systems can be broadly classified into extensive, semi-intensive and
intensive systems. Intensive systems require high inputs, with expected high outputs. They require
high capital outlay; high running costs; specially formulated feed; specialised breeding, water
quality and biosecurity processes; and high production per hectare (in the order of 5,000 to
20,000 kg/ha per crop). Recirculating aquaculture systems using indoor tanks are an example of
intensive systems but were not considered for the study area. Semi-intensive systems involve
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stocking seed from a hatchery, routine provision of a feed, and monitoring and management of
water quality. Production is typically 1000 to 5000 kg/ha per crop. Extensive systems are
characterised by low inputs and low outputs. They require less sophisticated management and
often require no supplementary feed because the farmed species live on naturally produced feed
in open air ponds. Extensive systems produce about half the volume of global aquaculture
production. There are few examples of commercial extensive systems in Australia although there
are many non-commercial examples, such as farm dams stocked with yabbies.
Water salinity and temperature are the key parameters that determine species selection and
production potential for any given location. Most species can survive a broad range of
temperatures. However, optimal production only occurs within a much narrower temperature
range, and farming profitability is driven by the optimality of water temperature. Suboptimal
water temperature (even within tolerable limits) will prolong the production season (slow growth)
and increase the risk of disease.
Pond types
The primary culture unit for land-based farming is purpose-built ponds. Pond structures typically
include an intake channel, production pond, discharge channel and a bioremediation pond (Figure
4-35). In most cases the ponds and channels are earthen based but may be partly or fully plasticlined. The objective of the pond is to be a containment structure, an impermeable layer between
the pond water and the local surface and groundwater.

Figure 4-35 Schematic of marine aquaculture farm

Soils for earthen ponds should have low permeability and high structural stability. During
production the environment in an established earthen pond is relatively stable, with the organic
material from production being well mixed with the organic material that pre-existed in the soil.
The production process results in the accumulation of organic materials on the pond base, which
may require seasonal removal. The majority of production ponds in Australia are earthen.
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Ponds should be lined if the soils are permeable and haulage of suitable soils is not an economical
option. Synthetic liners have a higher capital cost but provide an impermeable layer between the
pond and the local surface and groundwater. They are often used in high intensity operations,
which require high levels of aeration conditions that would lead to significant erosion in earthen
ponds.
Farm design and pond operation
Optimal sites for farms are flat and have sufficient elevation to enable ponds to be completely
drained between seasons. The elevation of the land on which the ponds and channels are
constructed has a large bearing on production efficiency. It is critical that all ponds and channels
can be fully drained during the off (dry-out) season to enable machinery access to sterilise and
undertake pond maintenance. Optimal land for ponds is flat and has an elevation of 5 to 10 m
above the Australian Height Datum (AHD) due to the impact of floods and cyclone surges.
Farms use aerators (typically electric paddlewheels and aspirators) to help maintain optimal water
quality in the pond. The aerators provide oxygen and create a current that concentrates waste
material in the centre of the pond. A medium-sized 50-ha prawn farm in Australia uses around
4 GWh annually (Paterson and Miller, 2013). The majority of the power requirement is to run pond
aeration. Back-up power, usually via a diesel generator, is required to run all the aerators on the
farm during power failure. Large farms may require multiple generators.

