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1 KEY OUTCOMES 

1.1 Key performance outcomes 
 
The Mowanjum Stand and Graze Pivot Irrigation Trial and Demonstration (Mowanjum Irrigation Trial) achieved 
the following key results: 
 

 37.50 MT/ha of dry matter – potential production of Rhodes Grass under pivot irrigation in the 
Kimberley 

 3,702 kg/ha/year – actual live weight gain achieved per ha on the Mowanjum pivot in 2017 

 4,284 kg/ha/year – potential live weight gain per ha under pivot Stand and Graze in the Kimberley 

 4.67 MT/ha – peak weight of cattle per ha carried on the Mowanjum pivot in November 2017  

 $2,489.95/ha – cost per ha of fertiliser applied in 2017 

 $8,421/ha – total cost per ha per year of operating a pivot Stand and Graze operation 

 $1.91 – cost of production per kg of live weight gain 

 15.44 ML/ha – average irrigation volume applied to the pivot for 2016 and 2017 

1.2 Key benefits and challenges 
 
The Mowanjum Irrigation Trial also identified a range of beneficial outcomes and opportunities in terms of 
integration with the Mowanjum Station pastoral operation, as well as a range of challenges, issues and risks 
requiring management. These our outlined in Table 1.  
 

Benefit Outcome 

A reliable water, food and 
infrastructure source 

• Increased station breeder carrying capacity 

• Capacity to wean young animals earlier 
• Allows rangeland destocking and recovery  

• Enables simplified mustering operations 

• Animal welfare improvements 

A high quality nutrition source • Higher than targeted weight gain conversion to kilograms of beef for 
weaners 

• Breeder score condition improvements 

• Genetic adaptation to improve conversion 

Production of large fodder 
quantities  

• Increased overall station carrying capacity of kilograms of beef 

• Conception and weaning rate improvements 
• Capacity to cut and carry, store or sell excess fodder  

Access to more kilograms of 
protein 

• Maximise pivot grazing consumption 

• Capacity to fully utilise the irrigation assets 

Remote monitoring capability • Consistent and reliable data retrieval 

• Consistent Mobile Data coverage is required to maximise benefit.  

Market responsiveness and 
access 

• Ability to attract top prices through consistent and growing turnoff of 
protein 

• Access to additional markets due to quality improvements 
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Issue Recommendation 

System design complexity • Keep the system simple in the first instance, particularly for the 
inexperienced operator 

• A manual system will enhance awareness and responsiveness to risks 
and performance issues 

Excess fodder production • Match kilograms of beef to fodder production 

• Have access to cutting and baling machinery and equipment to 
address and take advantage of excess fodder 

Access to service and support • Identify infrastructure, equipment, technology and agronomic service 
and support requirements and secure these services, particularly for 
the initial commissioning phase  

Plant health • The growth potential is large, soil amelioration (health) is key 

• Monitor the plant frequently as growth and quality can change 
quickly and take much longer to rebound 

• Respond to adverse plant health indicators as failure to take timely 
and appropriate action will more than likely have negative 
consequences for overall performance 

Technology • Be comfortable with the inclusions and understand the benefits to 
realise the FULL potential 

• Use it or Lose it 

Data access • Consistent scheduled data recording will provide the information 
needed to optimise your operation and proactively plan ahead 

• Remote access is a very handy benefit, but make sure you investigate 
communication access to ensure consistent coverage.  

Environmental events • Be prepared and plan for climatic and vermin events that may harm 
the infrastructure 

Table 1- Key benefits and challenges 

2 BACKGROUND AND OBJECTIVES 
 
This report was commissioned by the Government of Western Australia to communicate the outcomes of the 
Mowanjum Irrigation Trial for the information and benefit of the pastoral industry.   
 
The Mowanjum Irrigation Trial was a keystone project of the Government of Western Australia’s Water for 
Food initiative.  The Irrigation Trial was undertaken on Mowanjum Station approximately 14 km south-east of 
Derby in the Kimberley Region of Western Australia.  
 
The intent of the Irrigation Trial was to refine the agronomy and business case for an intensive irrigated cattle 
production system and also to facilitate greater agriculture development in the West Kimberley through a 
Stand and Graze production model.  The Stand and Graze rotational grazing system was tested using a 38 ha 
centre pivot based on irrigated pasture (Rhodes grass) during the dry season and as required during the wet 
season.   
 
The Irrigation Trial provided a demonstration Stand and Graze centre pivot beef production operation as an 
option to increase pastoral productivity and provide greater control over cattle turn off in the northern 
rangelands. The Irrigation Trial provided information, built capacity and improved the knowledge base for 
intensive cattle and fodder production both at Mowanjum Station and other northern operations seeking 
opportunities to diversify and lift productivity. It has also provided information to set the future direction of 
research in this area. The key aims of the Irrigation Trial became: 
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 Operating the Stand and Graze system as efficiently as possible and maximising production 

 Measuring the key operational inputs: water, fertiliser, energy and labour  

 Measuring the key outputs: fodder and cattle  

 Understanding the economics of the operation and calculating the $ cost per kilo of live weight gain. 

3 RELEVANT PAST RESEARCH 
 
Irrigated Rhodes Grass 

The closest research work for growing irrigated Rhodes grass (Chloris gayana) in the West Kimberley comes 
from the Douglas Daly Research Station (DDRS) in the Northern Territory. Trial work completed on the DDRS 
on sandy surfaced Blain soils produced the following findings (O’Gara, 2008): 

 Hay yields of 35 MT/ha/season (March to November) could be achieved, or 30 MT/ha/season dry 
matter. 

 Rhodes grass remained productive for over five years. 

 Rhodes grass requires 12 plus ML/ha of water if the crop is watered over the dry season April to 
November. 

 Rhodes grass production declines when daily temperatures are below 30 degrees and night 
temperatures are below 15 degrees. 

 Irrigation scheduling should be linked to daily Epan rates and calculated on a weekly basis: Crop water 
requirement (mm) = Epan (mm) x Crop Factor (%).  

 Hay quality can achieve 8 to 11% CP, 67.7% digestibility and 8.8 ME with appropriate management. 

The fertiliser recommendations from the DDRS trial were: 

 N: 500 – 600 kg/season 

 K: up to 300 kg/season 

 Zn: up to 15 kg/ha 

Higher N treatments of up to 1000 kg/ha/season gave a protein content up to 18.7%. 
 
While the Blain soils in the Northern Territory are different to the Pindan soils on the Kimberley and the 
temperatures at the DDRS are a lot more consistent than at Mowanjum, with higher minimum temperatures 
and lower maximum temperatures, the Northern Territory trial provides production guidelines that form part 
of the building blocks for generating a production model for the West Kimberley region.  
 
Field records from Finecut Rhodes grass production under pivot irrigation at Sunnyside Farm in Derby in 
2009/10 provides a guide on what can be produced per year (Chart 1). Field records obtained by the 
Department of Primary Industries and Regional Development from the owner of Sunnyside Farm, B Parsons, 
include yields per cut and the annualised yield. If we assume the hay had a moisture content of 15 % the 
annualised hay yield of 41.68 MT/ha equates to 35.43 MT/ha of dry matter. This result is in line with the 
outcomes from the Mowanjum Irrigation Trial.  
 
Rhodes grass for weight gain 

The hay from the DDRS trial work was fed to cattle with a lick supplement. The results gave an indicative 
average live weight gain of 0.75 – 0.95 kg/ha/day. Access to detailed information from this work is limited with 
no live weights, age or background information on the cattle able to be sourced. However the weight gain 
results available are consistent with those achieved at Mowanjum.  
 
The nutritional quality of hay is influenced by the stage of growth of the plant when cut. Hay with more leaf 
will be better quality compared to more mature plants with more stalk. However cutting is often delayed in 
order to achieve higher yields reducing digestibility, protein and ME. By making hay earlier with less mature 
plants, better quality hay will be produced (Douglas Daly Research Farm NT Fodder trials 2002 - 2004).  
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Chart 1 - Rhodes grass hay production (MT/ha), Derby in 2009 

 
Rhodes grass response to fertiliser 

Rhodes grass response to fertiliser applications appears to be well documented at a general level. According to 
the Tropical Forages website (Cook, B.G et al, 2005), Rhodes grass: 
 

Responds to phosphorus in poorer soils, and gives a linear yield and crude protein response of up to 
300 kg/ha of nitrogen if other nutrients are adequately supplied. Split applications, each of 50 to 100 
kg/ha N, are normally used when economically feasible.  

 
The economic return from applying up to 300 kg/ha of nitrogen is well documented. The response curve 
around nitrogen is not well documented, for example: the production and quality differences between 200 kg 
versus 300 kg applications. 
 
Rhodes grass nutritional quality 

Cook, B.G et al (2005) discusses the nutritional qualities of Rhodes grass noting that crude protein levels vary 
with the age of the material and the level of available nitrogen. Crude protein levels may range from 17% on a 
dry matter basis in very young leaf to 3 % in old leaves. For example, the Callide Rhodes grass type yielded 
(ibid, 2005):  

 6 t/ha (52% leaf, 9% CP) cut at 7 weeks,  

 11 t/ha (28% leaf, 5% CP) at 13 weeks,  

 12 t/ha (30% leaf, 3% CP) at 22 weeks and  

 14 t (20% leaf, 3% CP) at 27 weeks.  
 
Pivot irrigation management strategy  

Through the Government of Western Australia’s Business Improvement Grants program, Pardoo Beef 
Corporation produced an analysis that examines the economics of Stand and Graze versus Cut and Carry 
systems. Some of the key findings of the analysis were summarised by the Department of Primary Industries 
and Regional Development (2018) as follows: 
 

 When the price of beef is low, some Stand and Graze options can be as profitable as, or more 
profitable than, backgrounding options such as the ‘cut and carry’ model. However, as beef prices 
increase, backgrounding (cut and carry) becomes the more profitable option due to the ability to 
process more cattle at a given time. 
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 In regard to the ‘cut and carry’ system, the most profitable regime (highest total gross margin) is 

feeding home-grown sorghum and oats with a large amount of maize for energy, and lupins for 
protein. This however may not be practical as it is relatively expensive on a cost per kilogram of beef 
basis at $2.22/kg. 
 

 On a cost/kg of beef basis, the lowest cost option is the Stand and Graze system, with leunaena at 
$1.20/kg and Rhodes grass plus lucerne at $1.34/kg. Adding supplementary feeds such as maize, grain 
or lupins to these options can allow you to significantly increase your stocking rate. By adding 
supplementary feed the cost/kg of beef produced will increase however, so will your overall gross 
margins. 
 

The above findings were produced from the assumptions specific to Pardoo Beef Corporation. The cost per 
kilogram of beef at $1.34/kg is considerably lower than the $1.91/kg calculated from the Mowanjum Irrigation 
Trial. This difference is expected to be a function of the higher pumping costs required at Mowanjum. 

4 PROJECT DESIGN AND SITE SELECTION 

4.1 Overview 
 
The Irrigation Trial site and design needed to provide for: 

 The production of feed for cattle when yarded, when weaned, and late in the dry season within a 
Stand and Graze pivot irrigation model utilising groundwater.  

 Irrigation and fertiliser field trials to assess the potential to grow, in an extended season, cattle fodder 
with the intent to establish a cattle-finishing depot.  

 Potential for Mowanjum Station to expand the irrigation operation in the future.  

 Technological integration, specifically the inclusion of remote sensing equipment allowing monitoring 
capabilities from off-site locations for agronomic consultation, operational review and management 
purposes.  

 
Site selection, system and infrastructure design are critical to any irrigated agriculture operation and material 
time should be allocated to this task. Optimising operational and management efficiencies, business 
integration and capital investment are all relevant considerations to site selection and design. Access to a 
sustainable water supply being a fundamental consideration for any irrigated agriculture development.  
 
Integration of advanced technologies can promote and support efficiencies. The benefit that this cost can 
provide will not be realised without the appropriate commitment to understand, maintain and utilise the 
technology.  A simplified, manual operation that maintains onsite monitoring and control of the system and 
the operation in its infancy, will minimise risk of failure, damage to infrastructure, and wasted resources in the 
short term. The integration of system control technologies could be considered as a medium to longer term 
option as expertise, knowledge and confidence in the system and operation is improved.  
 
