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Introduction

This project was commissioned for the Land Use Futures Board by Environment Bay of Plenty.  The brief was to undertake a stock-take of land management practices and relevant research projects associated with reducing N and P loss from farms in the Rotorua lakes catchments.  This work will contribute to a strategy that identifies existing research, technical knowledge gaps and the economic analysis required before practices can be recommended to land users.
The tables in this report present various options for reducing nutrient losses, beginning from their source through to their transportation to the lakes.  Practices to cap or remove nutrients within the lakes (sediment capping or flocculation within lakes, floating wetlands etc) are not within the scope of this report; nor are alternative land uses considered here.  
Nitrogen and phosphorus losses are presented in separate tables, as their sources and pathways are distinct.  The tables list practices that can influence nutrient losses to the lakes and the most relevant research, along with summarised findings.  Where no local research is available, the most relevant national or international research is presented.  Based on this, an appraisal of the effectiveness, practicality and cost of these practices is given, considering the specific context of Rotorua catchments.  The research is assessed in terms of how well each practice has been studied, and scope for further research is identified.  
This is not a comprehensive literature review.  A wider review can be found in the Environment Waikato report for the Upper Waikato (Ritchie 2007), much of which is broadly applicable to the Rotorua area.  The sensitivity analysis from the ‘Rough Guide’ to nutrient management practices from that report is included as an appendix to this document.  It shows contextual factors that can influence the environmental and economic feasibility of different practices.
Summary of practices
Practices for reducing N loss

On free-draining soils, the most effective options for N-loss reduction are reducing overall N inputs to the system, (a function of fertiliser, supplement and stocking rates) and using wintering practices that remove cattle from paddocks over winter.  This is because the main N pathway is leaching from urine patches over the high drainage period.  (It is interesting to note that high rainfall in Rotorua can result in leaching outside of the winter season; however in the colder months saturated soils correspond with low plant growth and uptake, so winter is the highest risk period.)  The use of DCD offers moderate reductions in N leaching on pumice soils.  Once leaching has occurred, there may be limited options for harvesting N from downstream waterways (e.g. watercress).  Where catchment hydrology permits, attenuation options for N include wetlands (natural and constructed), or woodchip filters (where there is a surface flow with concentrated N). 

What can you currently recommend that will give significant N reduction (~40%), is proven and beneficial to the farm business?

· Wintering off outside the catchment – but it may not be available, and exports the problem elsewhere.

What would significantly reduce N (35- 50%) but have a cost to the farm/ involve major changes to the system?

· Wintering on pads or shelters
· Changing stock type or stocking rate (fewer cattle), or retiring portions of land from stock
· Substantial reductions in inputs of N-fertiliser without replacing this in supplements.
What can you currently recommend that will give modest N reduction (5-10%), is proven and beneficial to the farm business?

· Efficient rates of N fertiliser and irrigated effluent
· No winter N fertiliser
· More profitability from improved animal genetics and pasture utilisation without increasing N input.

What offers moderate N reduction (15-25%), and may be cost-neutral?

· DCD applied to pasture – cost-neutral for dairy systems, but negative for dry stock.  
What else is being field tested and looks promising for moderate N reduction (20-30%), without major cost or farm system changes?

· DCD internally (bolus or fed to cows), feeding cows salt to dilute urine.

What is experimental and seems to hold real potential for further gains?

· Watercress harvest could be effective in summer where the right flow conditions exist or can be created  

· Potential exists for improved plant selections (deeper rooting/ higher sugar content) and for animal breeding/ genetic improvement for better N partitioning.  The magnitude of reduction in N loss that could come from this is unclear (maybe 5-20% for grass species).
What is experimental, but if it came off could be significant (i.e., a long shot)?

· Breeding standard pasture species (e.g. ryegrass/clover) containing condensed tannins.

What else?

· Bottom of catchment wetlands can be effective at a catchment scale where site conditions suit and land is available – may need to look at options for cost-sharing

· Amendments to the soil/ increasing the biological activity of the soil can hold N, releasing it later as it mineralises.  Once soil reaches saturation, N will be leached.  N-immobilisation can depress growth in the short term as organic N is not plant available.
Practices for reducing P loss 
Phosphorus pathways are variable in these catchments and at paddock scale, due to different soil types, source areas and hydrology.  However, for all soil types, lower P inputs (mainly P-fertiliser) will reduce soil-P and dung-P losses, and thus address P loss in both particulate and dissolved forms.  Beyond options for managing P inputs, careful observation of run-off incidence and pathways is important to plan the best options for P attenuation or removal.  

While most local soils are free-draining pumice and ash, there are areas of mud soil that have heavier texture and more run-off.  More benefit can be gained on these soils from careful grazing and run-off interception options.  For maximum filtering and settling, minimal flow channelisation is critical.  Also important is an understanding of the seasonality of run-off flow paths, so that temporary mechanisms (e.g. periodic grazing) can be used effectively.  For free-draining soils, the high proportion of dissolved P and low run-off rates call for consideration of P-sorbing options from waterways in addition to filtering and settling attenuation tools.  More research is needed into the fate of dissolved P where infiltration is high and there is little run-off.    
Because P-losses are specific to each site’s hydrology and soils, and only limited data is currently available, it is difficult to estimate the potential for P removal from different attenuation tools.  This may create issues if P-reduction targets exist and proof of mitigation effectiveness is needed. 
What can you currently recommend that will give significant P reduction (up to 40%), is proven and beneficial to the farm business?

· Reducing P fertiliser inputs to maintenance levels.  (Note the magnitude of gain for Rotorua farms has not been estimated, but Project Rerewhakaaitu found a soil Olsen P average of 65, far exceeding the target range of 35-40 for pumice soils.  A figure of 40% reduction in P loss was used by Ledgard and Power (2006) in their modelling for Upper Waikato, assuming existing Olsen P of 45 and reducing P inputs to maintenance levels).
What is proven to offer significant P reduction (30%+), but is already in place?

· Riparian retirement strips beside lakes and streams (25-30%)

· Land irrigation as opposed to pond discharges to water (e.g. a Toenepi study, where ponds are common, showed ~ 60% of the catchment P export was from pond discharges).
What would significantly reduce P (35-50%) but have a cost to the farm/ involve major changes to the system?

· Changing stock type or stocking rate (fewer cattle) or retiring portions of land from stock.
What is proven, will give modest P reduction (5-10%) and may be cost-neutral or beneficial to the farm business?
· Precision placement of fertiliser to avoid direct losses to waterways, and use of less soluble forms of P fertiliser to reduce the risk of run-off in heavy rainfall events
· Better effluent management – larger area, lower rates, storage and deferred irrigation.  These practices can avoid loss of P in run-off or through soil drainage.  They may also give better nutrient utilisation for the farm.  Cost depends on what upgrades are required for more storage capacity, larger effluent blocks or low-rate application equipment.
What are some low-cost attenuation options that may be effective (removing 15-50% of P in run-off and enhancing infiltration) on sites where there is run-off?

· Sensitive grazing of ephemeral waterways (e.g. sheep only/ light grazing)

· Grass filter strips – managed with temporary fencing and intermittent grazing 

· Weirs – boards inserted across the slope of ephemeral waterways to allow for settling and infiltration, with or without levelling of the soil surface behind the boards.  More research is needed into the fate of dissolved P once run-off infiltrates into the soil.

What is more experimental but seems to hold real potential for further gains?

· Enhancing infiltration areas such as weirs with P-sorbing substances

· P-sorbing mechanisms beside tracks, within drainage water or small streams e.g. P socks 
· Watercress harvest (in summer where the right flow conditions exist or can be created).
What else?
         Farm-specific Critical Source Areas e.g. tracks, races, slips need to be assessed on a case-by-case basis; addressing these for each farm can give significant P reductions.
Research development spectrum
Several authors have identified the development of research ideas along a development spectrum (McKergow et al. 2008b; de Klein 2005; Ritchie 2007).  The following summary is based on those ideas and on information from key researchers, for practices relevant to Rotorua.  
	Practice
	N or P *
	State of research/ development
	Researched for Rotorua conditions?

	
	N
	P
	Proof of concept
	Pilot trials/ some field work done
	Researched in range of conditions
	

	Source controls

	Fertiliser inputs (rates/ form/ timing), supplement rates
	(
	(
	
	
	(
	Less work done on pumice soils

	Changing land use/stock type
	(
	(
	
	
	(
	Taupo studies 

	Wintering practices
	(
	
	
	
	(
	Grazing options, Birchalls, Taupo 

	Effluent management practice
	(
	(
	
	
	(
	Not much locally

	Controlling erosion/ sediment sources  (gully, stream bank)
	
	(
	
	
	(
	Some work done for soil conservation

	Tracks and races, hotspots
	(()
	(
	
	(
	
	Rerewhakaaitu

	Cropping, forage crop grazing
	(
	(
	
	(
	
	Limited (Taupo) 

	Nitrification inhibitors- field
	(
	
	
	(
	
	Wharenui trials

	Nitrification inhibitors- cow
	(
	
	
	(
	
	Field trials due soon

	Alternative feed/forage/salt
	(
	(()
	
	(
	
	Salt trial in Taupo

	Animal genetics –partitioning
	(
	
	(
	
	
	Not specifically

	Attenuation tools

	Riparian filters 
	(()
	(
	
	
	(
	Ngongotaha

	Constructed wetlands 
	(
	(
	
	
	(
	Okaro

	Denitrification walls/ woodchip filters
	(
	
	
	(
	
	Trial – Rotoehu

	Soil amendments – sugar 
	(
	
	(
	
	
	Limited (Taupo)

	Soil amendments - biochar
	(
	
	
	
	
	No temperate trials

	Seeps and natural wetlands
	(
	(()
	
	(
	
	Not really

	Grazing ephemeral waterways
	(
	(
	
	(
	
	Not specifically

	Aquatic plant harvesting
	(
	(
	
	(
	
	First trial underway

	Sediment pond/dam/weir
	
	(
	
	(
	
	Wharenui weir, trap at Rerewhakaaitu

	Reactive materials for P in drains, filter areas and streams
	
	(
	
	(
	
	 Rerewhakaaitu P sock, Wharenui 

	Drain management
	
	
	
	(
	
	Not many drains


*(() indicates lesser effect for this nutrient
Research into practices – future opportunities
The following list relates to research into specific practices.  Research within the wider context is discussed below.  Note, some ideas are already planned or underway.  This list is not prioritised.
N-loss practices

N-fertiliser and soils
· Current winter N-fertiliser use 
· Fine tuning N-fertiliser use in Rotorua dry stock farms
· Impact of sprayed-on microbial formulations (e.g. LessN) on leaching rates
· Leaching from organic systems/ impact of more soil activity and organic soil amendments on leaching
Nitrification inhibitors
· Continue DCD work for free-draining soils, more high rainfall studies, long-term variability, use on winter-grazed crops
· Continue field testing of internal DCD use and animal health research
· Strategic use of DCD in dry-stock systems (targeted to intensively grazed areas)
Grazing/ stock/ cropping/ supplements
· Continue research into possible alternative forage and pasture species and experimental options for processing grass for protein removal; impact of growth promotants on leaching.
· Establish what is the area of cropping, and local cropping practice.
· Establish what is the area of gorse.
· Scope for ongoing research into optimised grazing systems for efficient production/ profitability where N loss is capped.