4.6.4

PRODUCTION SYSTEMS FOR CANDIDATE SYSTEMS

Black tiger prawns
For black tiger prawns, a typical pond in the Australian industry would be rectangular in shape,
about 1 ha in area and about 1.5 metre in depth, although there are considerable variations
between and within farms. The ponds are either wholly earthen, lined on the banks with black
plastic and earthen bottoms, or fully lined, although this is not common in the Australian industry.
In Australia, pond grow-out of black tiger prawns typically operates at stocking densities
considered as ‘semi-intensive’ or ‘intensive’ (‘intensive’ is used for the remainder of this report),
which typically means that ponds are stocked with between 25 to 50 individuals per square metre.
These pond systems are fitted with multiple aeration units, such as paddlewheels and aspirators
that serve to both aerate and circulate the water, the former for purposes of consolidating the
waste into a central sludge pile, which allows a greater area of the pond bottom to be optimal for
the prawns while also making the sludge easier to remove at the end of the crop. As an example,
for intensive farming, ponds may be fitted with about eight aeration units early in the crop, which
might consist of six paddlewheels and two aspirators set up in an optimised configuration to
achieve good water circulation, whereas the number required might double by the end of the crop
when prawn biomass is greatest (Mann, 2012).
At the start of each prawn crop, prior to stocking with postlarvae, the ponds need to be prepared
and filled with water. Between harvests, the pond bottoms are dried and unwanted sludge from
the previous crops is removed, and if needed, additional substrate is added. Prior to filling the
ponds lime is often added to buffer pH, particularly in areas where there are acid sulfate soils. The
ponds are then filled with filtered seawater and left for about 1 week prior to postlarval stocking.
Algal blooms in the water are encouraged through addition of organic fertiliser. These blooms are
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essential for both shading of the prawns and to discourage benthic algal growth, but also for the
nutritional value they provide for the planktonic community within the ponds (QDPIF, 2006).
Postlarvae are produced at hatcheries and when transported great distances from the hatcheries
to the ponds are typically packed into polystyrene boxes with highly oxygenated seawater, or
stocked into specialist transporters fitted with aeration/oxygenation systems appropriate for
holding postlarvae for many hours during transit (QDPIF, 2006).
In the first month after stocking, the postlarvae grow rapidly into small prawns, primarily relying
on the natural productivity (zooplankton, copepods, and algae) supported by the algal bloom for
their nutrition. Very small quantities of commercial feed are also added multiple times daily to
assist with the weaning process and provide an energy source for the pond bloom. During this
period no water exchange is required.
Approximately 1 month after the prawns are stocked, pellet feed becomes the primary nutrition
source; this occurring when the daily feed requirement of the prawn population exceeds what is
available from the natural productivity provided by the pond bloom. The major component of
pelleted feeds are meals of terrestrial plant origin, and meals of captured marine fish and
crustaceans (e.g. krill) origin, the latter typically the more expensive and valued of the basal
components. Feed is a major cost of prawn production; around 1.5 kg of feed is required to
produce 1 kg of prawns. Prawns typically reach optimal marketable size within 6 months of pond
culture, with a common target prawn harvest size of 30 g. After harvest, prawns are typically
processed immediately, with larger farms having their own production facilities that enable
grading, cooking, packaging and freezing activities.
Effective prawn farm management involves maintaining water quality conditions within ranges
optimal for prawn growth and survival, and this becomes progressively complex as prawn biomass
and the quantity of feed added to the system increases. As the crop proceeds, both the prawn
biomass increases, as does the biological oxygen demand required by the microbial population
within the pond in breaking down organic materials. With these increasing demands, the
requirement for water exchange and mechanical oxygen addition from paddlewheels increases.
Towards the end of the production season the prawn biomass peaks and increasing numbers of
aeration units are required in each pond to maintain optimal oxygen. Water exchange involves
either the introduction of new water or recycling of existing water from the bioremediation pond
back to the production pond. Fresh water, if available, can be added to manage high water salinity
from evaporative losses. In most cases water salinity is not managed, except through seawater
exchange, and will increase naturally with evaporation and decrease with rainfall and flooding.