As a result of the Mowanjum project and other industry sourced information available it is obvious that a 
simple system is a priority for any business evaluating the integration of pivot irrigation into their business.  

4.2 Pivot infrastructure and design  
 
Infrastructure selection and layout affects the efficiency of labour, equipment and machinery, and cattle 
movement. The original design of the Mowanjum Irrigation Trial site was adapted in response to inefficiencies 
that arose during trial. The design is illustrated in Figure 1 and described below.  
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Figure 1 - Mowanjum Irrigation Project Pivot Design (adapted from Nixon, 2016)   
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Pivot grazing cells 

The pivot is divided into four cells by conventional ring-lock fence. The pivot was originally divided into eight 
cells by hotwire, however the hotwire was unable to hold cattle within the cells, which caused significant 
management inefficiencies. The reduction in the number of grazing cells and increase in cell size improved the 
efficiency of day to day operations in terms of cattle movement and slashing, mowing and baling of the grass 
(discussed later in this report).  
 
Central ring 

The central ring enables cattle to be moved between the four cells and into the central yard. Conventional 
gates installed in the central ring fence provide access to the four grazing cells. The central ring fence is located 
just outside the first pivot wheel rotation.  
 
Central yard and Walk on Weigh system 

The configuration of the central yard is shown in Figure 2. Cattle are channelled from the central ring to the 
central yard via the inward trap. Cattle are weighed via a Walk on Weigh (WoW) system installed on the 
outward trap. Remote Livestock Management Systems (RLMS) and auto draft capabilities are optional on the 
inward and outwards traps. The central yard is divided into two yards for the purpose of drafting. There are 
watering points in both yards.  
 
Central equipment area 

Pivot hardware is located at the centre of the pivot. This central area contains a metered production (water 
supply) bore, the pivot tower on a concrete hardstand, a weather protected generator, fuel tank and concrete 
hardstands. The central equipment area is fenced and cannot be accessed by cattle. 
 

 
Figure 2 - Central Yard and RLMS on Outward Trap (adapted from Nixon, 2016) 

Inward 
Trap 

RLMS 
Outward 

Trap 

Central 
Equipment Area 

Central Yard - 
North 

Central Yard - 
South 

Cattle movement options 
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4.3 Irrigation Assets 
 
The focus should be on simplicity when designing the irrigation assets. The efficient conversion of water to 
kilograms of nutrition and protein is challenging. It also requires a significant upfront investment. Key 
considerations in selecting and designing the arrangement of irrigation assets are set out below.  
 
Water supply and monitoring bores 

Water is supplied to the Mowanjum pivot from two 300 mm production (water supply) bores. One is located 
adjacent to the fertigation shed (PB1) capable of providing 38 L/s and the other is at the centre of the pivot 
(PB2) capable of 70 L/s, in total 108 L/s has the ability of irrigating 62 ha. A 400 mm mainline pipe runs 
between the two bores.  Nixon (2016) noted that the pivot bore is capable of delivering more than the 
requirement (66 L/s) of the 38 ha pivot in isolation, however there is benefit in using both in conjunction 
including the benefit of a reduced pumping head and the ability to continue irrigation in the event that one 
bore or pump fails. 
 
There are also six 100 mm monitoring bores which Mowanjum is required to monitor in accordance with its 
water licence. Suitable locations for the groundwater production and monitoring bores were determined 
through a hydrogeological assessment. 
 
Bore pumps and Pivot irrigator 

The production bore pump/s and pivot irrigator must have the required water delivery capacity to meet the 
annual peak water requirement comfortably per hectare. Matching capacity with pressure and design impacts 
power costs. Higher required pressure can cause an increase in cost per mega litre of water applied.  

Two different pump types are installed at Mowanjum: a submersible electric (PB1) and a vertical line shaft 
turbine pump (PB2) to meet the capacity and optimise the power source. Both are powered by diesel 
generator sets.  

Variables to consider in bore pump and pivot irrigator selection include: 

 Power source (diesel or electric powered) - this decision will be based on access to electricity or the cost 
of delivering electricity to the site. Direct access to electricity can reduce operating costs as it enables 
irrigation scheduling in off peak times where possible compared to the constant cost of diesel power. 

 Nozzle package – select and install the irrigation nozzle package to meet water requirements while 
minimising evaporation effect. 

 Ongoing service and maintenance – like any machinery investment, ongoing backup service and support 
is critical to the efficiency of the operation. Access to capable support services for servicing and parts 
will minimise risk of downtime. 

Consideration should also be given to equipment protection measures where there is evidence of mineral 
content, such as irons and sulphates, in the water. Coating mechanical components in a heavy duty marine 
paint is an option. Poly lining piping can extend useful life significantly.  
 

Power source 

Power supply and delivery will be one of the main costs on a year in year out basis and require the most 
maintenance. Consideration to electricity access, generator output requirements, solar power, or a blend of 
these all can add value. 
 

Fertigation system 
The production of nutrient-rich pasture withdraws nutrients from the soil at high rates. An integrated 
fertigation system provides a useful tool to apply small amounts of nutrients frequently, which ultimately 
improves production both in growth and cost benefit. The system used in the Mowanjum Irrigation Trial 
incorporates water soluble products within a mixing tank then transfers the solution to one of two holding 
tanks. The resulting fertigation liquid is dispensed through injection pumps at the correct rates when required. 
The liquid is pumped from the fertigation shed to the pivot along a separate fertigation line and injected into 
the main line pipe at the base of the pivot for direct application through the pivot. 
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When evaluating the requirement and installation of a complete fertigation system and the associated capital 
cost, consider the benefits of an automated system that is integrated within the pivot or a manual system of 
application which would require skilled labour and machinery usage. 
 
The Mowanjum Irrigation Trial incorporated software that could control and monitor the fertigation system 
remotely. Figure 3 provides a screenshot of the main screen in the irrigation control room. The software is 
capable of monitoring pump (bore, injection, transfer and booster) and water line pressure, pivot position and 
holding tank levels. Other options are also possible within the software such as preparing a recipe (nutrient 
batch) and time scheduling.  
 

 
Figure 3 – Fertigation control screen 

4.4 Technology and Communication 
 
The ability to integrate monitoring technology into irrigation systems continues to improve across agriculture 
through improvements in telecommunications and software standardisation. From the experience of the 
Mowanjum Irrigation Trial, telecommunications and operator commitment are the primary limitation or 
opportunity to reap the benefits of technology. This includes a commitment to maintain the equipment in 
working order, to adopt the technology, and understand how it works.   
 
From a system and technological point of view the Irrigation Trial was designed to be at the cutting edge of 
technology, testing and proofing what can and cannot be achieved through a combination of remote and 
onsite monitoring (control room) and observation. In practice, the true testing potential of the Irrigation Trial 
was impacted by external factors including weather events (lightning strike), vermin damage, and problems 
with 3G communication coverage. 

 
The Mowanjum Irrigation Trial technologies that proved most reliable and beneficial with remote monitoring 
capabilities included soil moisture probes, onsite weather station, water use recording, and the Remote 
Livestock Monitoring System.  
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Soil moisture probes  

Continuous access to soil moisture information at five depth intervals (10 cm, 20 cm, 40 cm, 80 cm and 150 
cm) located on the pivot at one location was valuable. This graphical information assisted in preparing the 
forward weekly forecast of water application and reviewing the impact of the past water application on the 
soil moisture profile. The information could be sourced from the main computer in the control room or 
remotely. 

Onsite weather station 

Live, location-specific weather information was helpful to review the climatic impacts on historical and 
forecasted scheduling of water application. Appendix 1 Figure A7 shows the weather station hardware 
mounted to the roof of the fertigation shed at Mowanjum. Appendix 1 Figure A6 shows the weather 
information accessible from the control room.  
 
The station also had the capacity to report Eto which has become a key indicator in forecasting plant growth 
and the resulting water application required. Forecasting plant growth with reasonable certainty assists in 
calculating the pivot carrying capacity (kilograms of beef per hectare) and optimising nutrition consumption.  
 
Water measurement recording 
Water use data accessed remotely via the control system was reviewed against the recommended application 
rates. Remotely accessed water use data was cross-checked against manual water readings on both 
production bores for reconciliation purposes. 
 
Remote Livestock Monitoring System  

A RLMS is located on the central yard outward trap with auto draft capability. The RLMS provides real-time live 
data through a web interface, where data can be viewed or exported to a comma delimited (.csv) file for 
analysis.   
 
The RLMS provides access to live cattle movement and weights via individual Electronic Identification Device 
(EID) tags. This was an efficient way to get important live weight gain data and conversion percentages. Access 
to information such as current weight and average daily weight gain can assist with overall cattle and pivot 
performance, sales forecasting, condition scoring and weight conversion performance. 
 
Key to the relevance and accuracy of the RLMS is the manual upload to the RLMS of individual cattle details for 
each EID tag and weight at the time of entry onto the pivot. This process improved with updated technology 
and support, where integrated hardware can transfer data via Bluetooth or Wi-Fi in the correct format.  
 
The technology and support base for the RLMS improved significantly over the course of the Irrigation Trial. 
The 3G communication link was the key limited factor to the optimal performance of the RLMS.  

4.5 Site selection 
 
Site selection is the first critical step to a successful Stand and Graze pivot irrigation system integrated with the 
broader pastoral business. Time and effort spent on identifying and understanding the site will be rewarded in 
reduced development and operational costs, ongoing productivity and profitability, longevity and scalability of 
the system, and efficient project approvals processes. It should be expected that a compromise will need to be 
made between factors and judgement will need to be applied in this regard. 
 
The site needs to have access to a sustainable, accessible and good quality water supply. The cost of lifting and 
pumping water is a significant operational cost and therefore groundwater depth is a key consideration in 
ensuring ongoing pumping costs are not prohibitive. High quality, fresh water will promote the best plant 
growth. Water quality testing will ensure the water is of suitable quality for optimal plant growth.  
    
Suitable soils and a flat or near flat topography are important to plant growth. There are considerable soil type 
differences within the Pindan terrain resulting in varying productivity levels.  While subtle soil type variations 
are not visible, plant growth and health indicators are readily visible. Swards are thicker, a deeper green and 
grow faster on the better soils, and cattle preferentially graze these areas. The underlying soil type ultimately 
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flows through to the profitability of the operation, so it is important to conduct soil testing for optimal 
positioning of the pivot.  
 
It is also important to consider the supporting infrastructure that is required for the Stand and Graze operation 
and the position of the site in relation to existing or planned station infrastructure and operations: stock 
handing facilities, access roads and tracks, storage and maintenance sheds, and accommodation. The 
Mowanjum pivot is proximal to existing station cattle yards and the Great Northern Highway, providing year 
round access. The location is beneficial for transport (cattle, hay, equipment and supplies) and access to 
support services, including veterinary and animal welfare services.  
 
The site selection process should consider whether future expansion will or may be required and whether the 
site allows for this. Maintaining the ability and ease of scaling up in the future is also relevant to infrastructure 
and system design.  
 
The site selection process is also important ensuring efficient approvals processes and to ensuring acceptable 
environmental and heritage outcomes are met. Project approval and other requirements may include: 
approval to clear native vegetation (clearing permit or environmental impact assessment process), water 
licence, pastoral diversification permit, heritage clearance, development approval, building licence, land 
tenure and native title requirements.  These processes may require some shifting and redesign to avoid 
impacts, or otherwise minimise impacts to an acceptable level. Assessments and survey work will be required, 
will take time and can be affected by seasonal variations. The best advice is to undertake this work early, get 
the site right the first time and avoid changes during the approvals process.  

5 CAPITAL EXPENDITURE AT MOWANJUM 

5.1 Capital expenditure 
 
The capital expenditure to establish the Mowanjum Irrigation Trial pivot site was $2,439,576. This included the 
cost to establish the pivot site itself as well as ancillary areas including the access road from the Great 
Northern Highway, the water pipeline corridor, the fertigation and equipment shed, and the fence and fire 
firebreaks around the pivot paddock.  The original budget and actual expenditure by broad line item is shown 
in Table 2. 
 