· More work on N loss from different dry-stock grazed areas, high risk sites (e.g. stock camps), strategic use of DCD on these areas.

· Scope for ongoing research into high-performing dry stock systems with different cattle: sheep ratios and better genetics to get the most out of the system for the same N loss (optimised scenarios for different conditions, with economic analysis including sensitivity analysis for price changes).
Wintering
· Research any limits to ongoing wintering outside the catchment to determine long-term viability of this option.  Also determine how much stock is imported into the catchment for wintering.

· Research production gains from animals on a range of pad types (e.g. Birchalls Herd Home monitoring project) – expand to a range of lower-cost pad options.
Effluent management
· Could do specific local research into optimisation of storage in wet soil conditions, linked to soil moisture meters, and cost-effectiveness scenarios for low-rate systems.

Wetlands and denitrification beds
· Could survey the extent of natural seeps and wetlands in these catchments, their condition and management actions that could improve their effectiveness, including a cost analysis.

· Further study of nutrient removal by natural wetlands/ seeps in this area (N+P).
· Research into alternative methods to reduce the cost of constructed wetlands.
· Continue measurements of existing woodchip beds and constructed wetlands to gauge effectiveness over longer term.

Plant uptake
· Continue research into watercress harvest, including cost/benefit analysis.

P-loss practices (note, some practices for N-loss above will also assist with P loss)
P-fertiliser

· Current Olsen P levels on Rotorua farms.
· More research into the high proportions of dissolved P in pumice soils and possibility of P leaching, and how Olsen P relates to this circumstance.
Grazing/ stock/ cropping
· Research forage legumes with low P requirements.
· Stock types and sources - the Wharenui trial had limited data so more could be done.

· Little research has been carried out into grazing impacts/ compaction of pumice soils and implications for run-off.  However, the limited run-off from free-draining soils in many Rotorua studies implies this may not be a high research priority.

Critical Source Areas for P run-off
· Identify Critical Source Areas for a number of farms in Rotorua catchments and compare results.  Compile a practical guide for farmers on how to identify Critical Source Areas for P loss on the farm, with photographic examples.
· Further ascertaining how much run-off is contributed by tracks and races on free-draining soils, and how much P is lost from actively eroding slips/gullies.
Filtering and settling attenuation options (grass filter strips, weirs etc).
· Filtering/ infiltration/P-sorbing effects are well proven, but structures and materials are likely to be location-specific.  Continue trials at Rerewhakaaitu and Wharenui.  Scope to experiment further on different sites and with different reactive materials and practical designs for maintenance.  Look into feasibility of broadcasting alum as a soil amendment to increase P-sorption.  Establish the longevity of different P-sorbing materials, and any contaminant effects.
· Grass filter strips - further studies warranted as this technique shows promise for heavier soils but McKergow et al. (2008a) noted that the variability in performance reported in the literature is large and they did not recommend grass filter strips for Kaharoa ash soils.
The research context
Many ‘component practices’ of farm systems that can reduce nutrient loss are already well researched and further work is underway to fill gaps (refer to the following tables for specific information for each practice).  However, there is still further work required to test some practices in the local conditions of the Rotorua lakes.  Some of the work done is based on modelling and other studies have carried out actual measurements.  Models rely on assumptions, some of which have been more extensively measured than others.  Modelling can be updated as new measurements give more precise data for local conditions.  
Biological systems are complex, so research focused solely on single interventions will not capture the full implications of changes, nor identify the potential for each farm system.  In addition to the research on ‘component practices’ summarised in the tables, there is also great scope for ‘system optimisation’ studies.  Single component changes will often have spin-off effects throughout the farm system as management practices are adjusted.  For example, changes to wintering practices require different pasture grazing techniques in spring, which may involve changes in stocking rates, calving dates and fertiliser use.   There is also variability around the management skills to make the most of the possible gains e.g. in some cases standing off has created a pasture response that has increased production; in other cases the pasture response has not been converted to product (as in the RED trial) and in other cases no grazing caused reduced pasture growth (Puketapu trials in Taupo – Thorrold 2006).
Some trials and modelling have looked at the effects of combinations of practices which gives an insight into the magnitude of N-loss reduction that is practically achievable.  For example, the DairyNZ Tight N farmlet uses three practices – a stand-off pad, DCD and strategic use of N-fertiliser according to nutrient and feed budgets.  In 2006-07, this allowed the production target of 1200 kgMS/ha to be met while only leaching 35kg N/ha/yr (12% less than the control farmlet).  In 2007-08 production was lower (1023 kgMS/ha) but leaching dropped to 17kg N/ha/yr (26% less than control) (DairyNZ website).  Modelling for Meat & Wool NZ using Rotorua dry-stock farm data showed that eliminating cropping and winter-N use could decrease leaching by perhaps 2-7 kgN/ha/yr.  However, each farm required its own analysis, since practices varied and changes that were profitable on one farm might not be on another.  

Similar modelling in Upper Waikato but for dairy farms (Longhurst and Smeaton 2008) highlighted one ‘highly efficient’ farm which had a combination of low stocking, high supplement, low fertiliser N and a large effluent block.  These authors also highlighted the management skill on the property.  An option for further work could be to look at some of the high profitability, low leaching farms in Rotorua (for example, based on the modelling that Fonterra has undertaken) and analyse their practices, to help identify characteristics of optimal systems.  However, there are sensitivities around identifying data from particular farms which would need to be worked through carefully.  The potential also exists for further focus on Rotorua dairy farms using a similar format to monitor farms.
A large part of system optimisation for farmers centres on knowing costs and benefits for the farm business, and there are unlimited opportunities for economic analysis, both for component practices and for optimised scenarios.  As costs and prices continually change (e.g. milk payout, meat and wool prices, fertiliser, transport) so too does the profitability of different options.  This means there is scope to re-run some of the earlier modelling.  To support this, there is work to be done in lifting capacity to use tools like OVERSEER and UDDER/ Farmax to analyse multiple scenarios, as well as ongoing fine-tuning of these models to better reflect the complexity of farm systems.  This will help identify any win-win opportunities, and the most cost-effective options for farmers.
There also needs to be a focus on getting good information out to farmers, in interactive formats.  Local planning could be done about the best ways to do this, and who should spearhead it.
Both farm practice component work and system optimisation work sit within a broader context.  The scope of this project did not include any review of the literature around the relative sensitivity of the various lakes to N and P, or the targets for each lake.  Nor was there an analysis of the extent of different land uses and soil types, or hydrology and catchment dynamics, which have far-reaching implications for the significance and effectiveness of the different practices.  
When these circumstances are well defined, work can proceed to identify what sorts of practices might be required to reach targets for each catchment and make water quality gains.  For example, Smeaton and Ledgard (2007) estimated that currently profitable options could cut N leaching by 7 kgN/ha/yr in the catchment of Lake Rotorua, being 20% of the required reduction to meet catchment targets (34 t out of 170 t required reduction).  The profitable options they found were: optimised area for dairy effluent with no additional N fertiliser on effluent blocks, optimal stocking rate and no winter N-fertiliser, plus greater wintering off.  By contrast, dry-stock farm modelling identified few options to reduce N leaching without affecting profitability, and it was estimated that on average, perhaps a 2 kgN/ha/yr reduction was achievable within profitable options – equivalent to 20 t for the whole lake catchment.  As more research is carried out into component practices, greater clarity is achievable about what level of farm practice change for different land uses is required to meet catchment targets.
Proving compliance with regulations is another whole area of development.  Current modelling tools such as OVERSEER are able to take into account some, but not all, of the mitigation options open to farmers.  If farmers cannot have their mitigation practices recognised as part of their effort to comply with nutrient caps, there will be limited incentive to try those practices.

Options for alternative land uses or for nutrient manipulation in the lakes were not included in the brief for this project, but need to be considered alongside changes within pastoral systems.  
Further research topics which were also beyond the scope of this study include creating an effective nutrient trading system, and identifying the social and cultural impacts (positive and negative) of changes to land use practices.  Any future introduction of an Emissions Trading System or developments in markets for bio-fuels could have a significant impact.  Nutrient practices will have a range of effects on greenhouse gas releases.
A final point is that there are many researchers, funding organisations and other stakeholders with an interest in research work in these catchments.  Examples include FRST, MAF, MFE, industry (Fonterra, DairyNZ, Meat & Wool NZ, Pastoral 21), CRIs, regional council, universities and farmers themselves.  Planning should include liaison between the different parties, to keep abreast of new developments and coordinate research planning.
Conclusions
There is a lot of research work underway in these catchments, and more studies are planned.  This is progressively building a picture of what to expect from different practices under local conditions.