Strict regulation of the quality and volume of water that can be discharged means efficient use of
water is standard industry practice.
Effluent water released to the environment from a prawn pond will often contain nutrients, algae
and sediment particles at higher levels than occur naturally in ocean waters. To mitigate these
impacts on the environment, most Australian prawn farms allocate up to 30% of their productive
land for water treatment by pre-release containment in settlement systems. Such treatment
reduces suspended solids and dissolved nutrients in the effluent before release to the
environment (QDPIF, 2006). Many Australian farms also recirculate water, which minimises
fluctuations in water quality and reduces the risk of introducing pathogens from the natural
environment.
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Barramundi
In commercial production systems, the conditioning and spawning of broodstock and the rearing
of larval fish through to fingerlings takes place in land-based hatcheries. Barramundi are a highly
fecund species, with females able to produce millions of eggs per spawning (Davis, 1984).
However, subsequent mortality rates during the earliest larval and rearing phases can be very
high. In the hatchery, at around 20 to 25 mm in length, the fingerlings are weaned off a live diet
(rotifers and Artemia) to a commercial pellet. Due to the cost and infrastructure required many
producers elect to purchase fingerlings from independent hatcheries, moving fish straight into
their nursery cycle. Regular size grading is essential during the nursery stage due to aggressive and
cannibalistic behaviour. Size grading helps to prevent mortalities and damage due to predation on
smaller fish, and assists with consistent growth.
The main factors that determine productivity are the provision of optimal water temperature,
dissolved oxygen, effective waste removal, expertise of farm staff and the overall health of the
stock.
A pellet feed is produced by the two largest Australian aquafeed manufacturers (located in
Brisbane and Hobart), providing a specific diet promoting efficient growth and feed conversion.
The industry is heavily reliant on these mills to provide a regular supply of high-quality feed. Cost
of feed transport would be a major cost to barramundi production in the study area. As a
carnivorous species, high dietary protein levels, with fishmeal as a primary ingredient, is required
for optimal growth. Barramundi typically require between 1.2 and 1.5 kg of pelleted feed for each
kilogram of body weight produced.
In terms of stocking rates, typical pond biomass will be around 3 kg per 1000 L. Under optimal
conditions barramundi can grow to over 1 kg in 12 months and to 3 kg within 2 years (Schipp et al.,
2007). Warm water temperatures in northern Australia enable fish to be stocked in ponds yearround. Depending on the intended market, harvested product is processed whole or as fillets and
delivered fresh (refrigerated, ice slurry) or frozen. Smaller niche markets for live barramundi are
available for Asian restaurants in some capital cities.
Barramundi are susceptible to a variety of bacterial, fungal and parasitic organisms, and are at
highest risk of disease when exposed to suboptimal water quality conditions (e.g. low oxygen,
temperature extremes).
Red claw
The red claw life cycle is simple. In tropical regions, mature females can be egg bearing yearround. A 10-week incubation follows mating, after which the eggs hatch to produce small crayfish.
After 3 months, the juveniles weigh around 15 g and around 100 g after 12 months. Red claw can
live for up to 5 years and reach a maximum size of 600 g (Jones, 1990). Red claw breed freely in
production ponds. A common industry practice is to manage mixed generations of red claw in the
one pond. The crayfish are harvested at regular intervals, with re-stocking occurring from natural
reproduction.
Water temperature and feed availability are the variables that most affect crayfish growth. Red
claw are a robust species but are most susceptible to disease (including viruses, fungi, protozoa,
bacteria) when conditions in the production pond are suboptimal (Jones, 1995).
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Production ponds are earthen lined, rectangular in design and average 1 ha, and are sloping in
depth from 1.2 m to 1.8 m. Sheeting is used on the pond edge to keep the red claw in the pond
(migration tendency) and netting surrounds the pond to protect stock from predators (Jones et al.,
2000).
At the start of each crop, prior to stocking with red claw, the ponds need to be prepared and filled
with water. Between harvests, the pond bottoms are dried and unwanted sludge from the
previous crops is removed, and if needed, additional substrate and shelters are added. Lime is
often added prior to filling the ponds to buffer pH, particularly in areas where there are acid
sulfate soils. The ponds are then filled with fresh water and left for about 2 weeks prior to
stocking. Algal blooms in the water are encouraged through addition of organic fertiliser. These