Item Budget ($) Actual ($) Components 
Development Planning 90,000 101,943 Design and infrastructure specification sourcing 

Groundwater bores 530,000 632,000 Ground works for 2 x production; 6 x 
monitoring bores 

Vegetation clearing 150,000 137,727 38 ha site, buffer and surrounding area 

Access roads and tracks 100,000 124,300 Derby highway to irrigation site 

Fencing 175,000 303,454 Pivot boundary, internal (fixed and electric) and 
central steel yards precinct 

Bore pumps 189,000 179,061 Supply and installation of 1 x electric 
submersible bore pump and generator and 1 x 
line shaft turbine bore pump 

Main pipe bore to pivot 139,000 129,239 Supply and install 400mm piping from 
fertigation shed to the pivot 

Pivot irrigator 396,000 222,418 Supply and installation of 38 ha T-L Centre Pivot 
Irrigator system with Polycoat, including Isuzu 
Hydraulic pumping unit and Agsense precision 
software 

Fertigation and equipment 
shed 

22,000 22,000 Supply and build onsite shed housing control 
room and fertigation system 

Power supply 111,000 102,061 Supply and installation of power distribution 
boards and solar hybrid power system 
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Instrumentation and 
controls 

100,000 136,911 Supply, installation and configuration of 
telecommunications controls and program 
interface, weather station, soil moisture 
probes, and NDVI camera 

Fixtures and tanks 210,000 246,235 Supply and installation of fertigation facilities 
and tanks, WoW and auto draft hardware and 
interface 

Fixed irrigation pipes and 
cables 

62,000 46,151 Supply and installation of fertigation and stock 
water piping, bore pump/pivot hard wiring 

Field preparation and 
seeding 

53,000 56,076 Field works for levelling, tilling and seeding  

    
Total 2,327,000 2,439,576  

Table 2– Establishment budget and actual expenditure 

  
A lesser upfront investment and faster return on that investment is possible for new pivot irrigation projects 
that seek to learn from the Mowanjum experience. Savings can be made in the following key areas. 
 
Fencing  

Fencing costs were incurred above the original budget associated with changing from an eight cell “hotwired” 
pivot configuration, to a four cell conventional fence structure. Installation of permanent gates along the new 
cell fences was also required to allow the pivot wheel frames to pass through. The contract for supply and 
construction of the fencing was outsourced.  
 
Groundwater bores 

The design, materials and drilling specifications for the groundwater bores associated with the Mowanjum 
Irrigation Trial were significant. It can reasonably be anticipated that these costs will not be as high for other 
similar-scale irrigation enterprises. 
 
In-house resourcing 

Most planning and site establishment costs associated with the Mowanjum Irrigation Trial were outsourced to 
external contractors. Costs savings can be achieved on new projects through the delivery of this work in-house 
by the pastoral business using station labour and equipment. Examples include clearing of vegetation, land 
preparation, and establishment of roads and tracks.  
 
The Mowanjum Irrigation Trial costs associated with clearing, roads and fencing ($565,481), development 
planning ($101,943) and instrumentation and control technology ($136,911) amounted to $804,335. It is fair 
to say that these costs and others can be significantly reduced through simplification of the system, internal 
resourcing of site works and technology investment aligned with management. 

5.2 Efficiencies from scale 
 
As with any agricultural operation efficiencies can be found with increasing scale. The efficiencies that can be 
expected from increasing the number of pivots in a Stand and Graze pivot irrigation operation include: 

 The ability to increase cattle grazing as cattle can be grazed over more than one pivot. This should 
also reduce the need for slashing. 

 Reduced capital spend per pivot on fertigation equipment as this equipment can support more than 
one pivot.  

 Reduced capital spend per pivot on groundwater bores where there is potential for one production 
bore to support more than one pivot and for existing groundwater monitoring bores to satisfy 
regulatory monitoring requirements. As well as increasing irrigation reliability if a bore breaks down, 
as pivots are able to be supplied water from different bores. 

 Increased utilisation of machinery. 
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 Reduced risk associated with breakdowns as cattle can be moved to different pivots and stocking 
densities temporarily increased. 

6 IRRIGATION TRIAL TIMELINE 
 
It takes time to plan, obtain approvals, establish and commission a Stand and Graze pivot irrigation operation. 
Table 3 outlines the timeline of key events associated with the establishment and commissioning of the 
Mowanjum Irrigation Trial site. 
 

Date Event 

20 March 2014 Application for pastoral diversification permit submitted to the Pastoral Lands Board 

19 June 2014 Application for clearing permit submitted to Government 

17 July 2014 Clearing permit granted 

7 August 2014 Appeal lodged in objection to clearing permit 

7 October 2014 Appeal dismissed  

7 November 2014 Heritage survey undertaken 

November 2014 Main access road constructed. Site clearing, road and fencing works commenced. 

18 November 2015 Pastoral diversification permit granted 

December 2014 Heritage survey report received 

8 January 2015 Application for water licence submitted to Government 

19 January 2015 Groundwater bore drilling rigs arrived on site 

January 2015 

 

Pivot irrigator ordered and contracts awarded for installation of pivot and piping, 
fertigation equipment, bore pumps and generator sets. 

4 February 2015 Drilling of bores completed 

March 2015 Site clearing and construction of perimeter fence completed. Land preparation of 
pivot site underway 

April 2015 Bore pumps installed. Pump testing carried out on fertigation shed bore.  

May 2015 

 

Monitoring of bores and results from pump tests completed as part of 
hydrogeological assessment. 

June 2015 Pivot irrigator delivered and erected. Trenching for mainline piping and laying of 
piping commenced. 

Centre pivot hardstands constructed and concrete pad laid for shed 
Holding yards fencing completed 

Water tank for watering points in the central yard installed 

June 2015 Hydrogeological assessment and report complete 

9 July 2015 Groundwater licence issued by Government 

July 2015 

 

Mainline piping to pivot bore completed 

Construction of central yards and associated infrastructure completed 

Generator sets installed for bore and pumps 

Fertigation system installed  

August 2015 WoW system delivered  
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12 August 2015 Pivot turned ON and first pivot irrigation commenced 

18 August 2015 Pivot seeded with Rhodes grass 

September 2015 

 

Central yard and water points completed and WoW system installed 

Pivot hotwire fencing installed establishing eight grazing cells 
Station mustered for young weaners 

October 2015 First weaners (450 head) mustered onto pivot for rotational Stand and Graze 

1 December 2015 190 bales of hay cut 

December 2015 

 

Hotwire fences replaced with conventional fixed wire fencing reducing the number of 
grazing cells to four. 

January 2016 Cattle moved off the pivot onto rangelands  

May 2016 Agronomist appointed. Irrigation and fertiliser field trials commenced 

December 2017 Field trials concluded 

Table 3 - Irrigation Trial Timeline 

7 IRRIGATION MANAGEMENT 

7.1 Water usage and water licence  
 
In general, a water licence is required to access groundwater for irrigation. Licence applications are made to 
the State Government under the WA Rights in Water and Irrigation Act 1914. Mowanjum Aboriginal 
Corporation obtained a license that allows it to take up to 750,000 kL of water per annum for irrigation and 
stock water.   
 
The annual water entitlement of 750,000 kL equates to a maximum irrigation application rate of 19.73 ML/ha. 
This quantum was calculated using existing water use rates for perennial grasses in northern Western Australia 
and evapotranspiration measurements from the Curtin Air Base. The total annual Eto for the locality is 
2335.75mm/ha and annual rainfall is 698.2mm.  
 
Modelling to determine the required water entitlement for irrigation needs to account for extreme seasonal 
conditions (dry) rather than the long-term average season, particularly as the importance of the pivot 
irrigation activity will be at its highest in the drier seasons. It is important not to run out of water allocation in 
these seasons. 
 
The Mowanjum Irrigation Trial demonstration site ran for 28 months from August 2015 to December 2017. 
Table 4 shows the actual irrigation water usage per calendar year. Table 5 shows the irrigation water usage by 
month together with total rainfall and evaporation rate by month.  
 
The two wet seasons within the demonstration period were of two extremes. The long-term average annual 
rainfall for the BoM site at the nearby Curtin Air Base is 698.2 mm. A total of 219 mm was recorded at this site 
over the 2015/16 wet season (December to April) compared to the following 2016/17 wet season which 
recorded 993 mm.   
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The figures in Table 4 and Table 5 are a good indication of the amount of water that will be required for pivot 
irrigating in the Kimberley on Pindan soils. 
 

Period  ML/ha  Pivot total 

Aug 2015 – Dec 2015 7.69 292.22 ML 

Jan 2016 – Dec 2016 16.62 631.56 ML 

Jan 2017 – Dec 2017 14.25 541.50 ML 

Table 4 - Water usage per calendar year 

 
    Jan Feb Mar April May June July Aug Sept Oct Nov Dec 

Total Eto 

20
15

 

       1.98 2.33 2.49 2.60 2.47 

Total Rainfall        - - 0.31 0.10 0.30 

Total Irrigation        0.61 1.85 2.03 1.79 1.41 

Total Eto  

20
16

 

2.09 2.04 2.13 2.06 1.54 1.62 1.82 2.01 2.33 2.54 2.71 1.99 

Total Rainfall  1.65 0.16 0.07 0.01 0.05 - - 0.27 - 0.09 0.06 3.37 

Total Irrigation  1.53 1.53 1.53 1.53 1.53 1.53 1.23 1.20 1.08 1.88 1.48 0.59 

Total Eto  

20
17

 

1.72 1.54 1.79 1.87 1.72 1.77 1.86 2.12 2.40 2.64 2.55 2.45 

Total Rainfall  1.51 4.04 0.79 0.21 0.18 - - - - 0.07 0.08 2.21 

Total Irrigation  1.00 0.45 0.69 1.48 0.88 1.01 1.32 1.46 1.69 1.81 1.28 1.19 

Table 5 - Irrigation application, rainfall and evaporation rates (ML/ha) by month 

7.2 Irrigation scheduling  

7.2.1 Introduction 

Irrigation scheduling is the decision about when and how much water to apply to a crop to maximise 
productivity. Irrigation scheduling in Australia is difficult because of the variable and unpredictable climate, 
frequent summer storms and changes to prevailing air temperatures. Correct irrigation scheduling improves 
water use efficiency, reduces water logging, controls crop canopy development, quantifies the effectiveness of 
rain and allows better management of soil structure issues. Despite available technology, irrigation scheduling 
remains a subjective topic as irrigators debate the pros and cons around larger, less often applications 
compared to smaller more frequent applications (Wigginton, D. et al, 2013). 
 
Irrigation scheduling needs to be structured utilising a combination of environmental variables, crop 
characteristics, soil infiltration rates, site slope, and soil moisture probe data. It is worth spending time 
learning how to structure irrigation scheduling when setting up a pivot operation. 

7.2.2 Crop factor analysis 

Evaporation-based scheduling is part of a systemic approach to efficient irrigation that considers plant and 
environmental factors to determine the crop water requirement. Matching irrigation to demand involves 
taking account of environmental variables and crop characteristics to ensure water is delivered when required 
and does not exceed the storage capacity of the soil.   
 
Plant water use is determined by external environmental factors and plant factors. Environmental factors 
include climate and weather, temperature, wind speed, solar radiation and relative humidity. Plant factors 
include plant type, height, colour, leaf area, age and condition. Eto is the term used to describe the part of the 
water cycle that removes liquid water from a vegetated area and the atmosphere by the processes of both 
transpiration and evaporation.  
 
As plants grow, produce more leaf, start producing fruit and approach maturity, the proportion of Eto that 
needs to be replaced by irrigation changes. Changes in water requirements and the proportion of Epan or Eto 
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to be replaced are called crop factors. Crop factors are generally split into periods of growth that relate to key 
stages in the plant’s development. For the Mowanjum Irrigation Trial, the water requirements were calculated 
using Eto and this was utilised throughout the data analysis.  
 
The Eto data from Curtain Air Base was used as the proxy for the pivot site due to its close proximity.  The 
long-term average annual Eto for the Curtin Air Base is 2,335.75 mm/ha or 23.36 ML/ha. The calculated crop 
factor at the Mowanjum Irrigation Trial site varied over the course of the calendar year, as expected due to 
variations in environmental factors over the course of the year. The variation in crop factor is shown in Chart 2.  
 
The crop factor used for irrigation scheduling over the Mowanjum Irrigation Trial demonstration period 
averaged 0.57. This crop factor was a function of environmental conditions only. The primary reason for this is 
that the plant growth stage was always different in each of the four grazing cells due to selective grazing by the 
cattle and subtle changes in soil characteristics and topography across the pivot site.  
 