In terms of what is ‘in the pipeline’, there is little potential for a ‘silver bullet’ to emerge.  Therefore, work that models different options, includes economic analyses and aims for system optimisation holds the best potential to find suitable solutions for each farm.  
Practices that are positive for the farm business do not appear to offer great scope for significant N-loss reduction, though DCD use offers moderate gains and may be cost-neutral on dairy farms.  Effective attenuation options are also limited, other than constructed wetlands, which are subject to other constraints (suitable sites/ land availability/ cost).  More radical changes to N-inputs and wintering practices may be required, depending on reduction targets.  
The potential for avoiding P-loss through reducing P-fertiliser to optimum levels offers promise, but to fully assess this, more information would be needed on current soil Olsen-P levels throughout all the lakes catchments.  There are limited options for P attenuation due to the low amount of run-off from the free-draining soils of this area.  However, work is underway to assess the potential and practicality of filters for critical run-off sources, including the use of P-sorbing materials to enhance P removal.
Further work is needed to clarify what specific targets for each lake catchment might imply in terms of the magnitude of N and P loss reductions that will be required.
Liaison between different interested parties should be maintained to share findings and discuss research needs and plans.  It is recommended that a similar update of research findings be carried out at least every two years, if not annually, and that a mechanism for discussing planned research be developed.  

Table of summarised research results - Practices for reducing loss of N

	Practice to reduce N loss
	Most relevant research for Rotorua conditions
	Effectiveness/ opportunity in Rotorua
	Cost and practicality at a farm level
	State of research and further opportunities

	Practices that reduce N inputs to the farm system (note, stocking rates are considered below under ‘Stock’)

	N-fertiliser inputs - amount
- Soil testing  and nutrient budgets with effluent blocks treated separately 

-Reduced annual rates of N-fertiliser

	AgResearch project for Rotorua farms (Ledgard et al. 2007a) modelled N loss under nil N-fertiliser scenario and showed N loss reduced by ~50%, profitability as Gross Margin (GM) dropped 7%.  
Smeaton and Ledgard (2007) modelling data from Rotorua dairy farms showed scope for reducing N loss 0-35% with less fertiliser N.
Trials into organic systems at Massey showed organic farmlet leached 52% less than conventional farmlet averaged over 3 years (42%, 73%, 67%) (Horne et al. 2008).  
Longhurst and Smeaton (2008) Upper Waikato modelling indicated organic systems had potential.
	Reducing N-fertiliser inputs, with consideration of other inputs such as supplement and effluent, is a reliable way to reduce N cycling in the system and N loss.
RED trials (Clark et al. no date) showed a high correlation between N leaching and overall N inputs in modelling.
	Where there is currently inefficient use of N (high rates of >200kg N/ha/yr), there is scope to change N-fertiliser practice and benefit the farm business.
Reductions beyond this efficiency point will start to reduce profitability.  The point of efficiency is sensitive to the prices of fertiliser and farm product.

Organic systems are lower stocked and lower producing but have less input costs and a price premium.  Management skills are required.
	Well-proven practice.

Solid base of technical research.  Economic modelling has been done.
Some of the base research used in modelling is done for pumice soils, but less than for other soil types.
Potential for fine tuning of N use on Rotorua sheep and beef farms? Work done in Wise N Use trials was on steeper hill land.
Scope for more measuring of leaching from organic systems, with economic analysis.

	N-fertiliser timing 

– No N-fertiliser in winter
	AgResearch project for Rotorua farms (Ledgard et al. 2007a) showed that avoiding winter N, with same annual rate, could reduce N loss 4%.

Smeaton and Ledgard (2007) modelling for Rotorua dairy farms showed scope for reducing N loss 0-10% by avoiding winter N-fertiliser.
	Avoiding winter N fertiliser use will give a moderate drop in leaching.
	Where there is currently N applied in May-July, changing this practice will benefit the farm business by avoiding direct losses.
	Well-proven practice.  Solid base of technical research.  Economic modelling has been done.

Research current practice of Rotorua farmers – how much N is applied in winter?

	N-fertiliser form

-Use of sprayed N with microbial amendments (LessN)
	May mean less N applied overall, but mostly by avoiding volatilisation of urea to gaseous forms; some gain from rapid uptake may also reduce direct fertiliser loss.  Potential for rapid uptake to have impact on N-content of pasture and thus urine.  Effects on leaching are not proven.
	Direct fertiliser losses are not a significant source of leaching, so effect may be minimal.  Overall, less N may be needed because of reduction in gaseous losses; but effect on leaching is untested.
	Production gains from avoiding N volatilisation.
	Could do field trials to measure leaching when this product is used.

	Bought-in supplement/feed manipulation

-Quantities

-Type (N content)

-Processing to reduce protein content of grass


	AgResearch project for Rotorua farms (Ledgard et al. 2007a) modelling of N loss with maize silage instead of winter N-boosted pasture showed a 12% reduction in N loss.

Modelling done for Fonterra using data from local dairy farms (Smeaton and Ledgard 2007) suggested that changing bought-in feed to low-protein maize silage could give an N loss reduction of 0-5%, depending on current inputs of bought-in feed.  Longhurst and Smeaton (2008) cite the following crude protein contents of feed: pasture 20-25%, palm kernel 16%, maize silage 8%.
Some work is underway to look at systems to remove protein from grass and sell it as a high-protein meal, while feeding the residue to stock (Jan Hania pers.comm.)

	Overall, imported feed is an N-input to the farm and therefore increases N cycling.  Nutrient budgets can be used to assess this.
Lower N-content feeds reduce N concentration in urine and have a minor to moderate effect on N loss, more so if used to replace N fertiliser.  Reduction is negated if feed is used to increase stocking rates.
Cropping can be a high N-loss land use so source of crop is relevant.  Ledgard et al.’s (2003a) modelling showed a low-protein crop decreased N leached per tonne Milksolids by 10%.  But when N leaching on the cropping site was included, there was no real efficiency gain.
	Dependent on the cost of low-N feed vs alternatives such as N-fertiliser.  Feed can be twice as costly as DM from N-fertiliser (Longhurst and Smeaton 2008).  Optimised scenario in Rotorua modelling had less maize supplement.

RED trials (Clark et al. no date) showed low inputs best when payout low.  With low feed costs and high payouts, ‘moderate’ supplement had highest profitability.  Low-N supplement can increase production without a proportionate increase in leaching that would occur with other feed or with N-fertiliser.

	Effect of low-N maize silage is well understood.

Some economic analysis has been done for Rotorua conditions.

Other experimental research on alternative feeds is underway.  

More understanding of the impact of supplement production and where it is sourced would give full picture of its impacts.



	Salt/ diuretics
	Indoor trials at Dexcel showed lower urine-N concentration by feeding salt (Ledgard et al. 2007b).
Outdoor trials progressing, one in Taupo -  possible N reduction may be 20% (S. Ledgard pers.comm.).
	Use of salt is effective in increasing cows’ water intake and urine volume and decreasing N concentration.
	Salt is relatively cheap and methods of feeding being developed, but no production benefit from this practice. Possible effect on soil structure?
	Research salt effects on soil in longer term – initial calculations show it would take large doses over many years to have an effect (S. Ledgard pers.comm.).

	Internal DCD

-DCD in bolus, feed, drench
	Field trials to begin at a range of sites, including Taupo.  Initial results promising (30% less N leaching cited in Ledgard and Luo 2008) - pumice soils not researched.
	Promising.
	Cheaper than field application (costs may be up to 10 times lower – S. Ledgard pers.comm.).
	Continue this research, including field trials of effectiveness and animal health/ residue work.

	Soil processes

	Nitrification inhibitors (DCD) and urease inhibitors (Agrotain)
- DCD is applied to the soil to inhibit conversion of N to soluble nitrate, thus holding it in the soil over winter
-Agrotain is to prevent urea volatilisation  (not leaching)
	AgResearch project at Wharenui dairy farm (Ledgard et al. 2007a) measured N-loss reductions over two years of 15% and 25% through use of DCD with annual pasture response ~5%.  Fonterra modelling indicated 10-25% N loss reductions.
Current work on DCD use in a grazed crop on pumice soil at Mangakino – results not available yet (S. Ledgard pers.comm.).

Urease inhibitors give less leaching reduction than DCD but there may be some extra reduction using both together (Zaman et al. 2007; 2008).  

Cow-mounted devices to apply inhibitors are not currently a focus of research (M. Zaman pers.comm.).
	Use of DCD can offer N loss reductions of 10-25% in Rotorua conditions.
In spite of higher leaching rates and therefore less effectiveness in free-draining soils, DCD is still a useful tool for these soils because other options such as seeps/ wetlands are uncommon in the landscape. 

Uncertain how DCD works in high rainfall.  May be ineffective above about 1800 mm/yr (S. Ledgard pers.comm.).
	A relatively easy technology to use.

Dependent on making use of the extra pasture grown/ reducing N fertiliser input.
Wharenui project showed DCD use was cost neutral for the dairy farm but reduced profitability on the sheep and beef farm.  
DCD use modelled for Taupo sheep and beef farms (Thorrold 2006) suggested reduced profitability from its use.
	Still only limited field trials done in Rotorua conditions, including economic modelling – Wharenui work continues.  
Need more trials under high rainfall conditions and over a longer term.
More research needed into strategic use of DCD in dry stock systems e.g. in intensively grazed areas.