blooms are essential for both shading of the red claw and to discourage benthic algal growth, but
also for the nutritional value they provide for the planktonic community within the ponds.
A prepared pond is stocked with around 250 females and 100 males that have reached sexual
maturity. Natural mating results in the production of around 20,000 advanced juveniles. Red claw
are omnivorous, foraging on natural productivity such as microbial biomass associated with
decaying plant and animals. Early stage crayfish almost solely rely on natural pond productivity
(phytoplankton and zooplankton) for nutrition. As the crayfish progress through the juvenile
stages, the greater part of the diet changes from planktonic to organic particulates (detritus)
found on the pond bottom. Very small quantities of a commercial feed are also added on a daily
basis to assist with the weaning process and provide an energy source for the pond bloom. During
this period no or minimal water exchange is required. The provision of adequate shelters (net
bundles) is essential at this stage to improve survival (Jones, 2007). Approximately 4 months after
stocking, the juveniles are harvested and graded by size and sex for stocking in production ponds.
Juveniles are stocked in production ponds from 5 to 10 per square metre. Shelters are important
during the grow-out stage, with 250/ha recommended. During the grow-out phase pellet feed
becomes an important nutrition source, along with the natural productivity provided by the pond.
The major components of pelleted feeds are meals of terrestrial plant origin. The quality of
pelleted red claw diets is often broadly ascribed to protein content, with most Australian farmers
using diets consisting of 25 to 30% protein.
Effective farm management involves maintaining water quality conditions within ranges optimal
for crayfish growth and survival, and this becomes progressively complex as crayfish biomass and
the quantity of feed added to the system increase. As the crop proceeds, the crayfish biomass
increases, as does the biological oxygen demand required by the microbial population within the
pond in breaking down organic materials. With these increasing demands, the requirement for
water exchange and mechanical oxygen addition from paddlewheels increases. Towards the end
of the production season the crayfish biomass peaks and increasing numbers of aeration units may
be required in each pond to maintain optimal oxygen levels in the pond. Water exchange involves
either the introduction of new water or recycling of existing water from the bioremediation pond
back to the production pond. Strict regulation on the quality and volume of water that can be
discharged means efficient use of water is standard industry practice.
Red claw are harvested within 6 months of stocking to avoid reproduction in the production pond.
At this stage the crayfish will range between 30 g to 80 g. Stock are graded by size and sex into
groups for market, breeding or further grow-out (Jones, 2007). After harvest, red claw are
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transported to a processing shed where they are stocked in tanks until being packed live for
market. There is high global demand for freshwater crayfish.
Current commercial feeds are low cost and provide a nutrition source for natural pond
productivity as much as the crayfish. The small size of the industry means that feed is produced in
a terrestrial animal (e.g. poultry) mill, rather than a dedicated aquaculture mill. This use of
terrestrial animal mills has resulted in the production of feed with low water stability and limited
ability to manipulate pellet size.
Red claw breed freely in production ponds. This is beneficial in that complex hatchery technology
is not required. However, low fecundity, and the associated inability to source high numbers of
quality seed, is also an impediment to intensive expansion of the industry. Fecundity of red claw
compared to marine prawns is low, 1,000 to 200,000 eggs respectively. Unlike the prawn industry,
where there is clear demarcation between the hatchery and grow-out operation, there is no
dedicated hatchery operation to allow focused improvements in fecundity and seedstock
production.
Predicted water use for candidate species production
A broad-scale assessment of the volumes of water used during the culture of the three candidate
species in ponds under typical farming scenarios was provided as context for the overall water
requirements of aquaculture. An average crop of prawns farmed in intensive pond systems (8 t/ha
over 150 days) is estimated to require 127 ML of marine water, which equates to 15.9 ML of
marine water for each tonne of harvested product. For pond culture of barramundi (30 t/ha over
two years), 562 ML of marine water, or fresh water, is required per crop, equating to 18.7 ML of
water for each tonne of harvested fish. For extensive red claw culture (3 t/ha over 300 days)
240 ML of fresh water is required per pond crop, equating to 16 ML of water for each harvested
tonne of crayfish.