      
Chart 2 - Monthly crop factor from January 2016 to December 2017 

7.2.3 Water infiltration and runoff 

Pivot slope and soil water infiltration rates need to be considered when setting irrigation rates. The 
Mowanjum Irrigation Trial pivot site is characterised by Pindan soils and a sloping topography resulting in 
water run-off at irrigation rates above 15 mm in a single pass (pivot rotation). The soil was unable to take up 
the water as quick as it was being applied. Therefore Irrigation scheduling was structured around this limiting 
factor. 
 
The infiltration rate is the velocity or speed at which water enters the soil. It is usually measured by the depth 
(in millimetres) of the applied irrigation water layer that can enter the soil in one hour. The water inflation rate 
differs across the Mowanjum pivot. The velocity of application is lowest near the centre of the pivot and 
highest at the outside of the pivot. Water application calculations needed to be determined based on the 
higher application velocity on the outer spans of the pivot.   
 
Refilling the soil profile after a breakdown is important to ensuring the plants start to grow at the optimal rates 
as quickly as possible. Rhodes grass roots function primarily in the top 80 cm of the soil profile and, as a result, 
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this part of the soil profile dries out the fastest after a pivot breakdown. The RAW in the top 75 cm is roughly 
45 mm in a Pindan soil. This can take more than three days to replace at a maximum irrigation rate of 15 mm 
per pivot rotation. 
 
Spreader bars on the outer spans of the pivot can increase the area irrigated by 50% which can reduce the 
average application rate by approximately 30% measured as millimetres per hour. A spreader bar is an 
irrigation fitting that allows two nozzles to attach from the main pivot pipe instead of one. By fitting spreader 
bars the application rate is reduced which will reduce the risk of run-off.  
 
Cattle tracks exacerbated run off on the pivot and are difficult to manage. It is important to monitor the cattle 
tracks as part of pivot operations and adjust irrigation rates where appropriate. 

7.2.4 Soil moisture probes 

A Sentek moisture probe was installed in the final few months of the demonstration. The moisture probe was 
helpful in verifying the prior irrigation strategy and putting a more objective measurement around irrigation 
scheduling. Moisture probe data is easily interpreted with only a basic understanding of technical terminology 
required. Soil moisture probes provide for the objective measurement of the following characteristics: 

 Field capacity, being the amount of soil moisture held in soil after excess water has drained away. 

 Refill point 

 Readily available water 

 Soil water logging 

 Peak water use by the plant 

 When the plant is in moisture stress 

 Leaching, by monitoring water movement at depth. 
 
Irrigation scheduling decisions should be made when the soil moisture is between the full (field capacity) and 
refill points, known as the RAW. This can be visualised like a fuel gauge as illustrated in Figure 4. The irrigation 
amounts will vary across different soil types.  
 
The Pindan soils at Mowanjum Irrigation Trial site are estimated to hold around 110 to 120 mm of total water 
in the top one metre of soil. If half of this is available to plants then this represents 60 mm in one metre. The 
Rhodes grass roots at Mowanjum extended to about 70 to 80 cm. Assuming the roots are active to 50 cm then 
the RAW is roughly 30 mm. 
 

 
Figure 4 - Irrigation Scheduling Gauge (Wigginton, D. et al, 2013) 
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7.3 Nutritional benefits of groundwater 
 
Groundwater contains natural levels of nutrients which need to be accounted for in calculating fertiliser 
requirements. Table 6 shows the natural nutrient and mineral content of groundwater at Mowanjum as 
sampled in January 2016. While the amounts appear minor, the total contribution of nutrients from ground 
water is significant due to the volume of water that is applied, over 15,000,000 litres of water per hectare per 
year.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7 shows the quantities of various nutrients and minerals applied to the Mowanjum Irrigation Trial pivot 
by month over the course of the 2017. As can be seen, significant nutrients are supplied by the groundwater. 
Over the 12 months nearly 84 kg of nitrogen was applied. This is the equivalent to 182 kg/ha of urea. 513 
kg/ha of nitrogen is required to grow 38 Mt of dry matter, therefore 16.3% of the total nitrogen required is 
supplied by the nutrient levels in the irrigation water. More than 50% of the annual zinc requirement and 25% 
of copper is supplied by the groundwater.  

Monitoring of groundwater quality, including the irrigation water supply bores, is a standard requirement of 
water licences, including Mowanjum’s groundwater licence. Appendix 2 shows the water quality results for the 
two Mowanjum production bores from samples taken in January 2016. This is an example of the type of water 
quality report that will be received and then needs to be monitored for any results that are outside the short 
and long-term trigger levels associated with the ground water licence. 
  

Element Level (mg/L) 

Nitrogen 5.875 

Phosphorus 0.00525 

Potassium 4.975 

Sulphur 0.115875 

Copper 0.055 

Zinc 0.115875 

Molybdenum 0.0005 

Manganese 0.0087 

Calcium 4.325 

Magnesium 6.425 

Table 6 – Groundwater nutrient analysis 
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8 FERTILISER 

8.1 Fertiliser strategies  
 
There is limited knowledge for agronomy in general in the West Kimberley region and broader northern 
rangelands in Western Australia. The fertiliser strategies budgeted and implemented at Mowanjum were 
drawn from knowledge of irrigation strategies in the south west of Western Australia, the Douglas Daly region 
of the Northern Territory, and the east coast of Australia. The soil type and environmental differences 
between Mowanjum and these other places is considerable and more work is needed to determine the best 
practice guidelines for the Kimberley to ensure the most profitable results for similar operations. 
 
A limitation of the Mowanjum Irrigation Trial was that the economic and operational impact of increasing or 
decreasing fertiliser rates was not definitively determined. It will be important to develop fertiliser response 
curves in the future to help irrigators have a better handle on the cost benefit analysis of their operations. 

8.2 Mowanjum fertiliser strategy and usage 
 
The annual production of Rhodes grass at Mowanjum was assessed as 37.5 MT of DM/year from measured 
early plant growth. The fertiliser strategy for the Mowanjum Irrigation Trial site was based on a nutrient 
balance sheet constructed from this assessed annualised production level and the calculated individual 
nutrient removal from this production. From this base target, each month of the year was allocated a 
production target as a factor of Eto. Each month was expected to produce a yield as a percentage of the 
November yield as November has the highest long term Eto at 8.57 mm/day. This percentage calculation is 
shown in Table 8.  
 

 Jan Feb March April May June July Aug Sept Oct Nov Dec 

Tonnes DM/ha 2.87 2.91 2.92 2.88 2.60 2.44 2.56 2.98 3.61 3.93 4.09 3.73 

Yield as % of 
November Epan 

70 71 71 70 64 60 63 73 88 96 100 91 

Long term daily 
Eto 

6.01 6.09 6.11 6.03 5.45 5.11 5.37 6.24 7.57 8.23 8.57 7.81 

Table 8 - Estimated yield based on evapotranspiration 

While there are a range of other factors that affect production and nutrient requirements, this model was a 
good base for the nutrient budget. Appropriate adjustments were made in response to changes in seasonal 
and operational conditions and the results of tissue and soil testing. Visual assessment also informed the 
fertiliser strategy.  
 
Application timings and proportions, volatilisation of nitrogen (the loss of nitrogen to the atmosphere) and 
application methods require further investigation to determine the most optimal regime for optimal 
production and economic return. At Mowanjum, fertiliser was applied to the pivot in a quarterly, monthly and 
weekly combination using both tractor and spreader and fertigation. Phosphorus was applied quarterly 
through a spreader in the form of Triple P. A base rate of NKS21 (nitrogen, potassium, sulphur) was applied in 
the first week of each month through a spreader. Nitrogen, Potassium and trace elements were topped up as 
required through fertigation depending on the month and the production potential.   
 
In the absence of data from similar irrigation operations in the northern rangelands, it is unknown precisely 
where the annual product target of 37.5 MT of DM/ha sits on the production potential curve. However, from 
the literary review, it would appear this level is in the 92 percentile range of achievable production. 
 
A total of $94,618 or $2,489.95/ha was spent on fertiliser over the last 12 months of the Irrigation Trial 
demonstration, January to December 2017.   
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8.3 Nutrient balance sheet 
 
The nutrient removal from producing Rhodes grass per metric tonne of dry matter is well documented. 
Fertiliser calculations assumed that every metric tonne of dry matter produced is removed and therefore there 
is no recycling of nutrients within the system. Clearly not all nutrients would be removed, however, this factor 
was not assessed as part of the Mowanjum Irrigation Trial.  
 
Table 9 shows the fertiliser and associated nutrients applied in 2017. Table 10 shows the nutrient balance for 
January to December 2017. The balances improved in 2017 compared to 2016, in particular sulphur and 
potassium, which were particularly deficient prior to 2017. While there appeared to be a significant excess in 
nitrogen when calculating the balance sheet, visual yellowing in the leaves was common (an indicator of 
nitrogen deficiency), particularly on the weaker soil type areas of the pivot. The plant tissue and soil test 
results also show low levels nitrogen. 
   
We also now know from the soil moisture probe data that leaching is not an issue over the dry season, 
therefore only very limited amounts of nutrients would be lost this way during the dry season. Volatilisation 
may be seeing a loss in nitrogen however the irrigation rate is at 15 mm when fertiliser is applied suggesting 
that nitrogen should be washed in to the soil enough so that there are no losses from volatilisation.  

8.4 Understanding the soil type 
 
As well as being important to irrigation scheduling understanding the soil type of the irrigation site will also 
help determine: 

 Fertiliser strategies 

 Crop types that can be grown 

 Soil amelioration requirements 

 Yield potential 

 Nutrient availability 
 
Soil types will vary (sometimes subtly) across a site. These variations need to be understood as they will impact 
performance if not accounted for in operational management. Soil testing of the Mowanjum Irrigation Trial 
site was undertaken at the inception and at the end of the demonstration period. The results illustrate the 
subtle differences in soil type across the Mowanjum pivot site and provide a general guide of Pindan soil 
quality. The results are provided in Appendix 3. 
 
Soil testing was also undertaken throughout the demonstration period. This helped to increase understanding 
of the operation and to generate and adapt fertiliser strategies. Despite the significant fertiliser applications as 
part of the Irrigation Trial, there were only marginal lifts in soil fertility over the period of the demonstration. 
This result is expected to be a function of:  

 The Pindan soil type, being a sandy soil with limited ability to increase in fertility;  

 The wet season and, in particular, the large wet over the summer of 2016/2017 which leached 
nutrients out of the soil; nutrients that were built up over the dry season; and 

 The length of time required to lift organic matter and the associated positive impacts on general 
fertility.  

 



 
   
  Mowanjum Irrigation Trial 
  Industry Report – August 2018 

25 
 

 

Ta
bl

e 
9 

- F
er

til
is

er
 a

pp
lie

d 
an

d 
nu

tr
ie

nt
 su

m
m

ar
y 

fo
r t

he
 2

01
7 

ca
le

nd
ar

 y
ea

r 



 
   
  Mowanjum Irrigation Trial 
  Industry Report – August 2018 

26 
 

 

Ta
bl

e 
10

 - 
N

ut
rie

nt
 b

al
an

ce
 s

he
et

 fo
r 2

01
7 

ca
le

nd
ar

 y
ea

r 



 
   
  Mowanjum Irrigation Trial 
  Industry Report – August 2018 

27 
 

One of the key observations from the Mowanjum Irrigation Trial was the impact of the large wet season in 
2016/2017 on the fertility of the Pindan soil. The soil nutrient improvements developed over the dry season 
were quickly undone over the wet season. A number of 100 mm plus events caused significant leaching. 

8.5 Tissue testing 
 
Plant nutrition tissue testing was undertaken throughout the demonstration period to ensure optimal plant 
health and that the correct fertiliser regime was in place. Tissue testing was undertaken at different sites on 
the pivot on each occasion, which needed to be accounted for when interpreting the results. The plant tissue 
testing results are discussed below.  
 
Nitrogen 

Total nitrogen levels remained low to just reaching sufficient throughout the demonstration period. This 
confirms that, due to the mobility of nitrogen, nitrogen should only be applied as required rather than large 
applications less regularly especially over the wet season.  
 