	Organic amendments to the soil

-Building carbon sources or organic matter in the soil so that N is immobilised e.g. sugar, straw, bio-char, etc.
	Organic matter is positively charged, so does not hold nitrate. But building of organic matter/ carbon/ biological activity in soil can help take up N into organic forms by raising the C:N ratio and stimulating soil life.  Over time an equilibrium results where mineralisation = immobilisation rate so this may not be a lasting strategy for leaching reduction.  
Sugar was applied as a carbon source in Taupo.  Leaching dropped by 24-45% but pasture yield also fell 12-39% (Ledgard et al. 2007b).
Lehman et al. (2003) found biochar reduced leaching of fertiliser N in Amazon soils.  Temperate trials in North America are now underway.  Work at Lincoln University has focused on nitrous oxide emissions.
	Carbon sources can help to raise N-capture in organic forms, but effects may be short-lived as the organic N is re-mineralised to nitrate form; also when the soil capacity to immobilise N is exceeded, N-inputs beyond that point are available for leaching.  
Greater biological activity can result in an increase in N cycling within the soil, releasing organic N held in the soil and thereby requiring less external inputs; however as most N is lost from concentrated urine patches, this may not result in much reduction in leached N.
	There are many production and management benefits from building soil organic matter and biological activity, e.g. water and cation retention in poorly-developed pumice soils; reduced run-off in heavier soils through better soil structure.  
However, immobilisation of N decreases availability for plant growth and therefore production in the short-term, until such time as the immobilised N is re-mineralised.

	Bio-char research is in its infancy in Australasia (Sarmah et al. 2008).  
Further research could be conducted into the potential for building organic matter, carbon sources and the effects on leaching losses and production over time.
This could be combined with studies of leaching from organic farming systems (see N-fertiliser inputs, above).



	Pasture and crops

	Deep rooting/ high sugar grass

-Species with deeper roots to intercept N

-High/ sugar low N content grasses
	Deep rooting ryegrasses trialled in a glasshouse by AgResearch showed a wide range in N recovery (from 12% to 43%) by different types (Crush et al. 2007).

High sugar ryegrass trialled overseas showed higher milk protein yield and ~ 30% less N in urine (Miller et al. 2002).  Taupo trial of high-sugar grasses is underway; no results yet (S. Ledgard pers.comm.).
DairyNZ begins a new FRST research project in October looking at high sugar grasses and deep rooting pasture grasses.  
	Deep rooting/high sugar species have scope to reduce N loss.  Magnitude of gain still unclear. 

Need to see how high sugar genes are expressed strongly in warmer NZ conditions.  
Also takes time to develop association with ryegrass endophytes (C. Glassey pers.comm.).
	Minimal change needed at farm level as long as production not lowered.

May be a production gain from better N-partitioning into product rather than urine.
Deep-rooting grasses that recovered more N also had higher dry matter weight (Crush et al. 2007).

Deep-rooting grasses may have benefits in drought.
	Alternative species are a proven concept but the practicalities/ economics are not yet well established for NZ conditions.

Research continuing into possible alternative forage and pasture species.

Worth investigating the potential for lucerne further.

	Condensed tannin species
- partition more N to milk protein
	Condensed tannin species (e.g. birdsfoot trefoil) have been shown in overseas trials to reduce N concentration in urine by 90% (Misselbrook et al. 2005).
Some Dexcel trials underway – show these are effective for reducing N loss but low-producing.
	Condensed tannins are effective at reducing N leaching but not high producing forage. 

Potential for transfer of tannins into conventional pasture species like clovers or grasses.
	These species have not been shown to support high production.


	

	Perennials

- to avoid tillage/ fallow
	Lucerne trials in Taupo (Thorrold 2006) had high leaching – but high N rates were used to grow the crop.
	Uncertain what leaching would be if less fertiliser used/crop established fast.
	Lucerne had high yield once established in Taupo.
	

	Leaching weeds

-Gorse/ broom
	Rotorua work estimated N loss from mature gorse of 36-64 kg N/ha/yr (Mageson and Wang 2008).
	Gorse is high-leaching, but extent of gorse in each lake catchment is unknown.
	Cost to clear gorse, but may be a production gain.
	Look at extent of gorse.  Also impact of similar species such as broom.

	Cropping practices

-Tillage timing and winter cover

-N-fert practices

-Harvested crop vs grazed in situ, on-off grazing

-DCD use under a grazed crop
	Menneer et al. (2004)’s literature review concluded that timing of tillage and use of winter cover in cropping systems could reduce N loss by up to 80%.

Grazing winter crops is a high N-loss land use unless on-off grazing or cut and carry is used (see pads).

Modelling for Rotorua dairy farms by Smeaton and Ledgard (2007) indicated that replacing winter crops with grass-to-grass renewal could reduce N loss by 0-15%.
Current trial on using DCD with a winter crop at Mangakino.
	While best practices with cropping can reduce N loss under crops dramatically, only a small proportion of the catchment is in crops, so overall effect is small.


	Replacing winter crops with grass to grass could be cost-neutral – profit depends on need for pasture renewal, cost of winter feeding options other than a winter crop.
	Review the extent of land under cropping to establish its significance in the catchment and economic impacts of less cropping.  

Compare research into cropping N losses with local cropping practices to determine relevance.



	Growth promotants

-use of gibberelic acid for growth 
	Trials to date have focussed on production benefits – possible to grow dry matter more rapidly with same amount of N.  Leaching effects unknown.
	Faster growth could assist with N-efficiency/ uptake of N from the soil.  Leaching effects unknown, but unlikely to be large.
	Production gain from faster growth.
	Could research leaching under pasture treated with growth promotants.

	Grazing of Pastures

	Grazing management

-N-efficiency through efficient use of pasture
	Grazing and stocking practices (including calving dates) are related to other farm changes e.g. DCD use and wintering off pastures, which can increase spring pasture growth.  Farmers’ responses to these changes influence total N loss, due to N cycling in the farm system.

Thorrold (2006) found potential on Taupo sheep and beef systems to increase production through better grazing without more N loss.
	Due to free-draining Rotorua soils, there is limited scope to reduce N loss by identifying particular areas that are prone to leaching.

However, grazing practices can increase N efficiency.
	Grazing management to increase N efficiency can improve farm profitability.  


	Scope for ongoing research into optimised grazing systems for efficient production/ profitability where N loss is capped.

More work on N loss from different dry-stock grazed areas, high risk sites (e.g. stock camps), strategic use of DCD on these areas.


	Stock

	Stocking type and rate

-Dairy vs drystock

-Male vs female

-Stocking rate
	Rotorua dairying leaching rates are ~ 3 times that of sheep and beef (Ledgard et al. 2007a).

Leaching order is dairy cows > dry cattle > sheep.  Leaching is less from male stock.

Trial underway in Taupo to see if steers will leach less than heifers/ cows, but no results as yet (S. Ledgard pers.comm.).

Stocking rates are highly correlated with leaching losses.
	N-loss can be dramatically reduced by changing stocking type and rate.
	Profitability will be greatly affected by changing stocking type and rate. This will depend on relative product prices at any point in time and management skill.

Taupo trials (Rangiatea) found breeding ewes with high lambing were most profitable drystock system, with low N loss.  Thorrold (2006) found the best sheep and beef farms had similar profit/ kg N leached as best dairy units.
	Scope for ongoing research into high-performing dry stock systems with different cattle:sheep ratios and better genetics to get the most out of the system for the same N loss (optimised scenarios for different conditions, with economic analysis including sensitivity analysis for price changes).



	Genetics

-Better producing animals for same N loss

-Urine/dung partitioning
	Thorrold (2006) found potential in Taupo sheep and beef farms to raise production through better grazing and genetics without more N loss.

DairyNZ begins a new FRST research project in October looking at genetic selection for more N-efficient cows (N partitioned to milk or into dung rather than urine).
	Higher producing animals for the same loss of N offered the best potential gain for Taupo dry-stock farmers working under an N-cap.  This can involve many variations of grazing practice and stock mix, plus genetic improvement to improve the dry stock system.
	

	Wintering 

	Wintering off

-All stock or some
	AgResearch project for Rotorua farms (Ledgard et al. 2007a) measured N loss with no winter grazing over two seasons and found a 34% and 42% reduction in N loss.

Modelling done for Fonterra using data from local dairy farms (Smeaton and Ledgard 2007) suggested that increased wintering off could reduce N leaching by between 5-30% depending on current wintering practice and availability of wintering properties.

Taupo sheep and beef work (Thorrold 2006) indicated no grazing from April-Sept reduced N leaching to 6 kg N/ha/yr from 14 kg with all-year grazing.
	Wintering stock off the paddocks is an extremely effective way to reduce N leaching since winter is the drainage period when N is lost.  

If wintering off-farm, the problem is exported to another site.  

In high-input systems there may still be N loss over winter months due to N cycling in the soil system.

Farm system changes that go with wintering off also affect N loss e.g. stocking rates, extended lactation, whether pad effluent replaces N fertiliser. 

For example, Ledgard et al. (2003b) in Taupo calaculated grazing off would reduce N leaching by 35% but adjusted this to 18% taking into account a raised stocking rate to utilise the extra pasture grown.
	Can be highly profitable, depending on cost of alternative grazing and cost/ availability of other on-farm options (e.g. standing off on a pad).

Wintering off can also mean other management changes (calving dates, stocking rates, grazing management) that can affect the farm business/ require management skill.

The Taupo sheep and beef work found no winter grazing reduced pasture production 12% compared to continual grazing.
	No further research required into leaching losses.

Could look at limits to ongoing wintering outside the catchment to determine long-term viability of this option.  

Also determine how much stock is imported into the catchment for wintering.

	Pads

-Range of options from short-term stand-off to fully wintering on pad to stock in shelter all year round.
	Modelling done for Fonterra with Rotorua dairy farm data (Smeaton and Ledgard 2007) suggested that increased wintering on pads could reduce N leaching by 5-20%.

RED trials (Clark et al. no date) measured leaching in a stand-off situation at 31 kg N/ha/yr vs grazing on at 42 (26% less).

