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Introduction 
The following impact assessment has been carried out using the guidelines produced by the Council of Research and Development Corporations (CRRDC) (CRRDC, 2018).  
Background
Elevated levels of dissolved inorganic nitrogen (DIN) from agriculture, primarily sugarcane production, has been identified as a significant contributor to the deterioration in water quality entering the Great Barrier Reef (GBR) lagoon. Catchment modelling has indicated that it would be difficult to achieve the water quality target of a 50% reduction in DIN levels by 2018 (Brodie, et al., 2017), even with full adoption of current best practice nitrogen (N) management. 
It is widely recognized that the demand for N in a crop is determined by the size of the crop and the fundamental efficiency with which that crop produces a unit of biomass or harvested product from a kg of acquired N (N use efficiency – NUE) (Bell, 2014). Improving NUE in sugarcane has been identified as a critical component for the economic and environmental sustainability of the industry. 
Research outputs that enable a reduction in N rates without compromising profitability, and that can be rapidly adopted to help deliver reductions in N losses from sugarcane production, especially in the Wet Tropics and Central regions of Queensland (Qld) were urgently required. Increases in NUE can result from: 
the same yield being produced with less fertiliser, 
a higher yield being produced with less fertiliser, or,
a higher yield being produced with the same amount of fertiliser. 
A good understanding of yield potential at the spatial scale of the productivity/decision-making unit (i.e. farm, several blocks of similar productivity, individual blocks or within-block) where N fertilizer management decisions (rate, form, placement, timing) are made was essential, along with an understanding of how that yield potential varies with seasonal conditions and other factors (Bell, 2014).
The 'SIX EASY STEPS®' (6ES) nutrient management program for sugarcane has provided the industry with a set of soil and district-specific guidelines to manage N inputs based on a combination of district yield potential (DYP), organic carbon (C) (%) as an indication of soil N mineralisation capacity and a multiplier. In the current 6ES framework, the contribution of N mineralized from soil organic matter available to the crop is based on the soil organic C. However, considering the hugely variable field conditions that occur industry-wide over a 6-12 month growth period, it was apparent that using a single, fairly unresponsive indicator of soil organic C was only a first approximation, and there was considerable room for refinement.
Project 2015/065 was funded to refine the link between N inputs and crop yield potential to enable growers to better match N fertiliser application rates to the achievable yield potential of a block as influenced by specific soil chemical and physical properties, time of harvest and differences in crop management practices and to enhance steps four and five in the 6ES program.
Project Objectives
The overall goal of the project was to improve NUE across the Australian sugarcane industry. Specific objectives were: 
Evaluate different N rates for specific soil profile groups (well-drained, poorly drained, sodic and non-sodic duplex)
Determine sugarcane yield and economic response to N for sodic soils
Determine sugarcane yield and economic response to N for poorly drained soils
Determine if N rates should be altered for crops harvested late in the season
Assess yield potential constraints for sodic soils
Assess yield potential constraints for poorly drained soils
Determine the impact of improved irrigation management on cane yield potential, timing of N uptake and NUE
Better understand the spatial distribution of soil profile groups with specific yield constraints
Identify opportunities where NUE can be improved through the mitigation of yield constraints at a block or intra block scale
Evaluate the potential improvement in NUE that may result from using achievable yield potentials to calculate the N fertiliser requirement
Develop a set of N guidelines for sodic soils, poorly drained soils and crops harvested late in the season
Evaluate N mineralisation in well-drained, poorly drained, sodic and non-sodic duplex soils
Provide essential soil profile data for inclusion into the "HowLeaky" water balance and water quality modelling software ‘
Cost of Investment for Project 2015/065
The project was funded from August 2015 to June 2020. Estimates of the total investment by Sugar Research Australia Ltd (SRA), the Department of Environment and Science (DES) and others for the five-year project are provided in Table A1.  
Table A1: The Costs of the Investment in Project 2015/065 (nominal $)
	Year ended June 
	DES ($)
	SRA (excluding DES) ($)
	OTHERS* (in-kind) ($)
	Total ($)

	2016
	137,587
	87,807
	87,269
	312,663

	2017
	157,957
	100,808
	100,190
	358,955

	2018
	175,630
	112,087
	111,400
	399,117

	2019
	65,948
	42,087
	41,830
	149,865

	2020
	60,232
	38,440
	38,204
	136,876

	Total
	597,354
	381,229
	378,893
	1,357,476



Sources: (1) Research project agreement (contract) between SRA and the Research Unit SRA, (2) Deed effected between DES and SRA (2015-2020).
 
