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Land Use:

Natural land (59%)

Pastoral land 

(39%)

New Zealand – 27 M ha

Populations: 

5 million people (on 1% of land area)

27 million sheep (down from 60M in 90s)

6.5 million dairy cattle (up from 3.4M in 90s)

4 million beef cattle

Agriculture is most important NZ industry

Predominantly pastoral livestock

Low-cost systems:

- Year-round grazing

- Clover-based pastures



Water quality state
National snapshot

E. coliMacroinvertebrate Community Index

Source: Land Air Water Aotearoa, www.lawa.org.nz
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Animal stock unit equivalents (SUEs) 
1971 – 2019
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1 SUE consuming ~ 6000 MJ ME per year
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Implications for water quality

Assessments of farm scale P losses
(1995 – 2015, pastoral farms)

Mitigation & 

improved practices

Changed landuse

More vulnerable land

Intensification

Monaghan et al. 2021

23% 

decrease



Mitigation & 

improved practices
Changed landuse

More vulnerable land

Intensification

Monaghan et al. 2021

X
25% increase

Implications for water quality
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2. Policy developments



National Policy Statement 
for fresh water management

Directing regional councils to set limits for fresh water in 
their regional plans to

• “..safeguard fresh water’s life supporting capacity, 
ecosystem processes, and indigenous species 

• manage freshwater bodies so people’s health is 
safeguarded

• maintain or improve the overall quality of fresh 
water within a region..”





What does this (likely) mean?

• Farm Plans mandatory (starting with “at risk” catchments)

• No more than 190 kg synthetic N/ha per year

• Interim controls on intensification

• Stock exclusion from waterways & wetlands

• More stringent rules for animal wintering – limits on areal 
extent, slope, pugging depth, re-grassing dates

• Tighter controls on stock holding areas (feed, standoff 
and loafing pads; wintering structures)

• For many farms: managing in-stream nutrient 
concentrations (perhaps to < 2.4 mg DIN/L)





3.  Practical responses

a. Better pastures/management

• Reductions in purchased N

• Diverse pastures

➢Plantain

➢More winter active

➢Deeper rooting?



Plantain
From weed to wonder plant?

• Commercially available

• Positive attributes

➢Less and diluted urine N

➢Slows nitrification

• Targeted at N leaching reduction

➢c. 10 – 30% reductions?

• ~ 30% plantain in pasture/diets will 
be required

Woods et al. 2018

Carlton et al 2019

Minnee et al. 2020



Simon et al. 2019

Plantain co-benefit:
Reducing N2O emissions
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3.  Practical responses

b. Forage cropping systems

• Less autumn & winter forage 
crop grazing
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3.  Practical responses

b. Improved forage cropping 
systems

• Less autumn & winter 
forage crop grazing

• Less bare or damaged soil

➢Catch crops following 
winter crops

➢Reduced tillage 
intensity

B Malcolm, P Carey and others
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3.  Practical responses

b. Improved forage cropping 
systems

• Less autumn & winter forage 
crop grazing

• Less bare or damaged soil

➢Catch crops following 
winter crops

➢Reduced tillage intensity

➢Provision of ground cover

• Off-paddock infrastructure?



3.  Practical responses

c. Alternative land uses?

• Trees…

• Fruit crops – avocado, kiwifruit, etc.

• Specialty seeds – carrot, radish, etc.

• Hemp

• Small ruminant milking



Emerging industries



3.  Practical responses

d. Managing vulnerable landscapes

Minimize overlap between intensive grazing and vulnerable land

Important for sediment control at farm and catchment scale



Managing and modelling soil loss risk

Inherent properties Management factors

Rainfall erosivity Crop yield

Slope angle Stock Type

Slope length Tillage method

Soil erodibility Grazing history

Grazing density

Residual Cover



Tactical grazing to protect
Critical Source Areas (CSAs)



Tactical grazing to protect
Critical Source Areas (CSAs)



4.  Research needs

• Plantain

• Catch crops

• Improved geospatial modelling to guide 
policy & practise

• More efficient recycling of urinary N

effectiveness at farm 
scale, other attributes?



Reducing the N problem =
targeting the urine patch

N load

up to 1000 kg N/ha



Pipeline: some options for urinary N

Available and being used

On its way (?)

At an early stage

Low N feeds
Tannins

Low N sires

Stand-off (various structures/options)

Deeper rooting species

Cut and carry

Winter active pasture species

Diurnal pattern of urinary 

N concentration

Urine spreader on animal

Carbon-rich OM

Fertiliser management

Effluent management

Plantain
Excrete 

less N

Off-

paddock 

capture of 

urine N

In-field 

capture of 

urine N

Treat the 

urine patch

Catch crops

Diluter - salt

Process inhibitors

Diluter - plantain

DCD



More affordable standoff options?



Final remarks

• It’s a tough time to be a NZ farmer…

• Implementing what we know now will be important

• Some design inefficiencies still to be overcome

➢N surplus in urine patch

➢grazed winter forage crop systems

➢transport of faecal microbes in surface runoff

• Better matching of Land Use to Land Suitability is 
also required