Taylor and Park’s (2007) modelling of leaching for winter grazing options showed that keeping stock in a Herdhome full-time leached 41% less N than wintering off, resulting in a leaching rate of 26 kg N/ha/yr.  Use of a Herdhome in winter (3 months) only leached 34 kg N/ha/yr, less than a stand-off pad (39), wintering off for 6 weeks (44) and wintering on (48). 

Reducing leaching through stand-off or wintering pads requires effective capture and management of effluent.

Some experimental work underway at the tight-N farm looking at cows’ defecation behaviour according to timing of feeding to scope potential to manage effluent better with intermittent grazing (C. Glassey pers.comm.) – no results yet.
	
	On free-draining soils, use of pads to avoid pugging does not give the benefits it does on heavier soils.  

Pads allow the farmer to retain control of stock over winter and can give better feeding with less wastage than feeding out in paddocks and so give production gain, at a cost.  

Also may get pasture response in spring – but then need to convert this to product (e.g. in RED trials stand-off production was lower than grazing on).

Pads require more labour and management input, the capital cost of a pad, and soft material e.g. sawdust (cost/ availability issues).  

Effluent can replace fertiliser inputs, but usually requires a capital upgrade to the system.

Taylor and Park (2007) found wintering off more profitable than building a pad.  Economic impact was sensitive to pad cost, production gain/ payout and interest rates.  They concluded that to give a positive return relative to wintering off, Herdhome costs would need to drop from $K350 to $K250 and a production gain of 10% would be required.
	Research into production gains from animals on a range of pad types  (e.g. Birchalls Herd Home monitoring project) – expand to a range of lower cost pad options.

	Effluent

	Managing effluent from farm dairy, yards and pads

-Proper collection

-Sufficient area

-Rate/depth per pass (type/ speed of equipment)

-Storage and timing (deferral)

-Less fertiliser N
	Modelling done for Fonterra using data from local Rotorua dairy farms (Smeaton and Ledgard 2007) suggested that spreading farm dairy effluent over a larger area and using less N fertiliser could reduce N leaching by between 0-10%.

Crops can also be used to ‘mine’ nutrients from effluent blocks e.g. maize silage can take up 200 kg N and 40 kg P/ha and reduce K levels.
	Limited reductions in N loss may be achieved through better effluent management, depending on the efficiency of current practice in applying effluent and fertiliser N. 


	A small profit gain could be made if used to replace N-fertiliser on an extended effluent block.

A larger effluent block/ cropping effluent blocks will also help farmers to manage K levels on the effluent area, which can become elevated and cause animal health problems.
	Substantial research has been done into effluent systems/ effluent management.

Could do specific local research into optimisation of storage in wet soil conditions, linked to soil moisture meters, and cost-effectiveness scenarios for low-rate systems.

	Manipulating effluent

-separating solids

-struvite
	Separating solids from liquids can greatly reduce nutrients in irrigated effluent.  Struvite precipitated from liquid effluent can remove both N and P (D. Guinto pers.comm.).
	Effective for dealing with effluent nutrients (not main source of nutrient losses).


	Cost of these processes may be prohibitive.
	No local research.

	Subsurface flows and streams

	Constructed denitrification wall/  woodchip filter beds
	Walls – (soil/sawdust mix used in a trench to intercept groundwater) – are not suited to sites with course textured subsoil.
Woodchip filter bed – A Rotoehu stream was partially diverted into a bed of 18m3 of woodchip;  ~50% of N was removed (Anderson and Taylor 2008).  Efficiency declined over time.  Similar results for bark. 
	Walls for groundwater have limited applicability as a concentrated sub-surface flow and impermeable subsoil are needed.
Wood chip filters can work like constructed wetlands - but need to consider impacts on the stream also.
	Anderson and Taylor conclude that expanding the installation to treat the entire stream flow was not economically or technically sensible.  

These beds are more cost-effective with higher nitrate concentrations.
	Continue monitoring existing woodchip filter at Rotoehu for trends in organic N and nitrate.  
Possibly look at other sites with concentrated nutrients - another trial to be done at Hell’s Gate in a stream with 20X the nitrate concentration.

	Natural seeps or wetlands

-Avoid draining these areas

-Fence and protect

-Plant a carbon source
	Research at Whatawhata (Nguyen et al. 1999) showed small farm wetlands could remove 50% of N in the water draining into them.

Effectiveness depends on how much water enters and residence time.  Vegetation helps slow the water and provides a carbon source to feed denitrifying bacteria.  High-carbon environments also help avoid greenhouse gas production.

Effects of grazing on wetland N removal are being monitored in Taupo (McKergow et al. 2007b) – early data shows total N exports are 5-10X higher with stock grazing.
	Seeps and wetlands can be effective at removing N.  

But because they are not common features in the Rotorua landscape, their potential as a tool here is limited.
	Cost of protecting wetlands and seeps is the opportunity cost of not draining and grazing, plus cost of fencing and any planting.  Benefit from not losing stock in wet areas.

Cost-effective way of achieving denitrification.
	Could survey the extent of natural seeps and wetlands in these catchments, their condition and management actions that could improve their effectiveness, including a cost analysis.

Further study of nutrient removal by wetlands/ seeps in this area (N+P), effects of grazing compared with fencing.

	Constructed wetlands


	To achieve 40-50% N removal, the wetland needs to cover 2-5% of the area of the catchment (Sukias et al. 2005).  Smaller wetlands may remove 20% of nitrate.

Okaro wetland is predicted to remove 165–210 kg N/yr once mature, ~ 20% of the N reduction target in the lake action plan (NIWA website).  No results available yet as the system is still establishing itself (C. Tanner pers.comm. Sept 2008).
	End-of-catchment wetlands can be effective at N removal if they are big enough.
	Cost of constructing Okaro wetland was $22/m2.
	Research into alternative construction methods to reduce the cost of constructed wetlands.

	Plant uptake and harvest from water
-Watercress

-Natural wetland vegetation nutrient uptake
	Results monitoring natural watercress in Whangamata stream near Taupo show that below the watercress, nitrate concentrations drop to 5% of the level above the watercress, at low flow/ summer growth season.  This is due to both plant uptake and denitrification.  Effectiveness declines with shading and in the winter season (Howard-Williams et al. 2008).

Initial results from a trial growing watercress in water from Waingaehe stream (Rotorua) show that with low flow (water spends 1 day), mean nitrate concentration at the outflow is only 40% of that at the inflow (average results – variable range).  Higher flow (water spends 2.5 hrs) is ineffective (Sukias et al. 2008).
	Potential for watercress harvest to be a useful tool in the right conditions – no shading, low water flow. 
Natural wetland plants also take up nutrients – estimated uptake rates for raupo, bulrushes and sedges reported as 13-263g N/m2/yr and 2-40g P/m2/yr (Reddy and DeBusk 1987).  But one third to one half of nutrient content is stored in below-ground tissue and not readily harvestable.

	Practicality will be site-specific and dependent on the right flow conditions.  

Other issues of harvest being looked at (possible contamination from geothermal arsenic or faecal material from stock). 

Studies of wetland plants have found that harvesting is not cost-effective for nutrient removal unless the crop has economic value – (McKergow et al. 2007a).  Watercress set-up and maintenance cost may be high but saleable product could offer income stream.
	Continue research into harvesting watercress crops, including cost/benefit analysis.
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	Practices that reduce P inputs to the farm system (note, stocking rates are considered below under ‘Stock’)

	P-fertiliser inputs - amount
- Soil testing  and nutrient budgets with land classes differentiated
-Reduced annual rates of P-fertiliser so that optimum soil Olsen P status is maintained.
	Project Rerewhakaaitu found Olsen P levels averaged 65, far exceeding target range for pumice soils (Longhurst et al. 2008).
Toenepi (Best Dairying Catchment - Waikato) models show dropping Olsen P levels to optimum could reduce farm P loss by 11-30% (see Monaghan et al. 2008).  Ledgard and Power (2007) modelled 40% less P loss in Upper Waikato farms.
McDowell et al. (2007) estimated the proportion of P exported from fertiliser, dung, pasture plants, and soil at ~10, 30, 20, and 40% respectively (Southland trial). Since 90% of P exports were derived from soils/plants/dung, management to lessen P loss should focus on maintaining soil P in the optimal range as well as minimising run-off.
	Reducing P-fertiliser inputs, with consideration of other inputs such as supplement and effluent, is a reliable way to reduce P in the soil and dung, thus reducing the risk of loss to waterways.

Optimum Olsen P levels for pumice soils are 35-40 and for allophonic soils are 20-30, so magnitude of gain depends on whether current levels exceed this.

This strategy can also take a long time (period of years for Olsen P levels to decline) (McCollum 1991).


	Opportunity for reduction to optimum Olsen-P depends on current P levels in Rotorua soils.  Excess P less likely to be held in pumice soils so wastage can occur.  Allophanic soils hold P more strongly.
Economic benefits will be positive and in proportion to the scope to reduce inputs to reach optimum.  Gillingham et al. (2003) showed that optimising P fertiliser amounts for different hill country land classes was economically beneficial.
	Well-proven practice with a solid base of research but more could be done specifically for pumice soils.  

More research into the high proportions of dissolved P in pumice soils and P leaching, and how Olsen P relates to this circumstance.


	P-fertiliser timing and form

- Granulated/ RPR form applied in dry weather
	McDowell et al. (2003), simulated rainfall of 15mm over 1hr in Canterbury, and found that there was more P in run-off from superphosphate-treated soils (5.4 mg/l) than from RPR-treated soils (0.11 mg/l) or control (0.02).  
	Depends on proximity to water, slope and weather following application – can be significant losses of P fertiliser if heavy rainfall occurs within a few weeks.
	Any reduction in P fertiliser lost to waterways is positive for the business.

Properties can develop policies to suit their situation e.g. ‘Any land that is too steep to truck fertiliser on will be retired and planted in trees’.
	Good basis of research.