*Other funding partners included the Research Unit SRA, the University of Southern Qld, and Farmacist.
Real Investment and Extension Costs  
For purposes of the investment analysis, the investment costs of all parties were expressed in 2019/20-dollar terms using the Implicit Price Deflator for Gross Domestic Product (ABS, 2020). No additional costs of extension were included because the primary outputs of the project were communicated directly to relevant stakeholders (e.g. the 6ES Advisory Committee) and to industry through a range of channels including presentations, workshops, scientific and industry publications. 
 Program Management and Administration Costs
The cost of managing the investment varied according to the source of funds. Estimates of the cost of administration and management of the investment by SRA and DES were added to the total project costs currently appearing in Table A1. The management cost multipliers used were as follows:
SRA: 1.10 (based on the project administration costs recognised in the SRA project agreement)
DES: 1.10 
The multipliers are to accommodate the allocation of indirect Research and Development (R&D) expenditure (management and administrative resources) for each organisation across individual projects. This is to ensure the full costs of R&D funding are included as per the CRRDC Guidelines (CRRDC, 2018). The use of multipliers is an accountability item only and does not mean that any of the DES resources granted to SRA are used by SRA to fund project administration or management costs. The DES multiplier applied is to accommodate the resources DES expends in managing the Deed. 
Other funding partners included the Research Unit SRA, the University of Southern Qld (USQ), and Farmacist (a private agronomic solutions provider based in Mackay and the Burdekin, North Qld). The management and administration costs for other project partners (‘others’ in Table A1) were assumed to be included already in the contributions appearing in Table A1. 
Activities 
Nitrogen field experiments
Eight small plot field experiments were established in first ratoon (1R) crops in the Central and Wet Tropics cane growing regions during 2015. Sites C1, C2, C3 and C4 were located in the Mackay district of the Central region and managed by Farmacist. Sites WT1, WT2, WT3 and WT4 were located in the Tully mill district of the Wet Tropics region and managed by SRA.
For the Central region, sugarcane cultivar Q208A was grown at sites C1, C3 and C4 and cultivar Q240A was grown at site C2.  The experiments were located on the following soil series:
· C1 - Marian series soil (Chromosol) at Pleystowe,
· C2 - Victoria Plains series soil (Vertosol) at Walkerston,
· C3 - Calen series soil (Sodosol) at Palmyra, and
· C4 - Sandiford series soil (Sodosol) at Homebush.
At sites C1-C4 a fully randomised split-block (also referred to as a strip-block) design was used to evaluate crop responsiveness to applied N (0, 75, 100, 150 and 200 kg N/ha N treatments) in well-drained, poorly drained, sodic and non-sodic duplex soils for different water treatments (irrigated and non-irrigated). Each treatment was replicated four times.
For the Wet Tropics region, sugarcane cultivar Q208A was grown at sites WT1 and WT2 and cultivar Q200A was grown at sites WT3 and WT4.  The experiments were located on the following soil series:
· WT1 and WT3 – Tully series soil (Kandosol) at Lower Tully and Euramo,
· WT2 – Timara series soil (Hydrosol) at Lower Tully, and
· WT4 – Coom series soil (Redoxic Hydrosol) at Euramo.
At sites WT1 and WT2, five rates of N (0, 70, 110, 150 and 190 kg N/ha) were applied to the same plot locations each year as urea within a randomised complete block design layout containing four replicates.
At sites WT3 and WT4, four rates of N (70, 110, 130 and 150 kg N/ha) and two time of harvest treatments (mid-season and late-season) were applied to the same plot locations each year within a fully randomised split-block (also referred to as a strip-block) design layout containing four replicates.
Nutrients other than N were applied at all four sites according to the results of soil tests and using the 6ES nutrient management guidelines for the Wet Tropics region.
Composite soil samples were collected from 0-20 cm and 20-40 cm soil depths from all plots intended to receive 0 and 150 kg N/ha for soil chemical and textural analyses.
Composite soil samples for soil mineral N analyses were collected in 20 cm increments to a depth of 80 cm from all plots intended to receive 0 and 150 kg N/ha.  
Samples were collected as follows:
· C1: 2015 (post plant), 23 Dec 2016 (post 1R) and 1 Dec 2017 (post 2R),  
· C2: 2015 (post plant), 2016 (post 1R), 27 Sep 2017 (post 2R), 14 Aug 2018 (post 3R) and 5 Sep 2019 (post 4R).
· C3: 2015 (post plant), 2016 (post 1R), 10 Oct 2017 (post 2R), 28 Aug 2018 (post 3R) and 26 Jun 2019 (post 4R).
· C4: 2015 (post plant), 2016 (post 1R), 8 Nov 2017 (post 2R) and 8 Nov 2018 (post 3R).
· WT1: 13 Oct 2015 (post plant), 7 Nov 2016 (post 1R), 21 Sept 2017 (post 2R), 30 Aug 2018 (post 3R) and 10 Oct 2019 (post 4R).
· WT2: 14 Oct 2015 (post plant), 4 Nov 2016 (post 1R), 25 Sept 2017 (post 2R), 31 Aug 2018 (post 3R) and 10 Oct 2019 (post 4R).
· WT3 and WT4 mid-season: 18 Nov 2015 (post WT3 plant), 4 Nov 2015 (post WT4 plant), 27 Sept 2016 (post 1R), 6 Sept 2017 (post 2R), 30 Aug 2018 (post 3R) and 26 Aug 2019 (post 4R).
· WT3 and WT4 late-season: 21 Dec 2015 (post plant), 1 Dec 2016 (post 1R), 29 Nov 2017 (post 2R), 28 Nov 2018 (post 3R) and 20 Nov 2019 (post 4R).
Bulk density was also measured by collecting undistributed soil cores in 5 cm increments to a depth of 100 cm from two locations within each site.
Knowledge of the bulk density for the different soil depths sampled allowed nitrate-N and ammonium-N concentrations (mg/kg) to be reported on an area basis (e.g. kg NO3- N/ha, kg NH4+ N/ha) similar to crop N uptake (kg N/ha). The mean bulk density values for the four different soil depths (0-20, 20-40, 40-60 and 60-80 cm) were applied to the nitrate-N and ammonium-N concentration results received from the laboratory. This allowed nitrate, ammonium and total mineral N values to be reported as kg NO3- N/ha, kg NH4+ N/ha and total kg mineral N/ha, respectively. Total mineral N was determined by summing the nitrate-N and ammonium-N values.
Biomass, crop N uptake and commercial cane sugar (CCS) were measured whilst the sites were being commercially harvested.
At sites C1-4, crop biomass was determined at harvesting by hand cutting twenty whole stalks off at ground level, recording the total weight and partitioning the material into millable stalk (MS), green leaves and cabbage (LC) and dead leaves/trash. The fresh weight of each biomass component was recorded. These data were then combined with the mechanical harvest data to estimate total crop biomass and LC biomass.
At the time of harvesting, six-MS and six-LC samples also were randomly collected from each plot (C1-4) to determine moisture content and N concentration.
A cane bin was fitted with load cells operated beside the harvester to collect and record the weight of mechanically harvested material from a 20 m length of row in each plot. This was used to calculate cane yield. 
For sites WT1-WT4, the total number of stalks in the centre 10 m of rows 3 and 4 of every plot were counted. A total of forty-five consecutive whole stalks were then cut off at ground level from the centre two rows of every plot and the total aboveground biomass weighed. A twenty-stalk subsample was randomly selected from the hand harvested material for partitioning into MS, LC and dead leaves/trash. The fresh weight of each biomass component was recorded.
At the time of biomass sampling, six-MS and six-LC samples also were randomly collected from each plot to determine moisture content and N concentration.
Cane yield was determined from the stalk population and biomass sampling results for each site. 
At the time of biomass sampling, six stalks also were randomly collected from each of the eight plots to determine the CCS content using the standardised near infrared (NIR) methodology. 
Sugar yields (t sugar/ha) were calculated from the sugarcane yield and CCS values.
Nitrogen use efficiency factors calculated for each crop included N utilisation efficiency (NUtE), Fertiliser N uptake efficiency (NUpEFert), Agronomic Efficiency of fertiliser N (AgronEffFert) and Partial Factor Productivity of N (PFPN).
Grower and industry partial economic returns ($/ha) were calculated to account for the cost of N fertiliser, harvesting and levies. 
A standard cane price formula, using a sugar recovery rate of 0.009, sugar price of $420/t, harvesting and levies cost of $10/t cane and nitrogen cost of $1.66/kg N, was applied to the mean cane yield, CCS and sugar yield data for each treatment.
The optimum N rate, defined as the N rate corresponding to 95% of the maximum yield, was calculated for each crop from the mean cane yield N response curves. Indication of the variability in cane yield responsiveness to applied N was provided.
Data from sites C1, C2, C3 and C4 were analysed using a strip-plot analysis of variance with water treatment as the horizontal factor and N treatment as the vertical factor when there were differences between irrigation treatments. Unfortunately, sometimes the interaction between N rate and water treatment could not be analysed due to missing data or no difference in irrigation practices.
A linear mixed model using restricted maximum likelihood was used to analyse the data from sites WT1 and WT2 as the trial design did not sufficiently reduce the spatial variability encountered.
Data from sites WT3 and WT4 were analysed using a strip-plot analysis of variance with N treatment as the horizontal factor and harvest time as the vertical factor.
Identifying and managing potential soil constraints
Major soils with similar agronomic performance and productivity were identified and categorised for the Mackay district. 
For the Wet Tropics region, major soils in the Tully, South Johnstone and Mulgrave mill areas with similar agronomic performance and productivity were identified and categorised for different climatic conditions.
Soils in the Central region were categorised as major sugarcane growing soils if the production area consisted of more than 1,000 ha. 
Long-term historical cane productivity records and known production risks or soil constraints (identified from 10 years of geo-referenced soil test results collected from 0-20 cm) were then used to categorise the major soils into agronomic soil groups.
The focus of assessing soil production risks and constraints was largely based on the probability of a soil to be sodic or experience waterlogging.
Major soils were then categorised as having a low, mild, moderate or severe risk of being sodic. The same categorisations were used to define the propensity to waterlogging of the major soils.
The mean cane yield for each of the major soil types was determined using fourteen years of productivity data from the 2001 to 2014 seasons for the Mackay district.
For the Wet Tropics region, four key stages were used to categorise major soils and identify groups of soils with similar agronomic performance under different climatic conditions. The stages were:
· Stage 1 – Collate relevant datasets. This included sourcing information from soil surveys, an agricultural land use suitability assessment, 6ES soil reference booklet for the Johnstone catchment and expert local knowledge
· Stage 2 – Identify major sugarcane growing soils. Soils in the Tully and MSF northern coastal (South Johnstone and Mulgrave) mill areas of the Wet Tropics region were categorised as major sugarcane growing soils if the production area represented more than 1% of the respective mill areas. 
· Stage 3 – Categorise distinguishing soil features. The water holding capacity, propensity to waterlog and presence of a water table for the major soils was qualitatively assessed for wet and dry years, using the available resources and expert local knowledge. The soil N mineralisation potential (based on soil organic carbon content), chemical and physical properties including position in the landscape were also considered.
· Stage 4 – Develop agronomic soil groups for wet and dry years. The water holding capacity, propensity to waterlog, presence of a water table, N mineralization potential and position in the landscape were used to identify the final soil groups. The major Wet Tropics sugarcane growing soils were classified for wet and dry years given the importance of spring-summer rainfall on cane growth and productivity.