Phosphorus  
Phosphorus levels increased in plant tissue testing results over the demonstration period. Phosphorus 
application rates were increased after the first 12 months of the demonstration period. The tissue testing 
results justified this increase and confirmed high application rates of phosphorus are required to maintain 
satisfactory production levels. 
 
Sulphur 

Sulphur levels increased from marginal to sufficient, primarily as a result of increasing the amount of sulphur 
applied on the pivot to better match the plant requirements. 
 
Potassium 

The plant tissue test results for potassium were mixed, although all results were below preferred levels. There 
was a minor improvement in potassium levels over the course of the trial period. The high production of 
fodder and the associated high removal amounts of potassium makes applying the replacement amount of 
potassium being removed economically unviable during the period, which will be impacting this result. Wet 
season leaching would have also had an effect. 
 
Sodium and Chloride 

Sodium and chloride levels were consistently high but slowly fell over the demonstration period. The high 
levels did not appear in the soil test results and the likely reason for this is the proximity of the pivot site to the 
ocean and consequent salt carried in the sea breeze. 
 
Following the leaching event associated with the 2016/2017 wet season, the Rhodes grass plant turned a pale 
green and yellow with some purpling, visual signs of nutrient deficiency. In the event of a large wet season the 
soil needs to be treated as if it were virgin country again. The soil fertility will need to be rebuilt. These events 
will reduce the ability to lift long-term fertility.  
 
It is important to be ready for a significant fertiliser regime immediately after the wet season to bring growth 
back in line with the environmental potential. The health of the Rhodes grass at Mowanjum was quickly 
rectified after the fertiliser regime was applied. 

8.6 Soil moisture and fertiliser application  
 
Controlled soil moisture enables fertiliser and nutrient management to be precisely executed. Control over 
soils moisture can ensure that fertiliser applications are pushed to depths to reduce volatilisation while 
avoiding leaching and ensuring adequate plant available moisture and nutrition. 
 
The ability to control soil moisture is dependent on a prior understanding of the soil characteristics across the 
pivot area including soil water holding capacities and infiltration rates. The ability to control soil moisture can 
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be significantly improved with the addition of soil moisture probes to provide live and objective information 
about soil moisture levels at the required depths.  
 
Soil moisture levels can be tightly controlled over the dry season when there is no rainfall however this control 
changes over the wet season. Large rainfall events push moisture through the soil profile carrying mobile 
nutrients into the root zone. Fertiliser application in the wet season should: 

 Be smaller and more frequent than in drier periods; 

 Include frequent application of phosphorus, even though phosphorus is less mobile; 

 Be undertaken immediately after large rainfall events once the soil moisture has fallen to an 
acceptable level; and 

 Not be undertaken in the seven days prior to forecast rainfall events as the fertiliser will not have 
sufficient time to convert to plant available forms but can still leach out of the soil. 

8.7 Normalised Difference Vegetation Index  
 
Live green vegetation absorbs visible light (solar radiation) as part of photosynthesis. At the same time, plants 
scatter (reflect) solar energy in the near infrared. This difference in absorption is unique to live vegetation and 
provides a measure of the greenness of the vegetation. 
 
The Normalised Difference Vegetation Index (NDVI) is an index that measures this difference, providing a 
measure of vegetation density and condition. It is influenced by the fractional cover of the ground by 
vegetation, the vegetation density and the vegetation greenness. It indicates the photosynthetic capacity of 
the land surface cover. 
 
Satellite NDVI technology is readily available and is largely free. Figure 5 shows NVDI imagery from the 
Mowanjum Irrigation Trial pivot for May 2016 and 2017. The imagery shows a significant improvement in the 
Rhodes grass growth and health, primarily as a result of the improved fertiliser and irrigation regimes and 
improved grazing and slashing techniques. 
 
There are limitations with using satellites. The information from satellites is not live and not as detailed as a 
pivot mounted camera. However, a combination of visual site inspections and satellite NDVI imagery together 
with soil testing and plant tissue testing should provide sufficient information to ensure optimal fodder 
production. 

  
 

 
Figure 5 - NDVI imagery for May 2016 and 2017 
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9 CATTLE MANAGEMENT 

9.1 Matching cattle numbers to pivot capacity 
 
The principle for optimal plant health and beef production is to match the number of cattle on the pivot to the 
growth rate of the Rhodes grass so that it is maintained predominantly in the vegetative phase of its life cycle. 
Cattle need to be grazing predominantly leaf to generate optimal weight gain performance. Rhodes grass can 
move from the vegetative (predominantly leaf) phase to the reproductive phase of its life cycle very quickly 
(within 12 to 15 days).  
 
The number of cattle that can be held on the pivot changes according to the changing environmental 
conditions. Cattle numbers need to be adjusted monthly to match the changing environmental conditions and 
then tweaked according to the immediate weather being experienced. It is imperative to have a management 
plan to match the cattle numbers to the monthly carrying capacity of the pivot. The cattle numbers required 
per month, or metric tonnes per hectare of live weight, are now well known and are required to ensure 
positive financial returns from the pivot.  
 
It is not practical to have cattle readily available to muster onto the pivot as soon as needed, as was experience 
at Mowanjum. To compensate for this the strategy was to run the cattle numbers on the pivot at just below 
optimal, allowing for any possible slowdown in growth, and then to mechanically manage the growth stage of 
the Rhodes grass through slashing any cell that had developed too far into its reproductive phase. 
 
One of the key objectives in managing a stand and graze centre pivot operation is to match the cattle numbers 
to what the pivot can hold. Overstocking of the pivot causes over grazing while understocking causes the 
Rhodes grass to overgrow and lose its nutritional quality. The right number continually changes with each 
month and therefore a robust forward plan needs to be in place for accessing or reducing cattle numbers.  
 
The variation in required cattle numbers over the calendar year is large and will be one of the most difficult 
operational factors to manage. Demand for cattle to match the required numbers for the pivot does not neatly 
coincide with muster timing. In addition, cattle are ideally added frequently or removed from the pivot in small 
numbers to correctly match the constant seasonal changes in fodder production. Frequent mustering of small 
numbers of cattle is impractical. For Mowanjum, this issue was somewhat mitigated through a private business 
partnership that enabled access to a greater herd beyond Mowanjum Station.   
 
Table 11 shows the changes in the potential carrying capacity of the Mowanjum pivot over the course of a 
year. The figures should be used as a guide only as climatic conditions will change across seasons with the 
need to adjust stocking rates accordingly. The carrying capacity peaks in November at 5.12 MT/ha with 811 
head of 240 kg calves. July has the long-term lowest carrying capacity of 1.67 MT/ha, with 264 head of 240 kg 
calves. The difference in stocking capacity by month is significant and highlights the management challenge of 
sourcing cattle to match the pivots requirements.  
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Month MT/ha of Cattle No. of 240 kg 
cattle/ha 

Total on pivot 
(Hd) 

January 3.64 15 577 
February 3.12 13 494 

March 2.91 12 461 
April 2.60 11 412 
May 2.29 10 362 
June 1.87 8 296 
July 1.67 7 264 

August 2.08 9 329 
September 3.12 13 494 

October 4.16 17 659 
November 5.12 21 811 
December 4.68 20 741 

Table 11 – Potential Monthly carrying capacity of Mowanjum centre pivot 

The actual peak carrying capacity from the trial period of 4.76 MT/ha was achieved in December 2017 (Table 
13). The pivot was able to carry additional stock at this time which gives underlying confidence in the figures in 
Table 12.  

9.2 Weight gain data analysis 
 
Cattle weight gain data was one of the key pieces of information required from the Mowanjum Irrigation Trial 
to give confidence around the viability of a Stand and Graze operation. Weight gain data was captured from 
July to December 2017 from 735 head of cattle. The average weight gain results from the data was very 
consistent.  
 
The weight gain data from July to December 2017 was extrapolated for the January to June period to generate 
the annualised total weight gain that is possible on a pivot. The key statistical finding from this was that cattle 
should expect to gain 0.378% of body weight per day. This enabled the accurate calculation of the total annual 
live weight gain achievable on the pivot through combining the weight gain rates with the carrying capacity 
rates.  
 
Table 12 shows the potential total annual live weight gain achievable on a 38 ha pivot in the Kimberley of 
162,791 kg based on carrying capacity per hectare multiplied by the expected daily weight gain of 0.378% of 
live weight. Table 13 shows the actual live weight gain that was achieved on the Mowanjum pivot between 
July and December 2017. The weight gain data for January to June of 2017 was populated from the equivalent 
carrying capacity and weight gain as a percent of live weight to give an annual result. The revised figure of total 
annual live weight gain is 140,676 kg.  
 
Combining the two results, the annual total live weight gain achievable in the Kimberley under a Stand and 
Graze pivot operation can be expected to be within the range of 3,702 to 4,284 kg/ha/year. 
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Table 13 - Actual total carrying capacity and live weight gain data for July to December 2017 

 

9.3 Weight gain analysis discussion 
 
The fundamental requirement of a Stand and Graze operation is live weight gain. The results from the 
demonstration at Mowanjum were higher than forecast for cattle grazing on Rhodes Grass. The weight gain 
data was very consistent across all the data sets, which were established from large numbers of cattle. This 
provides confidence in the weight gain numbers and that they will be able to be replicated in the greater 
Kimberley region. 
 
The most value figure established from the Mowanjum Irrigation Trial data was the live weight gain achievable 
as a percentage of body weight:  0.378%. This result was achieved on young cattle, of predominantly 
Droughtmaster genetics coming off a significant wet season. Investigation is required into the effects of cattle 
variables including different ages, breeds and condition.   
 
As discussed earlier, weight gain data and known carrying capacity enables the generation of the total 
kilograms of live weight produced annually. Based on the long-term average data it is theoretically possible to 
produce 4,283 kg/ha/year. This would require operating the pivot at its peak capacity and adjusting cattle 
numbers constantly to match grass production. This is not practically possible and therefore a realistic aim is to 
operate at 85 to 90% of potential, similar to the Mowanjum Irrigation Trial demonstration. 
A practical and achievable production level is 3,750 kg/ha/year of live weight gain. The annualised operational 
costs of the pivot can then be combined with the production potential to generate the cost of production and 
therefore the minimum price of cattle required in live weight terms to justify operating the pivot. This is 
discussed further in section 14. 

Table 12 - Potential total annual live weight gain for 2017 
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9.4 Key management strategies  
 
The Mowanjum Irrigation Trial revealed a number of key management strategies that must be implemented to 
optimise weight gain performance. These are as follows.  
 
Matching cattle numbers to grazing capacity 

This management aspect will have the biggest impact on the quality of feed and weight gain.    
 
Accessing and grazing leaf 

The Rhodes grass sward requires continuous monitoring and management. The more cattle on the pivot, the 
more need for leaf over stalk.  
 
Forward planning 

Pre-empting the weather and consequent changes in growth rates is important so you can be prepared to 
manage these changes. If the Rhodes grass grows faster than the cattle can graze and goes to head it can take 
three to four weeks to bring the sward back to the optimal structure.  
 

Preparation of cattle before entering the pivot 

An animal coming off poor feed onto the pivot can be set back because of the high protein and energy content 
of the Rhodes grass relative to rangeland pastures. It is important to feeding hay to the cattle for a short 
period so that they come onto the pivot with a full gut.  
 
Other measures 

Administering the correct veterinary protocols and providing access for lick blocks to address deficiencies are 
also important.    

10 PASTURE 

10.1 Potential crop types  
 
A range of potential crop types can be grown under pivot irrigation in the Kimberley.  The primary aim of 
growing any crop is to grow as large a yield as possible of the highest quality. There are a range of factors to 
consider when determining crops to be grown. Crops can be:  

 Perennial or annual 

 A legume or grass 

 Sown as a single type or a mixture (for example grass mixed with legume). 
 
There are advantages and disadvantages associated with all options. The crop selection will depend on a range 
of factors influenced by the individual operation: 

 The time of year the main fodder growth is required (winter crop or summer crop) 

 The aim to produce bulk fodder (perennial) or quality fodder (winter legume) 

 Whether operation will be Cut and Carry or Stand and Graze 
 
An additional factor to consider when selecting a crop type is how long it can survive without being irrigated 
and then how well it can recover. One of the advantages of a perennial, such as Rhode grass or Panic grass is 
that they are very hardy and will survive for long periods without water. The plant will recover relatively 
quickly with return of moisture. In the case of an annual, such as maize, moisture stress would induce the plant 
to survival mode, moving it into the reproductive phase and severely impacting production.    
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It is important to spend the time researching and planning the operation to ensure selection of the most 
optimal crop. Research into crop alternatives is required to provide additional data and information to help 
commercial decision making processes. 