	P-fertiliser placement

- Certified spreaders

-Trucked on

-Buffer zones
	Cooke (1988) estimated that 20% of the P export from one small hill country catchment could be from P in aerial fertiliser application falling directly into the waterway or saturated soils that generated runoff.  This was 5% of the total P applied.
	This is good practice for P fertiliser and should be adopted where practicable to avoid direct losses to waterways.
	
	Good basis of research, summarised in the fertiliser industry’s Code of Practice.

	Supplements

-amount

-type
	Supplements may be significant as a source of P (e.g. 20%) and are accounted for in the OVERSEER model (S. Ledgard, pers.comm.).  P content varies, but not as much as for N.
	Amounts of supplement used mean this is probably not going to make a great difference.
	Depends on price of different alternative supplements.
	

	Soil processes

	P-sorbing to soil

-Stock exclusion 

-Effluent practice

-Buffer zones
	Avoiding direct deposition of effluent or fertiliser to water ensures that P has an opportunity to react with and be bound to soil particles.
	See notes on practices for P fertiliser, effluent, riparian management.

	Crops and pastures

	Crop/pasture P content

	Clover responds to increasing P more than grasses (Gillingham et al. 2008).  
	If legumes can be bred that need less P, then overall P fertiliser rates can drop.
	Would be beneficial to farm business if alternative species is high producing.
	Research forage legumes with low P requirements.

	Stock

	Stocking type and rate

-Seasonal stocking rates

-To suit land classes
	Ledgard et al. (2007a) measured lower P loss from sheep vs cattle (0.046 vs 0.146 kg/ha), but no significant difference between sheep and no grazing (0.015).  
Menneer et al. (2004) reviewed literature and give range of P losses:
Dairy 0.5-1.0 kg/ha/yr

Hill country cattle up to 1.6

Hill country sheep 0.11 to 0.75

(Compared to forestry 0.01 to 0.1).
Can also look at seasonal adjustment to stocking i.e. less heavy stock in winter.
	Grazing sheep has less risk of P loss than grazing cattle.  Where cattle are grazed in high-risk areas there may be a need to consider additional mitigation.

Free-draining soils generally have less run-off and not at risk of pugging so at the lower end of the range.
	Profitability of different types of stock dependent on relative prices of products.
	The Wharenui trial had limited data so could do further measurements.

	Effluent

	Effective collection

-Dairy shed and yards

-Pads/ stand-off areas

-Silage pits
	These sites can be hotspot areas for run-off.  Effect depends on site-specific conditions.
Diversion of stormwater away from these areas is one effective practice.
	Targeting areas of effluent accumulation or nutrient hotspots can be an effective way to reduce nutrient losses.
	Cost implications depend on site conditions.
Extra effluent collected can be used to reduce fertiliser inputs. 
	Well established findings.  Cost-benefit depends on site-specific conditions.

	Land treatment 

-Not a pond discharge
	Changing from pond to land treatment with deferred irrigation in Toenepi was predicted to deliver a 58% decrease in P loss (Monaghan et al. 2008).  
Ledgard et al. (1996) estimated only about 30% of P in effluent is removed by two-pond systems.
	If there are any pond discharges in these areas there is scope for significant reductions in P loss by switching to irrigation.
	Switching to land application of effluent involves a capital cost but a nutrient credit if effluent replaces fertiliser inputs.
Retain existing ponds for storage.  Monaghan et al.’s (2008) Toenepi modelling predicted a 1% profit loss.

Topography may constrain option of land application. 
	Well established findings with a range of economic/ cost-benefit analyses done – see Monaghan et al. (2008) for analyses in Best Practice Dairying Catchments.

	Storage and application

-Rates/ area
-Soil conditions (deferred)

-Buffers by waterways

-Artificial drains
	Effluent can be a significant source of P (15-20 kgP/ha/yr) (Menneer et al. 2004).  Houlbrooke et al. (2004) found that generally, 2-20% of nutrients in effluent reach waterways.  However, when soil is at or close to saturation, 30% of applied effluent can reach mole/ tile drains.  Sound scheduling to apply only in dry conditions can reduce direct drainage to waterways to nil.
	Effectiveness depends on having sufficient storage to defer irrigation when soil is saturated.

Especially important for artificially drained soils, but these are not common in Rotorua.
	Capital cost of storage ponds and extending effluent area can be offset over time with nutrient credit gained from effluent spreading, as long as fertiliser inputs are reduced. 
Spreading K on larger area has animal health benefits.
	Could do a cost-benefit study of deferred irrigation in Rotorua conditions.

	Erosion and run-off – a factor of soil properties, slope, rainfall, grazing practices and vegetation cover

	Identify Critical Source Areas

-Walk in the rain

-Check any drain outflows

-Where run-off paths/ water coincide with soil or dung build up; areas of poor infiltration 
	As Critical Source Areas (CSAs) are different on each property, careful observation can help establish where to target sources of surface run-off to water e.g. McDowell et al. (2006) found 80% of P-input to one Rerewhakaaitu stream was from a small tributary that contributed < 20% of the flow, due to a crossing in daily use.
McDowell and Wilcock (2004) cite different studies showing that in different locations, P loss can be dominated by:

· streambanks (50%)

· gully erosion (62%)

· tile drains (60%)

Aerial analysis by Doug Hicks (pers.comm.) shows that across the whole of the BoP region, bare ground from eroding surfaces covers 0.89% of area; and from land use disturbance covers 0.51% of total area.  Principal causes include:

· streambank scour/deposit 0.43

· tracks 0.22

· landslides 0.10 
· gullies and tunnel gullies 0.11

· cultivation 0.09

· grazing pressure 0.05

Rotorua studies show dissolved P can also be important (indicating that surface run-off of dung and surface fine topsoil material may be important, not just ‘point sources’ of eroding soil). 
	Effective way to prioritise action by assessing where and when run-off occurs.
Results depend on farm specific factors, i.e. erosive power of slopes and unstable hills or gullies, whether streams are fenced, channelisation and overland flow, siting and state of tracks, amount of effluent deposited on these surfaces, proximity to waterways, filtering or other attenuation between the area and the waterway, and any surface or subsurface drainage.
	Because surface run-off is visible, this is a relatively straightforward and low-cost way to monitor and address key sources.
	Do this exercise for a number of properties in Rotorua catchments and compare results.
Compile a practical guide for farmers on how to identify Critical Source Areas for P loss on the farm with photographic examples.

	Tracks and races

-Site and design to shed water onto paddocks, not into waterways
-Cut-offs to grass
	Limited research available, done on heavier soils.  Whatawhata work showed cut-offs to channel runoff away from water reduced sediment loss and faecal bugs in waterways. 

McDowell et al. (2006) reported a crossing used daily by cows was the reason one tributary contributed 80% of P inputs to a Rerewhakaaitu stream, but only 20% of its flow.

Preliminary findings from a trial in Bog Burn (Southland) show concentrations of nutrients and faecal bacteria in track run-off are relatively high, (similar to farm dairy effluent).  Concentrations increase closer to the milking shed.  Further work will now determine the quantities of these pollutants being discharged to the stream, and their significance at a catchment scale (R. Monaghan, pers.comm.).
Analysis of aerial photos of BoP region shows bare ground from tracks accounts for 0.22% of total area (D. Hicks pers.comm.).
	Hicks’ BoP aerial photo analysis shows that the area of bare ground from tracks (0.22%) is similar to that from landslides and gullies (0.21%) but less than from stream bank scour/ deposits (0.43%).  
Not all bare ground on tracks is actively eroding.  However, tracks and races can be a significant localised source of run-off, especially where there is a concentration of effluent deposited on the track, and/ or it is close to a waterway with no filter or buffer in place.


	Economic benefit from reduced track maintenance if designed/ shaped to shed water.
	More research into how much run-off is contributed by tracks and races on free-draining soils.

	Run-off from grazed paddocks

-Avoid compaction/ bare ground/ soil disturbance

-Careful grazing near water or in ephemeral waterways

	The impact of compaction on P loss is related to soil drainage properties (Menneer et al. 2004).  Most studies of pugging relate to heavier soils.  McKergow et al. (2008a) found no difference in macroporosity between grazed pasture and grass filter strip areas retired for two years on their Kaharoa ash site, but there was an improvement in their mud soil site.
Light Rotorua soils have little surface run-off e.g. McKergow et al. (2008a) found on ash soil that only 6% of rainfall became surface run-off; however in the heavier mud soil 35% of winter rainfall  ran off.

McKergow et al. also found in their grass filter strip trials that the control treatment (grazed pasture) removed contaminants in surface run-off (26-45%) at the dry-stock site, due to infiltration in the light soils.  This suggests that careful grazing of ephemeral streambeds/ critical areas to leave adequate pasture cover might aid filtration. 

EW (Taylor et al. 2008) compared infiltration in pumice and allophonic soils under forestry and grazing by beef or dairy cattle and found infiltration rates in grazed soils of 17-99 mm/hr, broadly similar to Whatawhata results (5-90 mm/hr).  The range of values may indicate that grazing management of these soils can affect infiltration rates.  Infiltration rates of grazed soils were 10 times lower than forest soils. 
	While free-draining soils are not susceptible to pugging and run-off, mud soils are.  There can still be surface compaction of pumice and allophonic soils so careful grazing near waterways is good practice.  Pumice soils are hydrophobic when dry, which leads to some initial run-off when rainfall follows a dry period.
Grazing that leaves adequate pasture to filter run-off in ephemeral stream beds is also useful.
	Rotorua soils are free-draining and not susceptible to pugging.  
However, compaction may still cause some soil damage and reduce pasture production.

	Little research has been carried out into grazing impacts/ compaction of pumice soils and implications for run-off.  
However, the limited run-off from free-draining soils in many Rotorua studies implies this may not be a high research priority.