Differences in productivity between soil groups for wet and dry years was investigated for the Tully mill area using spatially referenced, mill productivity data. The categorisation of wet and dry years using total spring-summer rainfall was associated with cane yields for the following harvest year.
Boxplots were produced to determine the shift in the distribution of cane and sugar yields between soil groups for each season. 
Boxplots were also produced to examine the shift in distribution of cane and sugar yields among wet and dry years.
Finally, past regional soil surveys completed were used to determine the spatial distribution of these soil performance groups for wet and dry years.
A new survey then was undertaken with 17 sugarcane growers in the Central region to identify factors/practices contributing to productivity differences between growers. 
Sugarcane growers managing a range of soil types on irrigated and non-irrigated properties were included in the survey. Survey questions focused on machinery operations, nutrient and chemical management, irrigation scheduling, planting, and harvesting operations.
Management practices to mitigate potential soil constraints and improve crop performance for each of the Wet Tropics agronomic soil groups were discussed and identified in combination with experienced local advisory service providers and growers. 
Information contained in industry publications was also reviewed and incorporated into the management strategies suggested for each agronomic soil group.
The project also received input throughout the project from growers, other researchers, industry and government representatives and some adoption and/or communication activities were undertaken in the form of oral presentations at grower shed meetings, advisor updates, stakeholder workshops and articles in scientific and industry publications.
Key Outputs
Nitrogen field experiments
Central sites (C1-4): 
· The climatic conditions experienced throughout the 1R growing season resulted in the 1R crops at all sites producing the highest biomass, yields, N uptake and economic returns. 
· The 1R crops also tended to have greater NUE because of the higher cane yields and higher fertiliser N recovery. 
· NUpEfert was highest in the 1R crop at the well-drained and poorly drained site, 3R crop at sodic site and similar for the 1R and 3R crops at the non-sodic duplex site. 
· In the 1R crop, the well-drained site had lower fertiliser N recovery (ranged from 8.9% to 16.3%) compared to the poorly drained site (ranged from 16.9% to 28.0%).
· The 2R crops at most sites tended to produce the lowest biomass, yields, N uptake and economic returns. This is because the 2R crops were established under higher rainfall and soil moisture with early summer and early autumn rainfall well above the long-term monthly average.
· Fertiliser N uptake and NUpEfert were poor in most seasons. This was most evident in the 3R and 4R crops at the poorly drained and sodic sites. Maximum fertiliser N recovery at the poorly drained site was 13.6% and 16.6% for the 3R and 4R crops, respectively. At the sodic site, maximum fertiliser N recovery in the 3R and 4R crops was 15.3% and 9.5%, respectively.
· In seasons where additional irrigation was applied to the irrigated treatments, fertiliser N uptake and NUpEfert tended to be higher than the rainfed treatment with the exception of the 3R and 4R crops at the poorly drained site and 4R crop at the sodic site.
· The calculated optimum N values were not always lower than the 6ES N guidelines. For example:
· At the poorly drained site, optimum N for the rainfed treatment was lower than 6ES in the 1R, 2R and 3R crops and slightly higher in the 4R crop. Optimum N for the irrigated treatment matched 6ES in the 1R and 4R crops but was lower in the 3R crop. 
· At the sodic site, optimum N for the rainfed treatment was lower than 6ES in the 1R, 2R and 3R crops but higher in the 4R crop. Optimum N for the irrigated treatment was higher than the 6ES in the 3R but matched 6ES in the 4R. 
· At the non-sodic duplex site, optimum N for the rainfed treatment was lower than 6ES in the 1R crop, higher in the 2R and matched 6ES in the 3R crop. Optimum N for the irrigated treatment was lower than the 6ES in the 1R and 3R crops but matched 6ES in the 2R.
· In seasons where the calculated optimum N valued differed to 6ES, the economic returns were not consistently higher than 6ES.
· Collectively, these results indicate there is potential to refine N rates on poorly drained, sodic, and non-sodic duplex soils in some seasons. However, seasonal climatic conditions and the interaction with soil properties, including the presence of soil chemical and physical constraints, soil mineral N, position in the landscape and management history (e.g. possible application of mill by-products) make it difficult to identify opportunities where N rates can be refined without compromising productivity or profitability.
Wet Tropics sites (WT1-WT2):
· The growing seasons associated with the 1R, 2R, 3R and 4R crops were likened to dry, close to wet, close to wet and wet years, respectively based on the amount of spring and summer rainfall during the project. This corresponded with the highest yields being attained in the 1R crop whereas the lowest yields tended to be associated with the 4R crop at both sites. 
· The interaction between seasonal climatic conditions and soil type was also evident. The well-drained WT1 site produced higher fresh and dry biomass, cane and sugar yields and had greater crop N uptake compared to the poorly drained WT2 site in the 1R, 2R and 4R crops.
· Fertiliser NUE factors also reflected the impact of seasonal climatic conditions and interaction between climatic and soil conditions (e.g. inherent soil properties including texture and position in the landscape and total soil mineral N) on crop performance and N uptake. 
· Fertiliser NUE factors were lowest in the 1R crops at both the well-drained and poorly drained sites. This is because of high soil mineral N, especially at the well-drained sites at the commencement of the 1R crop.
· Indicators of NUE, including fertiliser N recovery, tended to be higher at the well-drained site. Even in the highest performing season for the poorly drained site, the Agron Efffert and fertiliser N recovery, was still lower than the well-drained site. At the poorly drained site, fertiliser NUE was highest in the 3R crop.
· The NUtE factor, which describes the efficiency with which the crop uses accumulated N to produce a tonne of cane was highest in the 3R and lowest in the 1R crops at both sites.
· Despite the favourable climatic conditions experienced during the growing season of the 1R crop, it was the least responsive to applied N and this was consistent across sites. This is because total mineral N in the soil profile (0-80 cm) after harvesting the plant crop and coinciding with the commencement of the experiment, was very high, especially at the well-drained site (more than 200 kg N/ha compared to around 90 kg N/ha at the poorly drained site).
· The grower partial and industry net returns for the 1R, 2R, 3R and 4R crops were often higher at the well-drained site because of the higher cane and sugar yields produced. 
· Economic returns aligned with crop performance and fertiliser NUE indices in that the 2R crop at the well-drained site and 3R crop at the poorly drained site resulted in the highest grower partial and industry net returns. 
· At both sites, calculated optimum N values were 30-40 and 20-30 kg N/ha lower than 6ES N guidelines, except in the 1R crop where the difference was much larger.
· The N response curves and associated optimum N values indicated there was potential to refine N fertiliser application rates and improve NUE on well-drained and poorly drained soils, such as the Tully and Timara series soils, encountered at sites WT1 and WT2. 
· However, the results also indicate reducing N rates can result in lower productivity and profitability, especially industry net returns (e.g. 3R and 4R crops at the well-drained site and for all ratoon crops at the poorly drained site). 
· The 6ES N rate often resulted in the most favourable net returns when compared against the calculated optimum N rate. 
Wet Tropics sites (WT3-WT4):
· At both sites,  the majority of total mineral N measured at each sampling event was present as ammonium N for both harvest treatments, except at the commencement of the experiment. 
· Total mineral N in the soil profile (0-80 cm) was similar between sites but tended to be lower in the late-harvest treatments for most sampling events.
· Key differences between the well-drained and poorly drained sites include:
· The well-drained site produced higher fresh and dry biomass, cane and sugar yield and had greater crop N uptake compared to the poorly drained WT4 site in the 1R, 2R and 4R crops. 
· The higher cane and sugar yields achieved at the well-drained site also resulted in higher economic returns and NUE compared to the poorly drained WT4 site. 
· In the 3R crop, fresh biomass, cane yield and NUE tended to be higher at the poorly drained site, for the mid-harvest treatment. 
· At the well-drained site, the highest mean cane yields for the mid-harvest and late-harvest treatments occurred in the 2R and 1R crops, respectively whereas at the poorly drained site, the highest mean cane yield for both the mid and late-harvest treatments occurred in the 3R crop. 
· At the poorly drained site, total fresh biomass and cane yields tended to be more variable between seasons. The difference between mean fresh biomass and cane yields for the mid- and late- harvest treatments also tended to be greater than for the well-drained site in each season. 
· There were large seasonal variations in CCS. At both sites the highest mean CCS for the mid- and late-harvest treatments occurred in the 2R and 4R crops, respectively.
· There were also large site variations in CCS. For example, CCS at the well-drained site was higher than the poorly drained site despite both crops being sampled at the same crop age and on the same day in the mid-harvest treatment of the 3R crop. This may be related to differences in soil moisture (e.g. higher at the poorly drained site because it occurs lower in the landscape).  
· At the well-drained site, the simple measures of NUE indicate the 2R crop was the most efficient at using all available sources of N irrespective of harvest time. This is because the 2R crop tended to be associated with the highest cane yields. 
· At the poorly drained site, the simple measures of NUE indicate the 3R crop was the most efficient at using all available sources of N irrespective of harvest time. This is because the 3R crop at the poorly drained site was associated with the highest cane yields. 
· At both sites, economic returns were highest in the 2R crops for the mid-harvest treatment and in the 3R crop for the late-harvest treatment.
· There was no significant interaction between N rate and time of harvest for the crop biomass, yield or N uptake parameters measured. However, there were significant differences between time of harvest treatments and, occasionally, for the N rate.
· The highest NUtE values for the mid- and late-harvested crops occurred in different seasons. NUtE tended to be highest in the 2R crops at both sites for the mid-harvest treatment, whereas in the late-harvest treatment, NUtE tended to be highest in the 3R crop at well-drained site and 4R crop at the poorly drained site.
· The calculated optimum N value for the mid-harvest treatment at the well-drained site was similar or lower than 6ES whereas in the late-harvest treatment, the calculated optimum N value tended to be lower than 6ES in most seasons. 
· At the poorly drained site, the calculated optimum N value for the mid- and late-harvest treatments was lower than 6ES in all seasons.
· It may be possible to refine on-farm N inputs (based on the 6ES N guidelines) to both mid- and late-harvested crops on the well-drained Tully series soil and poorly drained Coom series soil in some seasons. However, it is not possible to predict whether N rates can be refined for other well- and poorly drained series soils. Any refinements to N fertiliser rates or products should be evaluated on-farm.
Identifying and managing potential soil constraints
Sodic soils and poorly drained soils were identified as major yield potential constraints in the Central region. However, given the diverse range of sugarcane growing soils encountered and ranges in sodic soil risks and waterlogging severity, all major sugarcane soils were included in the development of the agronomic soil groups for the Central region.