4.6.5

INTEGRATING AQUACULTURE WITH AGRICULTURE

While the practice of combining the production of fish and crops in a single system is commonly
used by small-scale freshwater aquaculture enterprises in South-East Asia and developing
countries, it is not widely practised in Australia. However, there are theoretically potential
opportunities in northern Australia to optimise the integration between agriculture and
aquaculture.
Fresh and marine pond-based operations provide up to 15 ML/ha/year of nutrient-rich waste
water for potential diversion to irrigation. For obvious reasons, only waste water from freshwater
aquaculture operations is suitable for irrigation of agricultural crops. The main nutrients of value in
the discharge water are nitrogen and phosphorus.
In recent years a technology has been developed that utilises the discharge water from prawn
farms for the production of high-value seaweed (MBD, 2017). The seaweed is efficient at stripping
nitrogen, which enables the treated waste water to be recycled to the prawn ponds or discharged
within allowable nutrient limits.
An integrated aquaculture–agriculture model for water use has been proposed for irrigated
farming systems in Australia (Gooley et al., 2000). The concept involves stocking of fish in cages in
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water storage dams, which provide final irrigation to an agricultural crop. This is seen as an
efficient use of water, as in this model the aquaculture component is a non-consumptive user of
the water, which enhances the nutrient load of the water, possibly off-setting some of the farm
fertiliser costs. Red claw is a good candidate because the crayfish readily consume raw agricultural
plants and are suitable for production in irrigation storage water, providing the pond or tanks are
not completely emptied (Saoud et al., 2013).
There is wide scope for the use of raw agricultural plant products in the production of red claw.
Red claw farmers commonly feed raw agricultural plant meals as a nutrition supplement to a
pellet feed (e.g. maize). There is also opportunity for the direct use of raw and processed
agricultural feed ingredients into prawn and barramundi pond systems. This currently involves the
addition of plant products (e.g. molasses) into the pond to promote the development of algal
blooms or addition as a carbon source in bio floc systems.
Aquaculture feeds for the majority of aquaculture species are a complete feed, specifically
formulated for that species. The production of a water-stable feed, and the ability to manipulate
pellet buoyancy, are key characteristics. In comparison to terrestrial stock feeds, aquaculture
feeds are expensive with specialised equipment required for production. There are opportunities
to use agricultural products (plant and animal) as ingredients in feeds for prawn and barramundi.
However, this would require a specialised feed mill to be located in northern Australia to avoid the
high cost of transport of raw ingredients to mills located in Brisbane and Hobart.
Unlike most aquaculture species, the commercial feed for red claw can be produced in a less
specialised terrestrial animal mill. Therefore, there is an opportunity for the establishment of a
multi-purpose mill (aquaculture and livestock) in northern Australia, with close proximity a major
benefit in term of transport costs.
Bio floc is a relatively new technology that involves the use of raw or processed plant materials to
maintain a diverse and productive bacterial population in pond aquaculture (Avnimelech, 2009). It
can be used in prawn aquaculture and enables limited or zero water exchange, stable water
conditions and the provision of a secondary nutrition source (bacteria and algae). In general terms,
the technology involves close monitoring of water quality conditions and the addition of carbon to
the pond to change the dynamics of the pond community from algal to bacterial. Constant
aeration and supplemental carbon such as molasses from sugarcane is added throughout the
production cycle to maintain a stable bio floc population. There is potential for the industry to
utilise hundreds of tonnes of agricultural plant materials to manage bio floc systems in northern
Australia.
Novacq™ is a dry feed ingredient developed by CSIRO based on bio floc technology. The ingredient
is produced in isolation in conventional marine aquaculture ponds via the bio-conversion of lowvalue plant waste from agriculture. The bio-conversion process involves the addition of
agricultural sources such as bagasse (from sugarcane) into a marine pond containing specific
concentrations of a range of nutrients. There is excellent potential for Novacq™ to be produced in
northern Australia.
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4.6.6