	Stream/drain banks

-Stock exclusion

-Stock crossings

-Vegetated banks
	Streambank erosion creates loss of sediment with P attached, and Rotorua soils are easily eroded.
Williamson et al.’s (1996) study showed that when stream banks in Ngongotaha were stabilised, P loss dropped by 27%.  Actively eroding stream bank areas declined from 30% of channel length to 4%, and estimated sediment exports to Lake Rotorua were reduced by 85%, and total P inputs to the lake by 15-20% (Cooper et al. 1990). 
Analysis of aerial photos of BOP region showed bare ground from stream bank scour/deposits at 0.43% of total area (D. Hicks pers.comm.)
	Significant stock exclusion is already in place around lakes and streams in the lakes catchments.  As of 2003, 93% of lake margins had no stock access, and

88% of stream channels had no stock access (Stace and Fulton, 2003).  However, Hicks’ data indicates there are still some eroding areas.
Addressing this will help control sediment- P; other options are needed to address dissolved P.
	Simple stock exclusion is a low cost practice for dairy farmers with stock management and pasture utilisation benefits.  Sheep fencing and stock crossings are more costly.  
Significant grants are available to encourage this practice.
	Reasonably well documented practice.

	Slips and gullies

-Stock exclusion

-Slowing water

-Vegetation for soil conservation 
	No data on how much sediment loss can be avoided by stabilising these.  Analysis of aerial photographs for BoP pumice country indicates that landslides and gullies accounted for 0.10% and0.11% of total area respectively; compared with streambank scour/deposits at 0.43% and tracks at 0.22% (2003 data from Doug Hicks pers.comm.)
	Pumice is easily erodible so stabilising these areas will reduce P loss attached to sediment; however more bare soil is exposed in streambanks than slips or gullies in this area.  Also soil from deeper horizons is less P-rich than surface sediment/ run-off.
	Stabilising eroding soils protects productive assets and infrastructure on the farm.

EBOP property plans Environmental Programme gives 75% grant rate for these works.

	Techniques for stabilisation well known.  
Could look at further studies on how much P loss is associated with eroding slips and gullies in this area.

	Cropping land

-Timing/amount of tillage/fallow

-Cover crops

-Proximity to water

-Grazing crops
	Menneer et al. (2004) note that post-harvest strategies to minimise bare ground will reduce P losses.

Trials in Southland (Drewry and Paton 2005; McDowell et al. 2003; McDowell et al. 2005) showed grazing cows on winter crops with no backfence caused more soil compaction than grazing with a backfence or restricted grazing (3-4 hrs on, then off).

Restricted grazing resulted in less P loss (75% less in 3 hrs/day grazing compared with 24 hrs/day grazing).  

Treading in a winter crop resulted in more runoff, higher suspended sediment levels and more P loss.
	Soils of Rotorua are more free-draining and not susceptible to pugging like Southland Pallic soils.  

However, the principle applies that intensive grazing of winter crops leaving bare soil and dung exposed increases the risk of run-off and P loss.
	On-off grazing may require construction of a suitable stand-off pad.
	Establish extent of cropping and management practices.


	Filtering and settling

	Riparian filter strips

- Strips of grass or trees between  crop areas/ races/ paddocks and waterways

	Williamson et al. (1996) found that although riparian areas reduced sediment loss in Ngongotaha by 85%, P loss only dropped by 27%. 

Ledgard and Power (2006) Upper Waikato modelling assumes 20% P loss reduction from a riparian filter. 

Parkyn (2004) reviewed literature and found riparian strips can remove 50-80% of sediment and particulate nutrients.  Most settle out within 5m; suspended fines settle out only with infiltration, requiring 10+m.  

Smith (1989) at Whatawhata found only 55% of dissolved P was removed in riparian strips.

Dissolved P can be important in Rotorua soils.  Ledgard et al (2007a) found dissolved P averaged 55% of total P loss at Wharenui and McKergow et al. (2008a) found variable values (7-93%, median was 31% dissolved P) on Kaharoa ash; Longhurst et al. (2008) report 23% as dissolved P in surface run-off.
	Already extensive riparian protection of Rotorua lakes (see stream banks, above). Limit to effectiveness in Rotorua as a high (50%+) proportion of P in run-off is dissolved (not particles).

Filtering depends on:

- water flow (sheet flow vs preferential channels) 
-  width of strip (suited to slope and catchment area)
- vegetation (grass strips more effective than trees as more dense at the base).

Effectiveness likely to decline over time (20+ years) due to P saturation, unless harvested somehow.

Also over time, channelised flow may cut through the strip and reduce filtering values.
	Fencing cost significant for sheep fencing, less for dairy.

Farmers may get other benefits from riparian fencing/planting e.g.

-better pasture utilisation from improved paddock subdivision

-better stock management/ fewer stock losses
- improved swimming water quality and enhanced landscape/ property value/ game species on farms.

Subsidised schemes available from EBOP to reduce capital cost.


	Well researched, set-up costs well known.  Further work could occur on long-term fate of nutrients in filter strips.

	Contour filter strips/ hedges
- Ungrazed grass strips across the slope in paddocks to intercept sheet-flow (i.e. close to source, not the riparian zone)

-Thick hedges of stiff-stemmed grass where concentrated flows occur
	McKergow et al. (2008a) trialled bands of ungrazed pasture (3m wide, 0.8m thick) as grass filter strips across ephemeral stream channels in dairy and dry stock Rotorua farms.  
Results at dry-stock site (Kaharoa) showed reductions in suspended sediment (40%), and total P (15%) compared with control (grazed pasture) and 60-80% compared with in-flow.  However, only small amounts of run-off were generated so strips had a limited effect.

At the dairy site (mud soils) the reduction was 35-87% compared with the control (grazed) slope.  
Effectiveness was less in high rainfall events.  Planted Phalaris was less effective than existing pasture, left ungrazed.  
No results yet from grass hedge trials at Wharenui (C. Tanner pers.comm.).
	Ungrazed grass filter strips can be an effective tool when moderate amounts of surface run-off are generated.  They are more useful on the heavier mud soils due to only small amounts of run-off on light soils – McKergow et al. did not recommend them for Kaharoa ash.  They may be more effective than riparian strips because run-off nearer to source is more likely to be sheet flow and not channelised.
Fate of trapped pollutants is uncertain (e.g. in one Waikato study, trapped microbes were washed out of a grass filter by rainfall 5 days later (Collins et al. 2004)).  Strips will need temporary grazing or cut and carry to transfer nutrients back to paddocks.
	Cost of fencing these strips depends on to stock type.  This could be a relatively easy practice on some sites.
Need to select sites with sheet flow of run-off, not channelised flow.

Requires active management to keep sward dense at ground level e.g. McKergow et al. cut their retired strips every 5-8 weeks.

Seasonal grazing could occur e.g. retiring from April to October during peak run-off season.

McKergow et al. recommend comparing cost-effectiveness of other types of attenuation such as sediment traps/ ponds/ dams/ wetlands.
	This technique shows promise for heavier soils but McKergow et al. (2008a) note that a large variability in performance reported in the literature.

	Sediment traps, weirs
-To slow, filter, and settle out sediment in run-off or waterways

-May allow plant up-take

-Can combine with reactive materials (below)
	Experimental straw-bale barrier at Wharenui station was found to increase P due to hay breakdown (Ledgard et al. 2007a).
Recontouring into a weir structure to create planar flow in a gully showed increased infiltration and greatly reduced particulate P, but increased dissolved P in run-off.  Total P loss was reduced (limited data so far). 
Rerewhakaaitu sediment traps took out 10% of P (Longhurst et al. 2008)
Other experiments on infiltration treatment for drainage water underway in Waikato (Serpentine Lakes) (Ballantine et al. 2008)
	Because of high proportion of dissolved P in run-off from pumice soils (50%+), filtering and infiltration techniques will have limited effectiveness on these soils.  
This suggests a need to look also at P-sorbing techniques (see below).
	These structures need not be expensive e.g. board laid across gully floor, with or without levelling.  
Need more work on practical design e.g. sediment traps at run-off sources may fill rapidly with sediment – need to design for practical maintenance.  Spreading back onto paddocks will make use of the P in it.
	Filtering/ infiltration effects are well proven, but these structures are likely to be very site specific, depending on the run-off characteristics of slopes and soils. 
Continue to work on practical designs. 

Continue Wharenui and Rerewhakaaitu trials.  Scope to experiment with these on different sites.

	Natural wetlands

-P removal by settling, uptake
	P removal from a small headwater wetland was measured at 27% at Whatawhata (Nguyen et al. 1999).
	Limited occurrence of natural wetlands in Rotorua catchments.  Long term fate of P unclear.
	Wetland fencing is a practical option for dairy, more difficult/ costly for dry stock farms.
	Surveying incidence of small wetlands and seeps in Rotorua catchments and management action needs.

	Removal of dissolved forms from water (drains, streams, wetlands)

	Reactive materials/ filters for sorbing or precipitation (flocculants)
-P-sorbing chemicals or minerals that cause physical or chemical bonding of P molecules to the surface of

solids e.g. slag socks, alum, zeolite/ bentonite clays, placed in run-off pathways, in filters or in streams
	In Rerewhakaaitu, Longhurst et al. (2008) laid P socks filled with electric arc furnace slag in a shallow pit and reduced total dissolved P by 53% and total P by 22%.  Melter slag gave a 60% reduction in DRP.  
McDowell et al. (2006) used melter slag socks in a Rerewhakaaitu stream and removed 30% of dissolved P over 8 months.  

McDowell (2007) tried altered melter slag in socks in a stream and reduced loads of dissolved P by 35% and total P by 15%.  The same material dug into a trench by a laneway removed 95% of total P.  He concluded a material with better sorbing capacity is required for stream flows.

Wharenui trialling P-socks sitting on top of soil with a board across the slope to slow run-off.  No results this year as run-off all infiltrated behind the boards.

Larger scale flocculant trials done in Utuhina stream and Lake Okaro.  Utuhina plant removes 2t of P/yr (J. McIntosh pers.comm.).
McKergow et al. (2007a) also cite work by McDowell on the west coast where broadcast alum twice a year on soils reduced P losses in

overland flow from dairy pasture by approximately 20%.