10.2 Rhodes grass overview 
 
The Mowanjum Irrigation Trial investigated Rhodes grass. A mixture of two varieties were sown: Katambora 
and Finecut. 
 
Rhodes grass is a summer-growing, tufted perennial with vigorous early growth and runners which rapidly 
cover the soil surface. It is adapted to a wide range of soil types, growing best on loams and brigalow soils. It 
has a vigorous root system, capable of extracting water from more than four metres deep. Rhodes grass is 
highly salt tolerant and moderately frost tolerant. It will not tolerate shade or water logging and contains low 
oxalate levels making it safe for horses to graze. Optimum growing temperatures range between 20 and 37 
degrees.  
 
Rhodes grass grows 60 to 160 cm tall and leaf blades are flat or folded 12.5 to 45 cm long and 1 to 2 cm wide. 
The inflorescences have between 6 and 15 one-sided spikes, clustered at the end of stem. The spikes are 5 to 
10 cm long with numerous green spikelets, turning copper brown when mature.    
 
Rhodes grass spreads naturally by seed and runners. It can be sown as a pure stand or as a mixture with a 
legume to increase feed quality. It can be used for grazing or cutting for hay.  
 
Katambora Rhodes grass is a highly stoloniferous, versatile variety that will grow in a wide range of soil types. 
It displays superior drought tolerance and the ability to grow on lower fertility soils. Katambora is a diploid, 
earlier, quite variable, flowering variety that is well suited to hay production. It has a high number of growing 
points with a very prostrate growth habit. Katambora has finer but quite coarse leaves and stems making it 
less palatable than newer varieties.  
 
Katambora will cope with a wider variation in soil moisture conditions than other varieties and will cope with 
periodic waterlogging. Its ability to cope with different soil moisture conditions makes it a useful variety in 
heavier country where it competes aggressively with weeds. 
 
Finecut Rhodes grass has been bred from Katambora types for improved establishment, dry matter production 
(23% increase over Katambora in trials), and silage or hay production. Being a synthetic variety derived from 
Katambora, Finecut Rhodes grass is very similar to Katambora and has the following key attributes: 

• Increased dry matter, silage or hay production capacity, relative to Katambora 

• Upright growth habit, uniform flowering characteristic, and finer stemmed compared to older varieties 

• Active in summer where soil moisture is available 

• Adaptability to a wide range of soils and a degree of tolerance to saline conditions (Cook, B.G et al, 2005) 
 
A production issue that became evident at Mowanjum was the short time it would take for the Rhodes grass to 
go the head after grazing or slashing.  This was as short as 14 days in the peak growth period from October to 
December. This severely reduced the nutritional value of the Rhodes grass and is one of the primary 
disadvantages of using shorter season varieties.  
 
Further work is required around varietal selection using longer season Tetraploid types with the aim of 
increasing the time it takes for the grass to enter the reproductive phase. Tetraploid varieties are late 
flowering types from tropical regions that are tall (more than 1.8m) and have coarse leaves, stems and stolons. 
They are strongly stoloniferous, leafy, late flowering, drought-tolerant and have high dry matter production. 
Their main advantage is that they only flower late in the season, in response to short-day lengths, so feed 
quality is maintained for longer. They are generally more palatable and have a tendency to be preferentially 
grazed when sown with other subtropical grasses. 
 
The Rhodes grass at Mowanjum performed well both in terms of the amount of dry matter produced and the 
cattle weight gain generated. Careful management is required to optimise performance, however, 
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management effort translates to benefit and therefore Rhodes grass is a serious option for consideration as a 
crop for any stand and graze operation in the Kimberley. 

10.3 Rhodes grass production at Mowanjum 
 
Rhodes grass production at Mowanjum was measured as hay production. From the various hay production 
results it has been forecast that the annual production of Rhodes grass at Mowanjum is been between 35 and 
40 MT/ha/year of dry matter production. The midpoint was used for modelling purposes: 37.50 MT/ha/year. 
 
One of the objectives of the Mowanjum Irrigation Trial was to quantify monthly hay production by measuring 
the potential growth for each month. Chart 3 shows the variation in hay production at Mowanjum by month 
across the calendar year. Knowledge of the significant monthly variance in production enabled improved 
understanding of the carrying capacity of the pivot by month in terms of kilograms of available protein per 
hectare. This supported operational planning and management.  
 
Early hay production data, together with Eto and carrying capacity data was used to calculate the forecast 
monthly production. As an example, the evapotranspiration rate for June is 66% of the November rate 
therefore the forecast dry matter production for June is 66% of November production. In addition to Eto, plant 
growth is also affected by: 

• Cool periods – the growth of Rhodes Grass is significantly impacted at temperatures below 13 degrees  

• Water logging over the wet season – consistent heavy rain creates very wet conditions, even in the Pindan 
sands, causing leaching of fertiliser 

• Management techniques – the uniformity of grazing and the height to which the grass is grazed or cut 
impacts overall grass production and sward nutritional quality. If the sward is cut too low the recovery 
time is lengthened as the plant doesn’t have enough leaf area to photosynthesise and grow at its 
maximum rate 

 
While these other factors are relevant, the correlation between Eto and production is surprisingly linear and 
therefore carrying capacity can be forecasted confidently from these numbers.  
 

 
Chart 3 - Estimated production (MT) of dry matter on the Mowanjum pivot per month 
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10.4 Rhodes grass agronomic characteristics 

10.4.1 Establishment agronomy  

The following recommendations apply to the establishment of irrigated Rhodes grass. 
  
Seeding rates - Apply seed at a rate of 3 to 5 kg/ha. Sward density is correlated to production so 5 kg/ha is 
recommended.  
 
Time of sowing – The general recommendation is to sow in spring once the minimum soil temperature reaches 
above 17 degrees. Due to the cooler temperatures compared to those experienced in summer, sowing in 
spring is the optimum time to keep the top soil moist allowing an easier germination.  
 
Sowing method - Seed should ideally be shallowly drilled into the seedbed with a precision planter fitted with 
press wheels. Seed may also be directly broadcast onto the seedbed. Being a small seed, it should not be 
covered by more than 5 mm of soil. At Mowanjum the seed was planted with a precision disc combine seeder 
which gave a great establishment. 
 
Weed Control - It is important to control weeds prior to sowing to ensure weeds do not compete with the 
establishing seedlings and the eventual crop is weed free. If necessary, seek advice from an agronomist for 
herbicide recommendations. Weed control methods will depend on the weed burden.  
 
Fertiliser - Use a starter fertiliser with nitrogen, phosphorus, sulphur and trace elements. It may also be 
necessary to top dress potassium prior to sowing if the soil tests dictate. 
 
First grazing - Let the plant mature all the way through to seed set before first grazing.  Monitor the first few 
days of grazing to ensure the cattle do not pull the plants out of the ground. Graze down to a height of 100 to 
150 mm then take the cattle off. 
 
Irrigation - Keep the top soil, containing the seed, moist until germination. This will depend on soil 
temperature, however, germination should take somewhere between 6 and 14 days. 

10.4.2 Operational agronomy and management  

The following recommendations apply to ongoing management of the Rhodes grass crop once established. 
 
Fertiliser application  

Rhodes responds extremely well to high rates of fertiliser application. It is important to apply the complete 
spectrum of fertiliser as growth will otherwise be limited by the limiting nutrient. Most commentary suggests 
that simply increasing a single element such as nitrogen will increase yield. While this will work to an extent, 
the best results and economic return on fertiliser spend will be achieved by optimising all the major elements.  
 
Fertiliser should be applied frequently, especially on sandy soils under irrigation. Application frequency also 
depends on an element’s mobility in the soil and the plant requirement. Fertiliser was applied to the 
Mowanjum pivot using fertigation and a tractor with a 3-point linkage spreader as required, to match the 
monthly forecast growth.    
 
Section management 

It is important that fertiliser application is responsive to the underlying soil type. The soils on the Mowanjum 
pivot were mapped into three sections according to soil type. Higher rates of fertiliser were applied to the 
lightest soil type to compensate for the lack of natural fertility.  
 

Fertiliser toxicity 
Fertiliser toxicity is a serious issue that needs to be managed given the high levels of nitrogen being applied 
throughout the year and the small amounts required to kill an animal. Fertiliser toxicity can occur in two main 
ways: 
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 Cattle drinking irrigation water that has pooled in pivot wheel tracks. Do not put cattle in grazing cells 
that are being fertigated.   

 Cattle ingesting small clumps of nitrogen fertiliser spilt during spreading.  Irrigate after fertiliser has 
been applied to a cell before putting cattle back to graze the cell. 

 
Slashing strategy 

The Mowanjum pivot is divided into four cells, which didn’t allow for intensive enough stocking rates to 
achieve a uniform sward height when the cattle exit the cell. As a result, plant growth was at differing stages 
throughout the cell. In this circumstance, cattle preference for the fresh young leaf over the older more 
mature plants, would further exacerbate the plant unevenness across the cell in subsequent grazings. Slashing 
the whole cell to the desired height is required to overcome the unevenness. 

 
The original strategy at Mowanjum was to slash the cell in one pass, which could involve cutting the grass by as 
much as 400 to 500 mm. This left a significant amount of biomass on top of the Rhodes grass which caused 
thinning of the Rhodes Grass and, in turn, impacted grass production and carry capacity. The thinning effects 
of this slashing strategy can be clearly seen in Figure 6. 

 
The revised slashing approach was to slash the cell to the required height (approximately 100 mm) in three 
passes (each of approximately 100 – 150mm) instead of one and to graze the cell in between each pass. The 
revised slashing strategy took three to four weeks to complete. This strategy enabled the cattle to selectively 
graze the fresh leaf after each pass as well as some of the cut grass. This reduced the amount of cut biomass 
on the pivot and enabled the Rhodes grass plants to grow through the biomass, maintaining the sward density. 
The grazing time is important to ensure the cattle are predominantly eating fresh leaf with maximum 
nutritional quality.  

 
The improvement in grass density as a result of the revised slashing strategy was significant.  The improved 
grass density can be seen in Figure 7.   

 

 
Figure 6 - Results from original slashing strategy 

 
Figure 7 - Results from adjusted slashing strategy 

Considerable work is involved in slashing the cell in three passes. An alternative is to mow and bale the cell 
into hay thereby removing the excess biomass and avoiding adverse impact on sward density.  

 
Towards the end of the Mowanjum Irrigation Trial the original single pass slashing strategy was implemented 
due to a shortfall in labour at the time and unavailability of equipment for mowing and baling.  As expected, 
plant density was impacted due to the significant biomass left on the pivot. However, despite the impact on 
sward density, the carrying capacity of the pivot peaked at 4.75 MT/ha marginally below the forecast carrying 
capacity peak of 5.12 MT/ha. This result provides confidence in the peak forecast carrying capacity, which can 
be expected to be achieved with the implementation of an optimal slashing strategy. 
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Insect management 
Pivots can be a green oasis in an otherwise dry expanse with little available feed, especially in the dry season. 
Therefore continuous monitoring of insects is required.   
 
Figure 8 shows the damage that can result from insect damage. It shows leaves partly eaten along the side and 
translucent grey areas within the leaf. This impact to the Rhodes grass on the Mowanjum pivot was caused by 
an unknown flea and grass hoppers. The insects were controlled at a minimal cost using an insecticide and the 
plants recovered quickly. 
 
Further investigation is required to identify the insect types that will attack irrigated fodder crops in the 
Kimberley and the numbers to warrant control. The insect numbers at Mowanjum were relatively low 
(measured qualitatively only) however there was still economic benefit to controlling them particularly given 
the low cost of control (approximately $4 to $5 per hectare), the relatively small control area (i.e. 38 ha) and 
the high production levels being targeted.  
  
Weed management 
Rhodes grass under pivot irrigation needs to be treated like any other crop. To achieve the highest yield, the 
crop needs to be clean of weeds, both broad leaf and grass weeds. A considerable advantage to growing crops 
in the Kimberley region is that herbicides are not in high use and therefore there should be no resistance to 
herbicides. 
 