The major sugarcane growing soils have been categorised into three agronomic soil groups according to productivity potential (high, average or low) and sodic soil and waterlogging risks (mild, low, moderate or severe).
In the Mackay district, approximately 25% of sugarcane growing soils are estimated to have either moderate or high Exchangeable Sodium Percentage (ESP).
All major sugarcane growing soils were included in the development of the Wet Tropics agronomic soil groups as the focus shifted from identifying soils having the greatest potential to constrain yield (e.g. waterlogged soils) towards better understanding which group of soils may be more or less responsive to applied N in wet and dry years. The inclusion of all major soils was identified as having the potential to deliver greater industry value as the agronomic soil groups could be used to inform a range of decisions, not only N management strategies.
The soil survey reports have traditionally grouped these major soils as well drained or poorly drained soils of alluvial origin, soils of acid igneous or metamorphic rock origin, basaltic soils, soils formed on beach ridges and soils of the swamp and tidal zone based on land formation and parent material.
The agronomic soil grouping system resulted in the major Wet Tropics soils being classified into five soil groups based on the water holding capacity, propensity to waterlog and presence of a water table in wetter years.
Parameters such as soil texture, colour, particle size distribution and bulk density were useful in determining water holding capacity, propensity to waterlog and N mineralisation potential. These concepts, when used in combination with position in the landscape, may also be useful in identifying possible nutrient loss pathways.
Wet year soil group five occurs in the lowest positions in the landscape, experiences severe waterlogging and a persistent water table. These soils are also subject to frequent water inundation following extreme rainfall events. Responsiveness to applied N may be limited on these soils in wet years due to soil wetness restricting the crop’s ability to produce biomass and potential for increased N losses primarily through denitrification reducing N uptake.
Management strategies to improve nitrogen use efficiency (NUE) will differ between soil groups and for wet and dry years. However, the general focus will be on improving crop growth (e.g. adequate drainage, mounding, correct variety selection, carefully considering time of harvest), protecting N from environmental losses (e.g. using enhanced efficiency fertilisers (EEF) products, split application, considering the climate forecast prior to application) and trying to better match N supply to crop demand (e.g. application timing and N rate as influenced by seasonal conditions, crop class and potentially harvest time).
Identification of management practices to improve NUE
Central Region
The climatic conditions of the Central sugarcane growing region can be defined as having a dry spring period which coincides with the harvesting and fertilising of the crop followed by a three to four month ‘wet season’ where heavy rainfall events cause significant waterlogging and poor crop growth especially on poorly drained soils. 
Seasonal waterlogging of poorly drained soils situated in lower lying positions in the landscape is a major driver of yield variability in the Mackay district. 
Suggested management practice modifications to help alleviate yield constraints and/or improve NUE resulting from extended periods of waterlogging include:
· Modifications to nutrient and irrigation programs to enhance crop uptake of N and growth before the risk of waterlogging increases throughout summer.
· Evaluating the potential to reduce N rates on waterlogged soils.
· In locations experiencing extended periods of waterlogging, evidence suggests that the root systems are severely compromised which impairs the crops ability to access available N deeper in the soil profile.
Approximately 25% of sugarcane growing soils in the Mackay district have moderate or high ESP probabilities. Soils with an ESP greater than 6% swell and disperse when wet and soils with an ESP>15% exhibit severe structural breakdown. This affects aeration, water infiltration and root penetration and is often associated with reduced productivity. Management strategies to alleviate the impact of sodic soil conditions on sugarcane yields may include:
· Planting varieties identified as being moderately salt tolerant such as Q232A and Q138.
· Applying ameliorants (gypsum, mill by-products) according to soil test results.
· Improving sub-surface drainage.
· Site specific nutrient management.
Despite the best management efforts of growers, yield losses can often be associated with older ratoon crops. Data showed that plant and 1R cane yields are almost identical with yield loss beginning in 2R crops and continuing a constant rate of decline of approximately 4 to 5% per year. 
Cumulatively the yield loss (as expressed against the yield achieved as plant cane) reaches 15% by 5R, 25% by 7R and accelerates sharply to 37% for 8R crops and older.
There have been no field experiments investigating the effect of ratoon crop class on N fertiliser requirements in the same season.
Older ratoon crops may still be highly productive because of favourable growing conditions and good crop and harvesting management. These better performing crops are still likely to provide a yield and economic response to applied N. In poorer performing older ratoon crops management strategies to improve NUE should focus on:
· Assessing crop appearance and performance to help identify any underlying crop growth and N-response constraints.
· Reassessing nutritional requirements and applying any required soil ameliorants.
· If constraints cannot be addressed or the reasons for poor performance are not known, then it may be possible to reduce N application rates, especially in the last ratoon crop. Any changes to N application rates should be evaluated on farm. 
Timeliness of operations and farming system are other important considerations to minimise the impact of waterlogging and water tables on crop growth and responsiveness to applied N. These strategies may also vary spatially within a mill area due to spatial and temporal climate variability.
Opportunities to refine management practices have been linked to critical stages of the sugarcane production system. These are: planning for the next crop, fallow management, plant cane establishment, ratoon management and harvest management.
Wet Tropics Region
The Wet Tropics agronomic soil groups were packaged into an interactive web application titled ‘Agronomic Management of Sugarcane Soils in the Wet Tropics’. 
The agronomic soil group narrative is supported with images, videos, maps, social sharing tools and links to further information, designed to create a unique and user-friendly learning experience for growers, advisors, and industry stakeholders. 
The application was complemented by interactive maps to illustrate spatial patterns, information relating to regional climate influences, and on-farm management strategies to improve crop performance and responsiveness to applied N for each soil group provided by experienced researchers and extension officers.
The field experiments provide site-specific evidence there is potential to refine on-farm N rates (based on the 6ES guidelines) for well-drained, poorly drained, sodic and non-sodic duplex soils, in some circumstances. However, any refinements to on-farm N rates need to be evaluated, on-farm, prior to widespread adoption as the results also indicated reducing N rates can result in lower productivity and profitability.
The project included good collaborative partnerships with growers, input from other research, industry and government representatives and some adoption and/or communication activities in the form of oral presentations at grower shed meetings, advisor updates, stakeholder workshops and articles in scientific and industry publications.
Outcomes   
The information generated in this project is likely to result in the development of important resources for the 6ES Toolbox. This may include case studies for waterlogged soils, sodic soils and crops harvested late in the season along with agronomic soil groups for the Central and Wet Tropics regions. 
It was also anticipated that the interactive online tool to promote and disseminate the Wet Tropics agronomic soil groups and other important information related to sugarcane production, regional climate influences and different on-farm management strategies to improve crop growth and N responsiveness will be approved by the 6ES Advisory Committee for inclusion in the 6ES Toolbox.
Also, the identification of the spatial location of soils with different average productivity potentials and ESP risk probabilities will allow growers and advisors to better target sampling efforts and opportunities to alleviate constraints and improve productivity. 
This may also include greater emphasis on the assessment of subsoil constraints which are not captured in traditional soil testing efforts to determine nutritional requirements of the sugarcane crop.    
In the Wet Tropics region, knowledge of differences in sugarcane growth, responsiveness to N and potential for N losses between soils, for wet and dry years, will allow growers and advisors to better identify areas where management strategies may require further fine-tuning. 
For example, in wet years, for the soils contained in ‘group five’, it may be appropriate to evaluate EEF, lower N application rates or split application of N fertiliser compared to the 6ES N guideline derived from soil test results. 
Referring to climate forecasts to better identify the timing of fertiliser applications and possible adjustments to application rates could also be considered.
The field experiments have provided site-specific evidence there is potential to refine on-farm N rates (based on the 6ES guidelines) for well-drained, poorly drained, sodic and non-sodic duplex soils, in some circumstances. However, any refinements to on-farm N rates need to be evaluated on-farm, prior to widespread adoption as the project results also indicated reducing N rates can result in lower productivity and profitability.
The identification of agronomic soil groups is an extremely useful resource, which will complement the development of whole-of-farm nutrient management planning in the Wet Tropics and Central regions. It also will improve industry knowledge of potential soil constraints and help identify situations where crop responsiveness to applied N may be reduced. This will help growers and advisors to better identify areas requiring improvements in farm and nutrient management. 
Impacts
Project 2015/065 was completed in August 2020. As such, the outputs/findings have not yet been incorporated into the 6ES Toolbox. 
However, the project included good collaborative partnerships with growers, input from other research, industry and government representatives and some adoption and/or communication activities in the form of oral presentations at grower shed meetings, advisor updates, stakeholder workshops and articles in scientific and industry publications. Therefore, it is likely that some growers in the Central and/or Wet Tropics regions have made changes to improve NUE using information and results from project 2015/065 (such as knowledge of crop responsiveness to applied N given particular soil constraints). 
The primary impact of project 2015/065 is likely to be increased productivity and/or profitability for some Australian sugarcane growers because of increased NUE driven by:
Reduced N fertiliser use with maintained productivity,
Increased average sugarcane yields from increased or improved N fertiliser management, and
Improved management of existing N fertiliser practices through improved understanding of constraints.
A summary of the principal types of likely impacts associated with the outcomes of the project is shown in Table A2.
Table A2: Categories of Principal Impacts and Potential Impacts from the Investment
	[bookmark: _Hlk53129797]Economic 
Increased productivity/profitability from increased NUE driven by:
Reduced N fertiliser use with maintained productivity,
Increased average sugarcane yields from increased or improved N fertiliser management, and
Improved management of existing N fertiliser practices through improved understanding of constraints.