Trials adding reactive filters to wetlands are also underway.
	Reactive materials offer potential for removing dissolved P, especially from concentrated run-off areas and at low flows (>20l/s). Highly reactive material is needed to lower P effectively in streams.
Effectiveness of P-sorbing materials declines over time, so they need to be replaced every 1-15 years (depends on nature of the material P concentrations).

The socks allow the reactive material to be periodically replaced when sorption capacity is saturated.  
Dosing larger waterways with flocculants is effective at dropping levels of P in water, but there are questions over the ultimate fate of the P (as it may be re-released when pH and oxygen levels change) and possible effects of aluminium on aquatic life.

Looking at possibility of re-using alum after its use in water treatment plants as a less expensive source.

Reactive filters added to constructed wetlands have potential – materials need to work in anaerobic soil conditions.
	Requires practical means of periodically replacing P-sorbing materials/ avoiding clogging with sediment.  

McKergow et al. (2007a) say natural materials have a low P-sorption capacity so cost depends on distance to transport, while artificial products like alum have higher P-sorbing capacity but tend to be relatively expensive and often short-lived.

McDowell et al. (2006) concluded the cost of steel melter slag was too great to make this concept useful other than for specialist areas.  Cost-effectiveness was low due to high stream flow/ low P concentration.
Cost of the P socks was $US1.30 per sock (190 socks used) or $US25 per kg P retained.  By contrast, building alum treatment plants may only cost $5-10/kg P removed.  
Other material such as volcanic lapilli (gravel) may be cost-effective for drain water (Hanly et al. 2006), depending on local availability of the material.
	Review by NIWA (McKergow et al. 2007a) summarises P attenuation options including cost-benefit analysis for a wide range of options.  
Materials worthy of more study include melter slag or volcanic lapilli for removing P from track/ crossing run-off – more research is being done into options as part of Wharenui work.

Continue trials over longer time frames to establish the longevity of different materials’ P-sorbing capacity, and effects of sediment clogging.

There is an ongoing research programme by the University of Waikato and EBOP  into flocculants for Rotorua lakes/ streams.

Addition of P-sorbing materials to wetlands or sediment traps is also worthy of ongoing investigation (underway).

More work on reactive material toxicity/ contaminants.

Look at broadcasting alum to soil (Rotorua soils).

	Plant uptake

-Drain and wetland vegetation


	Wilcock et al. (2006) cite drain management as an important practice for P management in dairy catchments.  Vegetated drains not only encourage nutrient uptake, they increase denitrification rates.
	Effectiveness depends on extent of wetlands and open drains, drain cleaning/ ultimate fate of P trapped i.e. is it cleaned out and spread.
	Vegetation left in drains may impede drain flow.
Can compromise e.g. cleaning drains in sections.
	Establish extent of open drains in these catchments and what the potential is to manage them for maximum nutrient uptake.

	Plant harvest from water
-Watercress
	Initial results from trial growing watercress in water from Waingaehe stream (Rotorua) show that with low flow (water spends 1 day), dissolved P concentrations at the outflow are only 37% of those at the inflow (average results – variable range)  Sukias et al. 2008). Ineffective at higher flow (water spends 2.5 hrs). 
	Watercress harvest shows promise for removing both P and N under the right conditions (low flow, no shading).
	Practicality will be site-specific.  Other issues of harvest being looked at (contamination from geothermal arsenic or stock faecal material). Cost/ maintenance needs may be high, but possible income from produce sale.
	Continue watercress trials.
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Appendix: Sensitivity analysis from a ‘Rough Guide’ to the range of nutrient management practices  

Source: Ritchie, 2007.

In the following table, the influences that determine the environmental effectiveness of a practice and its on-farm economic impact are set out.  They are listed roughly in order of greatest to lowest potential to influence these impacts.  However, it is still important to note that on-farm economic and environmental effects will differ from farm to farm.  For example, wintering pads may have economic benefits on difficult farms but negative economic impact on easier country. These lists were compiled from literature and in consultation with farm systems and nutrient management researchers.  
Factors influencing environmental and economic impacts of practices
(Factors listed in rough order from most through to least influence)
	Nutrient management practices
	Factors influencing environmental effectiveness
	Factors influencing on-farm economic impacts

	Nutrient budget and nutrient management plan
	Current nutrient status (Olsen P)

Action taken as a result of the budget and changes to:

· Current wintering practice

· Current fertiliser practice

· Current effluent practice

· Current supplement rates
	Cost of fertiliser/ feed inputs

Action taken as a result and changes to:

· Current wintering practice

· Current fertiliser practice

· Current effluent practice

· Current supplement rates

Impact of change on production

	Wintering practices – pads
	Stock type

Length of time/ season spent on pad – how closely it matches the ‘drainage season’ in paddocks

Effluent collection and re-distribution to land

Amount of extra feed brought in and increases in stocking rate

(Note there are other impacts in places where the feed is grown.)

Reduction in compaction and therefore runoff (varies depending on soil and contour)
	Cost of pad + effluent system and cost of debt servicing

How much extra pasture can be grown (compaction avoided) and how well it can be utilised

Pad design to avoid lameness

Cost of feed

Reduction in feed wastage 

Labour required to operate pad

Cost of other wintering options (on-farm and off-farm) 

Milk payout

Ability to keep cows well fed and extend lactation 

Reduction in fertiliser inputs with extra effluent spread.

	Effluent management – switching to land application/ increasing area irrigated/ deferred irrigation/ low rate
	Potential to switch from pond to land irrigation

Management of the systems (current and new) and of any additional fertiliser inputs

Soil type and contour

Presence of subsurface drains.
	Whether existing ponds can be used for storage

Choice of irrigation system – capital and running/labour costs

Reductions made in fertiliser inputs on effluent blocks

Utilisation of pasture grown

	Riparian management – stock exclusion, filter strips, crossings
	Stock type and current stock access to and impact on water

Slope of surrounding areas

Width of riparian strip

Free-draining soils / mole or tile drains that bypass riparian zone

Bank instability and P status of eroding soils

Grazing and cropping practices next to waterways or filter strips

Vegetation in the filter strip – does it slow the water flow?

Channelisation of runoff flow in the strip vs ‘sheet’ flow

Long-term fate of phosphorus trapped in the filter areas.
	Capital cost (fence type, terrain, planting)

Lameness avoided and time saved in crossing rivers

Maintenance cost (weeds, floods)

Maintenance savings (drain and culvert clearing)

Savings on stock losses and mustering time

Grant availability (can be 35%) 

Subdivision/ pasture utilisation gains

Enhanced capital value.

	Hotspots e.g. yards
	Location of the area in relation to waterways/ aquifers

Size of area and concentration of nutrients deposited on it
	Cost of collecting/ redirecting effluent draining or seeping from the area

	Tracks and races
	Track drainage to stream/ drain

Contour

Stock type and time on track

Cut-offs and shaping to divert runoff and how cut-offs/ diverted runoff is managed – effectiveness of filtration areas
	New race or retro-fitting?

Redesign work needed e.g. reshaping, cut-offs, surfacing

Maintenance saved (grading, resurfacing, culvert and drain maintenance)

Any reduction in lameness 

	Nitrification inhibitors
	Current wintering practice 

Climate/soil – may be more effective in drier, colder soils

Whether N-fertiliser use drops

Whether there is an increase in nitrogen cycling (e.g. stocking rate or feed intake) for pasture increase

Number/ timing of applications (2 recommended – autumn + winter)

Some uncertainty over ongoing effects with longer-term use 
	Cost of product

Pasture response

Ability to utilise extra pasture

	Wetlands
	Are there existing wetlands?

What percentage of the farm’s drainage is captured by them?

How long is water retained? (Size, vegetation, flow pattern)

Carbon source available (vegetation)
	Cost to create new wetlands and/or fence existing wetland

Savings in stock losses prevented 

Opportunity cost of not grazing

Cost of any planting and weed control

	Low nitrogen input systems (lower N fertiliser and supplement inputs, possibly with better animal genetics or grazing practice used to make more efficient use of N inputs)
	Effectiveness of animal performance to capture N in product

Consider impacts of inputs where they are produced e.g. cropping areas
	Cost of fertiliser/ inputs

Prices for outputs/ products 

Production response to inputs (genetics, pasture utilisation)

More gain likely if current N use is high (e.g. 200kgN/ha/yr), as cost of N use is high relative to the marginal production gained

	Fertiliser management
	How closely current practice matches recommended practice

· avoiding high risk period i.e. winter N application

· using slow release P fertiliser in high risk areas
	Amount of nutrient retained

Cost of fertiliser

Relative product prices

pH - slow release P fertiliser (e.g. RPR) can affect production in high pH (above 6) as it is very slow-release 

	Grazing management of sensitive areas
	Whether areas are currently critical source areas for nutrients, reduction in run-off
	Alternative grazing areas available, reduction in compaction achieved

	Changing land uses/ stock types
	Whole farm or part of farm?

How intensive is the land use e.g. lowland sheep can be intensive 

For crops, crop type and harvest e.g. perennial vs annual; grazed in situ vs cut and carry
	Relative profitability of the alternative land uses

Cash flow (e.g. forestry)

	Drain management
	Residence time of water in drain

Ultimate fate of vegetation in drain – is it removed?

Management of clearing
	Drain maintenance costs reduced from stock exclusion

Any stock loss avoided or reduction in labour for stock management/ mustering

	Feed manipulation
	Are low-N supplements used to replace N fertiliser and high N feed or are they used in addition?

Impacts of growing the crops
	Costs, yields, production (profitability).

	Controlling erosion/ sediment sources e.g. gullies, stream banks
	Slope/ soil and current erosion rates or potential risk

P status of eroding areas.
	Risk to assets and grazing land from erosion

Cost of erosion protection 

Impact on production (e.g. shading from trees)
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