 
Figure 8 - Insect damage on the pivot 

 
In the event weeds appear on the pivot it is important to control them immediately so they do not progress to 
set seed. A broad leaf weed, native dock, appeared in low numbers on the Mowanjum pivot over the winter of 
2017. Figure 9 is a picture of one of the native dock weeds. The native dock will set large seed numbers and 
regenerate in significant numbers taking considerable time to bring under control if not dealt with promptly. 
Considerable effort was put into controlling it to ensure it was not able to take hold and set a seed bank on the 
pivot. The infested areas were sprayed with a three metre ute sprayer with 2,4,D Amine at a rate of 1.5 L/ha. 
This controlled the weed and avoided any damage to the Rhodes grass.  
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Some water weeds appeared on the Mowanjum pivot mainly around the central yard, water troughs and walk 
through weigh area. These were controlled with a spot sprayer. Early spot spraying is another good weed 
control method. 

 
Weed prevention 
Preventing weeds from entering the pivot in the first place is also an important part of pivot management. 
Weeds can be carried on to the pivot via wind and birds, cattle, and through the rumen. Another potential 
source of weeds is hay brought onto site.  
 
It is impossible to control what comes in with the wind and birds. However monitoring and managing weeds 
immediately surrounding the pivot will help reduce the likelihood of weeds entering the pivot area. Monitoring 
and managing weeds in the area surrounding the pivot will also assist in minimising the spread of weeds via 
rumen given the cattle will have access to those areas for shade and rest and will re-enter the pivot from 
there.  Finally, if hay is bought on to site from elsewhere, it is important to ensure that it is weed free. 
 

 
Figure 9 - a native dock that appeared on the pivot 

11 OPERATIONAL MODELS AND STRATEGIES 

11.1 Stand and graze & cut and carry models 
 
There are two primary ways that a centre pivot irrigation system can be used to put on weight on cattle: Stand 
and Graze or Cut and Carry. Both models have their pros and cons and both can be more profitable than the 
other depending on the market structure and the individual operation. The most suitable model depends on 
the needs and required outcomes of the particular pastoral operation.  The benefits and weaknesses of each 
option area summarised in Table 14. 
 
Stand and Graze was the model applied in the Mowanjum Irrigation Trial. It involves grazing the cattle directly 
on the pivot area. As described in this report, the pivot area is divided into cells and the cattle graze on 
rotation. 
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A Cut and Carry model involves cutting the fodder produced on the pivot area and then ‘carrying’ it to cattle 
off the pivot area. The fodder can be provided to cattle in hay, silage or haylage form. Haylage is cut like hay 
but semi-wilted rather than completely dried. Forage with dry matter concentrations between 50 and 70% are 
called haylage, or fresh cut hay. Cattle managed in association with a Cut and Carry model can be kept at 
densities ranging from intensive feedlot style to broadacre backgrounding. Other feeds, such as grains or 
pellets, can be can be added to the overall ration. 
 

Benefits  Weaknesses 

Stand and Graze 

Lowest capital requirement as minimal mobile 
plant and equipment is required 

There can be difficulties in managing sward evenness.  

Lower labour requirements as cattle simply live 
and graze on the pivot 

Ongoing challenge matching cattle numbers to 
changing carrying capacity. 

Lowest cost base model but does not translate to 
the most profitable model. 

Most suited to a perennial fodder type that 
regenerates after grazing, that generally has lower 
nutritional values. 

Simplest model with less management 
requirements 

Shade is provided off the pivot site meaning cattle 
need to move on and off the pivot to access feed and 
shade.  

Can be managed remotely through computer or 
mobile phone applications if necessary 
technology is installed.  

In a single pivot operation it is difficult to maintain 
required stocking densities to evenly graze the cells. 

 

Cut and Carry  

Improved fodder utilisation 
 

Higher capital cost as more infrastructure (feeding 
yards and plant and equipment) is required. 

Increased carrying capacity in terms of number of 
cattle that can be fed from the pivot. 

Higher labour requirements 

 

Wider range of crops can be grown under this 
model, with higher nutritional values. 

Higher cost base model 

 

Higher annual production through broader range 
of crops. Production can reach 40 to 50 MT/ha of 
dry matter through growing two crops in one 
year.   

Management presence required at the pivot every day 
to feed the cattle. 

Improved weight gains  

Table 14 - Benefits and weakness of operational options 

11.2 Stand and graze operational strategy at Mowanjum 
 
The predominant operational strategy under the Stand and Graze model at Mowanjum was to wean calves at 
a lighter weight than normal and placing them on the pivot until they progressed to a saleable weight for the 
live export market. Early weaning allowed the mother to get back into better condition sooner increasing her 
chance of getting back into calf thereby increasing the overall weaning rate on the station. 
 
Sourcing calves at the required time to match the changing carrying capacity of the pivot proved beyond the 
available cattle on Mowanjum station. Young cattle brought onto the station from Pardoo Station enabled the 
supply gap to be filled.  
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The Stand and Graze model fitted well into the Mowanjum pastoral operation with a range of benefits seen. It 
enabled weight to be put onto saleable cattle to target the most profitable time to sell, enabled early weaning 
of calves and provided a drought release valve to protect breeders. 

11.3 Breeder condition improvement 
 
A Stand and Graze or Cut and Carry model can be used to generate breeder unit condition score 
improvements. Progeny production is the key driver behind commercial returns. Progeny production is directly 
related to the breeder condition. A mustering cycle can provide breeders the opportunity to benefit from time 
spent on a well-managed nutritional diet post-weaning, improving the animal’s welfare and maintaining 
condition.  
 
There has been relatively little research on how forages might be best integrated into a whole of enterprise 
beef operation. Having access to a consistent fodder supply throughout the year, whether through Stand and 
Graze or Cut and Carry, provides opportunities for early weaning, relieving pressure from the breeder and that 
of the rangelands. Having access to stored hay with some pellets and backgrounding of weaners in associated 
yard facilities, can allow breeders to regain body condition more quickly each year and potentially lift overall 
breeding rates. The increase in calf numbers and reduction in breeder mortalities has the potential to drive 
additional profit. 

11.4 Wet season grazing versus hay production  
 
Effective pastoral station integration depends on two key management areas: matching cattle to the carrying 
capacity of the pivot (addressed in section 9.1) and effective use of the pivot over the wet season. Kimberley 
rainfall events are significant and create conditions that are far from ideal for optimising plant growth on the 
pivot. Key management issues and questions that need to be addressed over a good wet season are: 

 Leaching on fertiliser following large rainfall events on sandy soils (discussed in section 8). 

 Reduced growth rates caused by waterlogging and anaerobic conditions, together with hot 
conditions.  

 Whether there is enough feed on the rangelands to carry the cattle and maintain an acceptable level 
of weight gain. 

 Whether there is benefit in the operational model changing to a Cut and Carry model to produce hay 
for use within the operation and as a saleable item for additional revenue generation. 

 
A strategy that may be worthwhile exploring is to destock the pivot over a good wet season and returning the 
calves to the rangeland when there is good young green feed. The pivot can then be used to produce hay for 
use during mustering and weaning, and in the yards to prepare cattle for grazing on the pivot or readying them 
for sale. This strategy was not tested at Mowanjum. 
 
By reducing fertiliser applications to minimise leaching potential and irrigation rates over the wet season to 
utilise the rainfall benefit, the cost base of the pivot operation was reduced. At this point the priority strategy 
should be to graze the cheaper feed available on the station, contributing to an increase in profitability. 

11.5 Drought impact mitigation 
 
A pivot irrigation operation provides a tool to assist with managing the impact of drought periods on the 
pastoral enterprise. Breeders can be moved from the rangelands onto the pivot for either condition 
improvement or joining. This will have the advantages of: 

 Protecting the rangelands 

 Reducing the requirement to sell breeders in extreme conditions 

 Improving conception 

 Improving breeder condition 
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12  PIVOT IRRIGATOR MAINTENANCE AND SUPPORT 
 
The life span of a pivot and required repairs and maintenance will be influenced primarily by water quality. 
Good quality, low salinity water will increase the expected life of the pivot and required repairs. Poly lining the 
inside of the pivot pipework will help increase the life span of the pivot by reducing rusting. Poly lining is an 
additional cost to the purchase price of the pivot. 
 
The Mowanjum pivot was new, poly lined and hydraulically driven and the groundwater used for irrigation was 
of very good quality. At the conclusion of the Mowanjum Irrigation Trial in December 2017, the pivot was less 
than two and half years old and operated through its most reliable period. The minor breakdowns that 
occurred were for short periods and were caused by a broken uni-joint on the main drive shaft on the pivot 
and blown out rubber bungs. The breakdown periods impacted plant growth and available feed, however, the 
downtimes were short enough that cattle did not run out of feed. The routine maintenance undertaken on the 
Mowanjum pivot is set out in Table 15. 
 

Pivot Frequency 

Nozzle cleaning, including sand trap. As required and will depend on water quality 

Hydraulic motors and oil: levels checked and 
changed 

As required 

Greasing of motors and axles: important to 
keep greased and water free 

As required 

Hydraulic oil Checked regularly and changed as required 

Generators Frequency 

Oil and fuel filter changes As required 

Greasing Daily or as per instruction manual 

Table 15 - Mowanjum pivot maintenance 

Investigate accessibility of parts and availability of skilled support when choosing a pivot type and brand. It is 
important to confirm that there will be ready access to parts and skilled support in the case of a breakdown to 
problem shoot and undertake repairs.  Prolonged breakdowns can have serious implications for the health of 
the crop and the cattle. For example, if the pivot broke down for an extended period in the middle of 
November with up to 800 head grazing on the pivot the cattle would need to be put back out on the station or 
supplementary fed while the pivot is repaired and the crop recovers. 

13 LABOUR REQUIREMENTS  
 
Labour requirements need to be understood and managed. Access to skilled labour is essential to ensuring the 
operation is efficient and profitable.  The labour required to operate the Mowanjum pivot was estimated as 
being half an FTE overall. The FTE requirement on any particular day or at any particular time would vary 
according to the particular activity being undertaken.  The main activities requiring labour are outlined below. 
 
Fertiliser spreading and mixing for fertigation 
Spreading fertiliser directly onto the pivot was more labour-efficient than fertigation. Spreading enabled a 
large volume of fertiliser to be applied in a relatively short period of time, 4 MT in four to five hours. It took up 
to six hours to manually mix 1.0 to 1.5 MT of the granular fertiliser to liquid prior to fertigation. It was a time 
consuming process due to the design of the mixer. 

 
The source of fertiliser and the mixing set up are important considerations for any new operation. The most 
efficient labour-efficient option for fertigation purposes is to purchase bulk, high concentrate, pre-mixed liquid 
fertilisers containing nitrogen, potassium and sulphur. These are sourced and trucked directly from southern 
Western Australia. They can be freighted in 100+ MT lots for efficiency.  
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The cheaper option is to purchase granular fertiliser however an efficient mixing system is essential to ensure 
the process does not take excessive time. The granular fertiliser is mixed with water as required for fertigation. 
Fertiliser is purchased as needed. 
 
Cattle Management 

Time needs to be spent with the cattle to manage their stress levels and ensure they are calm and putting on 
the most weight. Cattle also need to be moved from cell to cell, roughly weekly depending on carrying density 
and the pivot set up. Optimising the pivot design is important to maximise the efficiency of cattle movement 
and management.  The vegetated area immediately adjacent to the Mowanjum pivot was used as a rest and 
shade area for the cattle. While this is essential for the overall operation this required additional labour hours 
to muster the cattle back on to the pivot. Thinning of vegetation surrounding the pivot improved mustering 
efficiency and the associated labour demand.  

 
Labour is required to measure cattle weight gain and to draft out sale cattle as required. At Mowanjum, cattle 
from the pivot were walked to the cattle yards approximately 500 metres from the pivot and processed to 
measure weight gain and draft out sale cattle.  The Mowanjum pivot design includes a Walk on Weigh system 
designed to do both auto weigh and draft, however, it was not operational for large parts of the Mowanjum 
Irrigation Trial, primarily due to technical and hardware faults. A reliable system would be beneficial to a Stand 
and Graze operation and significantly reduce labour requirements.  
 
Time was also spent keeping cattle within the required grazing cell. Cattle worked out how to open to pivot 
gates and walk between cells. Gate type selection is important with some improved designs now on the 
market.    
 