	Environmental 
[bookmark: _Hlk522861908]Potentially, a reduction in export of fertiliser N to off-farm environments, including the GBR.

	Social
Spillover impacts to regional communities from increased sugarcane industry net incomes. 
Maintained social licence to operate for some sugarcane producers from improved N fertiliser management. 



Public versus Private Impacts
The key potential impacts will be private, initially delivered to some sugarcane growers that affect practice change to improve NUE. Some additional private impacts could be delivered to sugarcane processors via increased cane production. 
Public impacts are likely to be in the form of environmental benefits from a potential net reduction in the level of N entering waterways (including the GBR lagoon) and from regional spillovers from increased grower incomes.
Distribution of Impacts along the Supply Chain 
The project is likely to have contributed to direct private productivity/profitability impacts for Australian sugarcane producers through improved NUE driven largely by reduced N fertiliser use/N savings. Secondary productivity/profitability impacts may accrue to the Australian sugarcane milling sector if, in the future, improved NUE on-farm results in increased sugarcane yields and therefore increased cane processing.
Impacts on other Primary Industries
There are not likely to be any direct impacts to other agricultural industries from the investment. However, it is possible that scientific knowledge sharing through research and industry networks may create some spillover impacts to other cropping industries targeting NUE.
Impacts Overseas
No direct overseas impacts were identified.
Match with National, State and SRA Priorities
The Australian Government’s Science and Research Priorities and Rural RD&E priorities are reproduced in Table A3. The Project 2015/065 investment has potentially contributed to Rural RD&E Priority 3, with some minor contribution to Priority 4, and to Science and Research Priorities 1.
Table A3: Australian Government Research Priorities
	Australian Government