WATER AND LAND SUITABILITY

A land suitability framework for the study area was developed for marine and freshwater ponds,
either earthen or plastic-lined, using the set of five land suitability classes in Table 4-1. The
suitability of specific areas for aquaculture development was assessed from the perspective of soil
and land characteristics for all three species (considered generically as ‘marine’ and ‘freshwater’
species) and proximity to a marine water source for black tiger prawns and barramundi (Table
4-20). Water temperature and water salinity were modelled for specific pond filling scenarios
taking into account management practice, evaporation and precipitation. These limitations are
directly related to the health and production characteristics of the species, which have known
tolerances. The land limitations included those relevant to geotechnical considerations such as the
construction and stability of the pond walls and to the extent of effort required to develop the
pond locations, caused by limitations such as slope. Distance to a marine water source for marine
or euryhaline species is an important consideration for the capital and operating costs of an
aquaculture enterprise. For further detail see the companion technical report on land suitability
(Thomas et al., 2018b). It was not possible to include proximity to fresh water due to the large
number of potential locations that water could be captured and stored within the catchments.
Note also that the estimates for land suitability presented below represent the total areas of the
catchment unconstrained by factors such as water availability, land tenure, environmental and
other legislation and regulations, and a range of biophysical risks such as cyclones and flooding.
These are addressed elsewhere by the Assessment. The land suitability maps are designed to be
used predominantly at the regional scale. Planning at the enterprise scale would demand more
localised assessment.
Table 4-20 Rationale for limitation assessment for aquaculture land and water suitability analysis
LIMITATION

BRIEF RATIONALE

Water temperature

Water temperature is a key factor for species selection for a given region. While most
species have a broad thermal tolerance, optimal production occurs across a narrow
range. Pond water temperature varies seasonally.

Water salinity

Water salinity is a key factor for species selection. For the majority of species, optimal
production occurs across a relatively narrow range, usually either marine or fresh
water. However, euryhaline species are efficiently produced under marine and
freshwater conditions.

Distance to marine water source

Pond distance from a marine water source has a large bearing on the required capital
investment and ongoing crop production efficiency.

Elevation

Land elevation has significant bearing on ability to drain production and
bioremediation ponds, which affects ongoing production efficiency.

Slope

Land slope has a significant bearing on required capital investment to construct ponds
and channels.

Soil clay content (%)

The objective of the pond containment structure is to provide an impermeable layer
between the pond water and the local surface and groundwater. Soil clay content (%)
is a good indicator of the potential to produce an impermeable soil layer.

Soil pH

Soil acidity or alkalinity may lead to certain toxicities.

Acid sulfate soils

Acid sulfate soils are more expensive to develop, manage and can be detrimental to
animal health and reduce crop production efficiency.

Soil depth

Soil depth has significant bearing on required capital investment to construct ponds.

Permeability

A measurement of the ease that the pond water can travel through the pond base and
wall.
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LIMITATION

BRIEF RATIONALE

Rockiness

Rockiness has significant bearing on required capital investment to construct ponds.

Gilgai

Gilgai presence has a significant bearing on required capital investment to construct
ponds.