Slashing and making hay 

Labour is required to slash or cut the grazing cells for hay to bring the sward back to the desired structure. This 
needs to be done periodically. Slashing of the Mowanjum pivot was undertaken every four to eight weeks.  As 
discussed in section 10.4 of this report it is important to manage the amount of cut grass that remains on top 
of the sward. This may result in the need to slash up to three times.  
 
Servicing and Maintenance 
Time needs to be spent maintaining and servicing the pivot as discussed in the previous section.  

14 PRODUCTION AND FINANCIAL BENCHMARKS  
 
The principal aim of a Stand and Graze irrigation operation is to grow as much high quality fodder as efficiently 
possible at the lowest cost and convert that nutrition into kilograms of protein as quickly as possible. 
Management intricacies to optimise the output from these operations still require further understanding and 
development despite the lessons learned from the Mowanjum Irrigation Trial. Part of this process will be to 
develop performance indicators and benchmarks. The key production and financial benchmarks that were 
developed from the results of the Mowanjum Irrigation Trial are as follows. 
 
Metric tonnes of dry matter production by month 

 Ranged between 2.44 MT/DM/ha in June and 4.09 MT/DM/ha in November 

 Resulting in a total dry matter production of approximately 37.50 MT of DM/ha per annum 
 
Pivot carrying capacity of cattle live weight by month 

 Ranged between 63.46 MT and 194.56 MT 

 This equates to 264 and 811 head respectively if using animals at an average weight of 240 kg  
 
Breakeven analysis 

 Sale $1.91/kg of liveweight gain 

 Sale $187.04/MT of fodder as hay 
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Weight conversion 

 0.378% of body weight per day or 0.71 kg/hd/day for a 200 kg animal 

 Total annual pivot beef production potential range of between 140,626 kg and 162,791 kg 

 0.70 kg weight gain/day/hd annualised on the pivot for carrying capacity produces 141,798 kg. At 
$2.50/kg of beef the total revenue potential calculates at $354,495 

 
Table 16 shows the revenue potential that can be generated from the 38 ha pivot based on kilograms of 
weight gain per head per day.  
 

Kg weight gain/day/hd  0.40 0.50 0.60 0.70 0.80 0.90 1.00 
Kg weight gain per annum  81,027 101,284 121,541 141,798 162,055 182,312 202,569 
$/kg of beef $1.50 121,541 151,926 182,312 212,697 243,082 273,468 303,853 
 $2.00 162,055 202,569 243,082 283,596 324,110 364,624 405,137 
 $2.50 202,569 253,211 303,853 354,495 405,137 455,779 506,422 
 $3.00 243,082 303,853 364,624 425,394 486,165 546,935 607,706 

Table 16 - Revenue potential 

Production Costs  
Table 17 sets out the approximate production costs that can be expected on a year in year out basis.  
 

Cost item Cost per ha  
($) 

Cost per annum 
($) 

   
Depreciation (excluding remote monitoring) 739 28,080 
Fuel, oils and electricity 1,733 67,392 
Oils and lubricants 113 4,300 
Electricity 32 1,200 
Maintenance and repairs 421 16,000 
Herbicides and insecticides 105 4,000 
Fertiliser 2,490 94,618 
Veterinary stock health 218 8,300 
Contractors, including agronomy 1,158 44,000 
Labour 1,135 43,125 
Insurance 237 9,000 
Total $8,421 $320,015 
   
Breakeven $/kg of beef  $1.91 
Breakeven $/MT of fodder  $187.04 

Table 17 - Approximate production cost per hectare and per annum 

The following key drivers have a direct relationship with the resulting production and financial benchmarks. 
 
Financial drivers 

 Improvements in conception and weaning rates  
 Increases in breeder carrying capacity and condition 
 Potential excess fodder sales = Hay (fodder) produced in excess of internal requirement 

 
Operational Drivers 

 Understand plant productivity and recovery time 
 Access to cattle to match plant productivity. There is no point growing feed if you cannot eat it. 
 Use rangeland grass when available and produce hay or silage. Why eat expensive grass when you do 

not need to? 
 Background cattle to achieve condition on a rising plain, improving weight gain. 
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 Genetics is a key factor to feed conversion and weaning rates, environment adaptability and weight 
gain. 

 Health and wellbeing management through veterinary specifics and mineral supplements will improve 
the production system. 

 
To measure and compare performance across different irrigation operations and continuously improve and 
develop strategies to maximise production from these operations, it is important that industry benchmarks are 
developed ensuring consistent measures and terminologies are used. This will enable different operations to 
be measured and compared on a like for like basis. It is important that industry bench marks are developed in 
parallel with development of the Stand and Graze industry. 
 
For example, it is important to measure the cattle on the pivot as a function of kilograms per hectare rather 
than number per hectare. Larger calves will eat more and put more weight on per head per day. In addition, 
weight gain should be measured as the percentage of body weight or as kilograms per hectare of live weight 
gain, rather than kilograms per head per day because, again, the weight gain of a larger animal is not directly 
comparable to a smaller animal.  

15 TRANFERABILITY OF THE MOWANJUM MODEL  
 
Replicating the Mowanjum pivot operation is certainly feasible within the West-Kimberley region in locations 
where there is suitable and sustainable water supply. The key lesson learnt from the trial is that Stand and 
Graze operations are complex and it is extremely important to spend the time researching the design and fit of 
such an operation into the existing business.  
 
An ongoing commitment to learn and adapt and manage the intricacies of the operation is also key to 
transferability. Limited information was available at the inception of the trial in 2015 and subsequently the 
Mowanjum Irrigation Trial has provided key results and outcomes for improving industry knowledge and the 
requirements moving forward. 
 
The ability to convert the water resource into a commercial operation with adequate returns is difficult and 
many factors need to be considered and evaluated. Many of these factors have been covered in this report. 
Establishing the best operational strategy and defining how the investment integrates into the business is key 
to determining the return characteristics.  
  
The Mowanjum trial provided outcomes that will be valuable to other pastoral operations seeking to diversity 
their operations and lift productivity. It was immediately evident on commissioning that the system required a 
high level of skill and knowledge to operate, yet by utilising the key components of the infrastructure to the 
best advantage, production results contributed significant benefit to the business. 
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Appendices 

1. Additional information on infrastructure and equipment 

Grazing cell fencing 
Where “hot wire” fences are being considered for a Stand and Graze pivot irrigation operation, “walk over 
wheels” will be required. Each pivot wheel assembly contains an insulated skid, which pushes the electric 
fence over and enables the pivot to walk over the fence as illustrated in Figure A1.  

 

 
Figure A1 - Pivot wheel skids to walk over electric fences 

The conventional fences that replaced the hotwire fences in the Mowanjum Irrigation Trial are 7-line ringlock 
fences with a top line of barbed wire supported by galvanised steel picked posts. Cement-fixed self-closing 
spring loaded gates provide for wheel access. Figure A2 shows one of the conventional fences spans at 
Mowanjum. 
 

 
Figure A2 - Conventional fences with spring loaded gates for pivot wheels 
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Fertigation tanks 
A 5000 L mixing tank is at the centre of the fertigation system at Mowanjum. The mixing tank is agitated by a 
recirculating pump and eductor as illustrated in Figure A3.  After mixing, the resultant liquid fertiliser mix 
(nutrient solution) is stored in one of two 25,000 L nutrient solution tanks, one for Nitrogen solutions and the 
other for Potassium and other elements. 

 

 
Figure A3 - Mixing tank with water jet eductor (black pipe, bottom left) and ball valve to prevent 

overflow. 

Monitoring and Control System 
The fertigation control system is located in a cool room within the fertigation shed.  It contains a high level of 
automation and monitoring capability compared to traditional agricultural systems, allowing remote access for 
irrigation and fertigation control. This system was not put to its most optimal use in the Mowanjum Irrigation 
Trial primarily due to mobile data signal challenges and operator capacity to use the full functionality and 
capabilities of the technology. The computer runs a Microsoft Windows operating system with third party 
application software installed to interface, control and monitor the pivot, bore pump flow, fertigation, weather 
station and soil moisture probe. The system can be accessed through both onsite and remote login. Figure A4 
shows the fertigation control and start screens at Mowanjum. 
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Figure A4 - Fertigation Control and Start Screen 

Pivot Controller 
The pivot irrigator is controlled for ON / OFF activation by its own independent software controller which is 
remotely configured using an interface on the main control system at the fertigation shed. Although the pivot 
is not controlled by the main control system, the location of the pivot and flow rate are monitored by this 
system through the software interface, which enables the data to be collected by one system.  
 
A variety of irrigation programs, including water application rates and fertigation, can be entered into the pivot 
controller. Figure A5 shows the pivot control internet interface. Note the capacity to operate to a minimum of 
15 degree segments. 
 

 
Figure A5 - Pivot control by internet interface 
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Weather Station 
Figure A6 shows the data outputs from the weather station at Mowanjum as viewed from the screen in the 
control room. Figure A7 shows the weather station itself mounted to the roof of the fertigation shed.  
 

 
A6 - Weather station data output 
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Figure A7 - Weather Station Hardware 

Soil Moisture Probes 
Figure A8 show the graphical representation of soil moisture information over a period of 30 days from soil 
moisture probes at Mowanjum. This information is accessed via internet based software for remote login. The 
Sentek soil moisture probe provides valuable information for agronomic requirements. 
 

 
Figure A8 - example of Mowanjum soil moisture probe readings 30 day period 
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Remote Livestock Monitoring System 
Figure A9 depicts the Inward Trap to the central yard. Figure A10 shows the configuration of the Outward Trap 
which incorporates the RLMS. Figure A11 shows the RLMS auto draft capability on the Outward Trap. Figure 
A12 shows the internet interface to the RLMS showing weight data for an individual animal. Figure A13 shows 
the weight distribution of the herd as a whole.  

   
Figure A9 - Inward Trap Figure A10 - RLMS 

Outward Trap 
Figure A11 - RLMS Auto 
Draft 

 
Figure A12 - Individual animal weight growth 
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Figure A13 - Pivot herd weight distribution over a period 
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2. Mowanjum water quality analysis 
 

 
Table A1 - Mowanjum production bore water quality test results 
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3. Mowanjum soil testing results 
 
Table A2 - Soil test results at inception of the demonstration 

 
 
Table A3 - Soil test results from end of the demonstration (8 December 2017) 
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4. Variations in soil type across the Mowanjum site 
 
Table A4 shows soil testing results from two different locations on the Mowanjum pivot site. The results 
highlight differences in soil type.  The main differences between these two particular soil testing locations are 
the levels of Nitrate, Ammonium, Potassium, Sulphur, Copper and Zinc.  
 
Table A4 - Soil test results from Mowanjum from two locations 

 
 
Figure A14 shows the general soil quality areas within the Mowanjum pivot. The areas are largely defined by 
where they lie in the terrain profile. The areas highest in the profile are poorer in quality. Moving down the 
terrain profile the soil quality becomes average and then strongest in the lowest part of the profile. 
 

 
Figure A14 - Mowanjum pivot broad soil type areas and soil testing sites 
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Acronyms and Abbreviations  
  

$  Australian Dollar 
%  Percent 
3G  Third Generation 
BoM  Bureau of Meteorology 
cm  Centimetre(s) 
CP  Crude Protein 
DDRS  Douglas Daly research Station 
DM  Dry Matter 
DPIRD  Department of Primary Industry and Regional Development 
Epan  Evaporation 
Eto  Evapotranspiration 
FTE  Full-time equivalent 
ha  Hectare 
hd  Head 
K  Potassium 
kg  Kilogram(s) 
km  Kilometre(s) 
L/s  Litres per second 
m  Metre(s) 
ME  Metabolisable Energy 
mg/L  Milligrams per litre 
ML  Megalitre(s) 
mL  Millilitre(s) 
mm  Millimeter(s) 
Mn  Manganese 
Mo  Molybdenum 
Mowanjum Mowanjum Aboriginal Corporation or Mowanjum Station 
MT  Metric Tonne 
N  Nitrogen 
No.  Number 
NDVI  Normalised Difference Vegetation Index 
P  Phosphorus 
RAW  Readily Available Water 
RLMS  Remote Livestock Monitoring System 
S  Sulphur 
t  Tonne(s) 
WoW  Walk on Weigh 
yr  Year 
Zn  Zinc 
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