	Rural RD&E Priorities (est. 2015)
	Science and Research Priorities (est. 2015)

	1. Advanced technology
Biosecurity
Soil, water and managing natural resources
Adoption of R&D
	1. Food
1. Soil and Water 
1. Transport
1. Cybersecurity 
1. Energy and Resources 
1. Manufacturing 
1. Environmental Change
1. Health


Sources: DAWE (2019) and Department of Industry, Science, Energy and Resources (2015)
SRA Research Priorities
SRA’s key focus areas are presented in Table A4. Project 2015/065 directly addressed KFA 2, but also, at least in part, addressed KFAs 4 and 7.
Table A4: SRA Strategic Focus Areas and Desired Outcomes
	Key Focus Area (KFA)
	Outcomes 

	1. Optimally adapted varieties, plant breeding and release
	Increased sugarcane yield and commercial cane sugar (CCS) 

	Soil health, nutrient management and environmental sustainability
	Better soil health, reduced nutrient losses and improved water quality

	Pest, disease and weed management
	Reduced or avoided yield losses and/or added input costs

	Farming systems and harvesting
	Improved farm input-output efficiencies and profitability 

	Milling efficiency and technology
	Optimised production, improved capital u4lisa4on and waste minimisation

	Product diversification and value adding
	Diversified revenue streams and product innovation

	Knowledge and technology transfer and adoption
	Accelerated adoption of new technology and practice change 