Areas of shallow rocky soils, landscapes where slopes exceed 5% and those areas with high acid
sulfate soil potential are generally precluded from aquaculture development. Earthen ponds are
restricted to areas of deeper clay (>0.5 m depth) and heavier loam soils where soil compaction and
stability properties are suitable for pond construction. Areas with moderate to rapid soil
permeability, such as deep sands, are not suitable because loss of pond water and potential
contamination of groundwater are major constraints. Marine species, including prawns, are
constrained by distance from the coast or influence of marine tides, making large inland areas of
the Darwin catchments unsuitable. Suitability for marine species is therefore much more restricted
than for freshwater species. The most extensive areas of suitable land were those for lined ponds
for freshwater species.
Sea surface temperatures from oceanic waters offshore to the Darwin catchments are ideal for the
culture of a majority of tropical aquatic species from October to March. The comparatively shallow
nearshore and estuarine waters in the Darwin catchments are likely to be significantly higher in
temperature than adjacent oceanic waters. If the warming trend of sea surface temperatures in
northern Australia continues (see companion technical report on climate (Charles et al., 2016));
this may have the potential to prolong the grow-out season for some aquatic species.
For marine ponds, a pond filled on 1 October would exhibit salinity levels that are largely buffered
by rainfall during the wet season. Pond salinity progressively increases from April to September
due to continuing evaporation and low rainfall. Elevated salinities during the dry season due to
evaporation and low precipitation rates may be difficult to manage, as the addition of large
amounts of fresh water to lower pond salinities may be impractical or too costly. For example, a
standard marine pond (1 ha) receiving no precipitation and 10 mm evaporation per day would
require daily addition of 100,000 L (0.1 ML) of fresh water to maintain optimal salinities. A 100-ha
farm would require 10 ML of fresh water per day or 1.5 GL for a 150-day season. Evaporative
influences and low precipitation periods would be considerably easier to manage by filling ponds
at the lowest optimal salinity of the target species and regulating water exchanges at suitable
intervals.
Pond water temperatures are optimised for most tropical aquaculture species between
September and April. Minimum pond water temperatures during the mid-year dry season fall
below the optimal growth threshold for tropical culture species. Distance from a marine water
source is a major limiting factor, reducing suitability to the coastal parts of the catchment.
Freshwater ponds have no salt content and therefore water exchange has no effect on culture
water salinity. However, there is a requirement to maintain pond volume. For example, a standard
pond (1 ha) receiving no precipitation and 10 mm evaporation per day would require a daily
addition of 100,000 L (0.1 ML) of fresh water to maintain pond volume. A 100-ha farm would
require 10 ML of fresh water a day or 3 GL for a 300-day season.
Assuming unconstrained development, around 260,000 ha of coastal land was found to be suitable
(Class 3 or better) for marine earthen ponds (Figure 4-36), the majority of which was Class 3.
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Suitable areas are restricted to seasonally and permanently wet soils in the marine and coastal
low-lying plains. This area extends a significant distance inland along the Adelaide River, while
there is a smaller component in the lowest reaches of the Wildman River.

Figure 4-36 Land suitability in the Darwin catchments for marine species aquaculture; (a) earthen ponds and (b)
lined ponds

Assuming unconstrained development, around 420,000 ha of coastal land was found to be suitable
for marine lined ponds (Figure 4-36). The area suitable for marine lined ponds extends a significant
distance inland along the Adelaide River where the marine tidal influence is strong, and along
much of the coastal fringe. The dominant soils for suitable areas are seasonally or permanently
wet soils and to a lesser extent, red loamy soils where slope permits.
Assuming unconstrained development, around 670,000 ha of land was found to be suitable for
freshwater earthen ponds (Figure 4-37). These areas are mainly associated with flatter terrain of
seasonally or permanently wet soils and found in the lower parts of the catchments, particularly in
the Wildman and Adelaide river catchments.
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Figure 4-37 Land suitability in the Darwin catchments for freshwater species aquaculture; (a) earthen ponds and (b)
lined ponds

Assuming unconstrained development, around 2.4 million ha of land in the catchments is suitable
for the development of freshwater lined ponds, the majority in Class 1 (Figure 4-37). The suitable
areas dominate low gradient areas of the lower catchments, although a significant proportion of
suitable areas are also to be found in the low gradient areas of the upper parts of the catchments.
Areas less suited coincide strongly with the shallow and/or stony soils in the catchments.
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