	Collaboration and capability development
	Enhanced industry and research capability and capacity

	Organisational effectiveness
	Increased investor satisfaction and returns on investment 


Source: SRA Strategic Plan (2018)

Valuation of Impacts 
Impacts Valued
Of the four types of impacts identified in Table A2, only part of the first impact has been valued in this assessment, namely the project’s contribution to higher profits for some sugarcane growers from improved N fertiliser management (reduced N use with maintained productivity).
Other Potential Impacts Identified but not Valued
The other four impacts of the five identified in Table A2 were not valued for the following reasons:
1. The future potential for increased sugarcane yields from increased or more targeted N applications on some farms was not valued due to uncertainty about:
The extent of the area to which such practices potentially may apply, 
The level of adoption of such practices given government and community pressure to reduce N use, 
The proportion of the potentially applicable growers/farm area that may achieve measurable yield improvements, 
The net value of the yield response that may be obtained, and 
The level of attribution of any such practice changes to the investment in project 2015/065.
The future potential for increased sugarcane productivity and/or profitability from improved NUE driven by improved understanding of soil constraints was not valued for similar reasons as for item 1 above. However, where application of such knowledge (attributable to project 2015/065) resulted in future reductions in N use, this is partially captured by the existing impact valuation.
The potential reduction in export of fertiliser N to off-farm waterways/environments, including the GBR lagoon, was not valued due to the difficulty of quantifying the reduction and uncertainty about the value of such reductions for improving GBR health.
Spillover impacts to regional communities from increased sugarcane industry net incomes was not valued due to the range and diversity of geographic locations involved. 
Maintenance of some Australian sugarcane producer’s social licence to operate through improved N management was not valued because of the difficulty of identifying clear linkages between the likely project outcomes and community views and/or government policy.
Attribution
The counterfactual assumed is that the industry changes that are anticipated would not have taken place without the funding of this project. 
Summary of Assumptions for Impact Valuation 
A summary of the key assumptions made is shown in Table A5.
Table A5: Summary of Assumptions for Valuing investment in Project 2015/065
	Variable
	Assumption
	Source

	General

	Estimated applicable sugarcane area (Central and Wet Tropics regions)
	243,137 ha
	Average of past two years (2017/18 and 2018/19) (Canegrowers 2019/20 Annual Report)

	Benefit 1: Estimates of N cost savings made by use of the SES Decision Support Tools  

	Current average annual N usage 
	160 kg/ha
	Analyst estimate

	Area within the Central and Wet Tropics regions where N fertiliser use/management has, or is likely to, change to improve NUE (reduce N use) because of investment in project 2015/065
	10%
	Analyst estimate

	Potential N savings made for applicable sites 
	20%
	Analyst estimate; based on similar assumptions for waterlogged or sodic sites in the evaluation of SRA project 2018/013

	Farm gate value of elemental N
	$1.23 per kg 
	Based on urea price of $565 per tonne @46% N

	Year of first adoption due to project 
	2021
	Analyst estimate: allows for diminishing impact specifically attributable to investment in project 2015/065 as growers make changes because of new research outputs and/or dis-adoption occurs

	Year of maximum adoption
	2025
	

	Last year of impact
	2030
	

	Risk factors 

	Probability of Output
	100%
	Analyst estimate: based on project being successfully completed

	Probability of Outcome (Usage)
	80%
	Analyst estimate, refers to the probability that the adoption rates above will eventuate

	Probability of Impact (given usage)
	60%
	Analyst estimate: refers to the probability that the N reduction (and associated savings) occur

	Attribution

	Attribution to SRA Project 2015/065
	100%
	Analyst assumption; it is worth noting that this impact does NOT include potential benefits of additional adoption that results in N savings or other NUE drivers that may occur if/when the outputs of project 2015/065 are incorporated into the 6ES Toolbox. Future impacts from increased adoption of practice change from use of the revised Toolbox would then be partially attributable to the current investment.



In developing the simplified framework above, is recognised that the use of an estimate of the value of N saved is an incomplete measure of gain as it does not include the full impact of change. However, examination of a case study of N strategies for sodic soils in the Burdekin, showed that the savings in N fertiliser by using 6ES may provide a conservative estimate of the net gain by using 6ES (see Table A6 below). 
Table A6: RP20 Trial Results for Sodic Soils in the Burdekin
	Method
	Crop
	kg N/ha
	N cost @$1.23 /kg

	SIX EASY STEPS  
	Plant crop
	150
	

	
	R1
	190 
	

	
	R2
	190
	

	
	R3
	190
	

	
	Average
	180
	$221.40 per ha

	Grower
	Plant crop
	210
	

	
	R1
	250
	

	
	R2
	250
	

	
	R3
	250
	

	
	Average
	240
	$295.20 per ha 

	Source for above data: https://sugarresearch.com.au/wp-content/uploads/2017/06/Nitrogen-Results-17-F.pdf

	Saved N cost by use of SIX EASY STEPS 
	$73.80 per ha ($295.20-$221.40)

	Revenue less fertiliser, harvesting cost of extra cane and levies over full crop cycle

	SIX EASY STEPS 
	$13,859
	Source: https://sugarresearch.com.au/wp-content/uploads/2017/06/Nitrogen-Results-17-F.pdf

	Grower
	$13,073
	

	SES net advantage
	$786 per ha full crop cycle
	

	SES net advantage
	$157.20 per ha per annum 
	

	Conclusion 
Any small increase in sugarcane yield from using a higher nitrogen rate than SIX EASY STEPS appears to be more than offset by:
the negative impact of ccs for the higher grower N rate 
the marginal harvesting cost of additional cane 
Hence, from this trial, it would appear that using the average saved N fertiliser cost ($73.80 per ha) would be a valid but conservative estimate of the total advantage of using SES ($157.20 per ha) over grower rates.  



Results
All past costs and benefits were expressed in 2019/20-dollar terms using the Implicit Price Deflator for Gross Domestic Product (Australian Bureau of Statistics, 2020). All benefits after 2019/20 were expressed in 2019/20-dollar terms. All costs and benefits were discounted to 2019/20 using a discount rate of 5%. A Re-investment rate of 5% was used for estimating the Modified Internal Rate of Return (MIRR). The base analysis used the best estimates of each variable, notwithstanding a high level of uncertainty for many of the estimates. All analyses ran for a period of 30 years after the last year of investment (2019/20). 
The investment criteria are reported for the total investment, the SRA investment, and the DES investment in Table A7, Table A8 and Table A9.  
Table A7: Investment Criteria for Total Investment (discount rate 5%)
	Investment Criteria
	Years from last year of investment

	
	0
	5
	10
	15
	20
	25
	30

	Present value of benefits ($m)
	0.00
	1.15
	2.12
	2.12
	2.12
	2.12
	2.12

	Present value of costs ($m)
	1.75
	1.75
	1.75
	1.75
	1.75
	1.75
	1.75

	Net present value ($m
	-1.75
	-0.59
	0.37
	0.37
	0.37
	0.37
	0.37

	Benefit-cost ratio 
	0.00
	0.66
	1.21
	1.21
	1.21
	1.21
	1.21

	Internal rate of return (IRR) (%)
	negative
	negative
	7.67
	7.67
	7.67
	7.67
	7.67

	Modified IRR (%)
	negative
	negative
	5.19
	3.43
	2.56
	2.04
	1.70


Table A8: Investment Criteria for SRA Investment (discount rate 5%)
	Investment Criteria
	Years from last year of investment

	
	0
	5
	10
	15
	20
	25
	30

	Present value of benefits ($m)
	0.00
	0.33
	0.61
	0.61
	0.61
	0.61
	0.61

	Present value of costs ($m)
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	Net present value ($m)
	-0.50
	-0.17
	0.11
	0.11
	0.11
	0.11
	0.11

	Benefit-cost ratio 
	0.00
	0.66
	1.21
	1.21
	1.21
	1.21
	1.21

	Internal rate of return (IRR) (%)
	negative
	negative
	7.67
	7.67
	7.67
	7.67
	7.67

	Modified IRR (%)
	negative
	negative
	5.19
	3.43
	2.56
	2.04
	1.70



Table A9: Investment Criteria for DES Investment (discount rate 5%)
	Investment Criteria
	Years from last year of investment

	
	0
	5
	10
	15
	20
	25
	30

	Present value of benefits ($m)
	0.00
	0.52
	0.96
	0.96
	0.96
	0.96
	0.96

	Present value of costs ($m)
	0.79
	0.79
	0.79
	0.79
	0.79
	0.79
	0.79

	Net present value ($m)
	-0.79
	-0.27
	0.17
	0.17
	0.17
	0.17
	0.17

	Benefit-cost ratio 
	0.00
	0.66
	1.21
	1.21
	1.21
	1.21
	1.21

	Internal rate of return (IRR) (%)
	negative
	negative
	7.67
	7.67
	7.67
	7.67
	7.67

	Modified IRR (%)
	negative
	negative
	5.19
	3.43
	2.56
	2.04
	1.70



The annual cash flow of undiscounted benefits and costs for the total investment are shown in Figure A1.  
Figure A1: Annual Cash Flow of Undiscounted Benefits and Costs
Sensitivity Analyses
Sensitivity analyses were carried out for two variables and results are reported in Table A10 and Table A11. The sensitivity analyses were performed on the total investment using a 5% discount rate (with the exception of Table A10) with benefits taken over the 30-year period. All other parameters were held at their base values. 
Table A10 shows there is a moderately to low sensitivity to the discount rate. This is largely due to the fact that the cash flows occur soon after the end of the investment period.
Table A10: Sensitivity to Discount Rate (Total Investment, 30 years)
	Criterion
	Discount Rate

	
	0%
	Base (5%)
	10%

	Present value of benefits ($m)
	2.76
	2.12
	1.67

	Present value of costs ($m)
	1.55
	1.75
	1.97

	Net present value ($m)
	1.21
	0.37
	-0.30

	Benefit-cost ratio
	1.78
	1.21
	0.85



Table A11 provides an optimistic/pessimistic sensitivity of the investment criteria to the (1) the assumed area adopting change to increase NUE as a result of the project, and (2) the N savings achieved as a result of such changes.
Table A11 shows that the investment criteria are moderately sensitive to the key assumptions associated with the applicable adoption area and N savings. 
Table A11: Optimistic/Pessimistic Sensitivity to Area of Adoption and N Savings (Total Investment, 5% discount rate, 30 years)
	Criterion
	Area of Adoption and N Savings

	
	Pessimistic
0.5x Base estimates
(5%, 10%)
	Base
Adoption 10%
N Saving 20%
	Optimistic
1.25x Base estimates (12.5%, 25%)

	Present value of benefits ($m)
	0.53
	2.12
	3.31

	Present value of costs ($m)
	1.75
	1.75
	1.75

	Net present value ($m)
	-1.22
	0.37
	1.57

	Benefit-cost ratio
	0.30
	1.21
	1.90



A break-even analysis indicated that, with all other variables set to base values, adoption of practice change to increase NUE because of project 2015/065 would need to be 8.2% of the Central and Wet Tropics sugarcane production area to produce positive investment criteria (benefit-cost ratio of 1:1).
Alternatively, with all other variables set to base values, the N savings rate would need to be at least 16.5% for applicable farms to produce positive investment criteria.
Conclusions 
The project is likely to have contributed to direct private productivity/profitability impacts for Australian sugarcane producers through improved NUE driven largely by reduced N fertiliser use/N savings. Secondary productivity/profitability impacts may accrue to the Australian sugarcane milling sector if, in the future, improved NUE on-farm results in increased sugarcane yields and therefore increased cane processing.
Given the assumptions made, the investment criteria estimated for total investment in the project of $1.75 million (present value of costs) were positive with an expected present value of benefits of $2.12 million, an expected net present value estimated at $0.37 million and an expected benefit-cost ratio of 1.21 to 1. The internal rate of return was estimated at 7.7% and the modified internal rate of return at 1.7%.
For the SRA investment, the investment of $0.50 million provided an expected net present value estimate of $0.61 million and an expected benefit-cost ratio of 1.21 to 1, with rates of return similar to those for the total investment.
For the DES investment, the investment of $0.79 million gave an expected net present value of $0.96 million and an expected benefit-cost ratio and rates of return similar to those for the total investment. 
All investment criteria were estimated using a discount rate of 5% and with benefits estimated over 30 years from the final year of investment (2019/20).
The quantitative analysis relied on assumptions regarding future adoption and impact of a range of practices to improve NUE in the Central and Wet Tropics sugarcane production regions. While best bet estimates for adoption and impacts have been made, there has been to date no actual data assembled on adoption as the project was completed in August of 2020. Further, four impacts of the project investment that were identified were not valued in monetary terms. Hence, the magnitude of the investment criteria estimated and reported are likely to be an underestimate of the true performance of the investment in project 2015/065. Also, if the project outputs are used to revise the SIX EASY STEPS® Toolbox, any future benefits from use of SIX EASY STEPS® will be partially attributable to the 2015/065 investment.
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