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The growth years: 1990 to 2014



Where has the additional 

15 m t DM come from?

2/3rd from expansion

1/3rd from 

intensification







PKE

Maize 

silage

Fodder beet



% farms by different system types 2000 – 2010

25-40% feed imported, 

fed year-round

20-30% feed imported

10-20% feed imported

4-14% feed imported, 

shoulders only

No feed imported



By the way: did farmers make more money?

MS/ha Profit, ROA

Low (System 1 and 2)

Medium (System 3) +66 Not Signif.

High (Systems 4 and 5) +149 Not Signif.

Lincoln University: Ma, Renwick & Bicknell (2018)



Why not?

• Waikato: $1.68

• Canterbury:   $1.53

• Ireland: $1.53

• UK:   $1.62

x 1.5 rule of thumb

‘Sticky’ additional costs 

$ total operating costs per $ feed cost:
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Freshwater 

quality



Trends: Nitrate leaching

Dairy

Beef

Sheep

Stats NZ and MfE

Nitrate leaching rates 

(kg N/ha/year)

2017



Selwyn-Waihora sub-catchment:

- 30% reduction in nitrate 

leaching beyond ‘good 

management practice’ 

(GMP) by 2022

Hinds sub-catchment:

- 25% below GMP by January 

2030

- 36% by January 2035

Example:

Canterbury

Regional Council Land and Water Plans

Implementation and enforcement by 2025



Cows are not a source of nitrogen!

It’s the amount of N bought in to the 

system, and how it is managed, that 

matters



Research focus (since 2010)

• System re-alignment

• Forage options

• Animal selection and breeding

• Break negative relationship between 

production/profit and environmental impacts



Systems re-alignment



Dairy systems 

1 to 5:

1 = no 

imported feed

5 = >30% of 

total feed is 

imported

Scale of 

intensification

Relationships between systems intensification and N surplus

DairyNZ ‘Baseline’ project, n = 390 farms, 2015-16 season, DairyBase data +  OVERSEER file for each farm

R2 = 0.37 – 0.56
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From 1990 to 2015, the annual application of nitrogen via fertiliser increased 627% (from 59,000 

tonnes to 429,000 tonnes)

Systems re-alignment: optimising N fertiliser inputs



Systems re-alignment: optimising N fertiliser inputs

0

10

20

30

40

50

60

-50

0

50

100

150

200

250

0 50 100 150 200 250 300 350 400 450 500

N
U

E
 %

 
(g

 N
 i

n
 m

il
k

 p
e

r 
k

g
 N

 f
e
rt

il
is

e
r 

a
p

p
li
e

d
) 

M
S

 r
e

s
p

o
n

s
e

 t
o

 a
d

d
it

io
n

a
l 
N

 
(k

g
 M

S
/h

a
 p

e
r 

y
e

a
r)

N fertiliser applied (kg N/ha per year)

Whole-system milk production responses to increasing N fertiliser 

Source: Clark DA. 1997. Proceedings of the Ruakura Farmers Conference. pp. 92-98.
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LUDF 2009-2017: Productivity

High N input years Lower N input years



Soil N pool

Urinary N excretion
Urine N concentration

Animal requirements
N partitioning

Animal N intake

Reduce

Increase Reduce

Plant N content

Plant N uptake

Forage options

PlantainItalian ryegrass, 

catch crops

Fodder 

beet



Plantain



Plantain reduces urine N concentration

Lysimeter studies show that this 
is crucial in reducing the amount 
of urine N at risk of leaching.

Bryant et al. 2017



How much is required in the diet?
Metabolism stall experiment autumn 2018

% plantain in diet

0 15 30 45 Significance

Total DMI (kg DM/cow/d) 14.8 16.5 16.8 17.4 P < 0.05

N intake (g/cow/day) 553 575 529 525 NS

Milk solids (kg/cow/d) 0.96 1.14 1.16 1.24 P < 0.05

Total N excreted to urine 

(g/cow/day)
270 270 240 200 P < 0.05

• Similar total N intake

• 11% and 26% lower N excretion in urine when plantain = 30% and 45% of diet

• 21-29% increase in milk solids 

Minnee et al unpublished



N partitioning in the animal

• Effect is explained by lower soluble protein fraction in plantain, and higher NSC:N ratio

Minnee, Pinxterhuis & Chapman JNZG 2019



Leaching from autumn applied urine was significantly 
reduced by plantain and Italian ryegrass

Woods et al. 2017



Plan for plantain from here

• N leaching at scale

• Modes of action
• Root exudates
• Proportion of plantain required in pasture/system and how to 

sustain it

• Milk composition and product integrity
• Risk mitigation (market access)
• Possible value-add opportunities

• Drive adoption
• OVERSEER (regulatory tool)
• Co-development programs with farmers, Regional Councils etc.



Catch crops establish and grow at low temperatures, taking up 
water and soil mineral N = reduced risk of nitrate leaching

Malcolm et al. 2019

Urine applied late June
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Catch crops can increase total DM 
production
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Fodder beet is a low-N feed, and reduces N intake and 
urinary N excretion

Waghorn, Dalley et al. 2018 

Some dietary issues need to be 
managed 



Estimated N leaching similar or lower from fodder beet 
than kale (Canterbury, free draining soil)



Summary of options

Mitigation options Economic impact Ease of use

Reduce N fertiliser, time 
better

May need stocking rate adjustment
Requires good pasture monitoring 
– tools are all available

Plantain
May increase yield, needs frequent 
re-establishment

Reduce supplements, swap 
to low-N feed

May require infrastructure

Catch crops
Upfront costs, may increase annual 
DM yield

Success weather-dependent

Early culling Needs to reduce feed eaten

Stand-off pads May require new skills

Dalley et al. 2018 (SIDE)
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~$300 per t home-

grown feed DM 

eaten



Concluding comments
• Heavy focus (2000-2014) on production is slowly abating

– Capital gains are drying up, re-focus on cash flow, input costs rising sharply, debt

• Significant environmental regulation pressures
– Water quality – happening now, will roll out nationally in next 5 years

– Methane emissions – 10% reduction by 2030, 24-47% by 2050 (net carbon zero bill)

• System and forage options can solve nutrient limits equation
– Simple, scale-able, grazed forage solutions that are still very profitable

– Regionally-specific, still uncertainty

– Environmental warrior species e.g. plantain

– No wholesale movement to cropping solutions – opposite in many situations

─ Costs, soil constraints, complexity, causing pasture persistence failure?

• Re-focus on pasture
– We’ve heard this before! Will it stick this time? 

– Increased rates of genetic gain are critical

– Raise efficiency of use of inputs and environmental potential

– Expect further head-winds from climate change



What about 

the pasture?



1990 2014 Difference Balance sheet

Pasture eaten t DM/ha/yr 8.80 11.28 2.48 + 100 kg DM/ha/yr = 1.1%/yr 2.48

N fertiliser kg N/ha/yr 50 200 150 Assume 8 kg DM eaten/kg N 

fertiliser

- 1.2 t DM/ha

Expansion in South Island ha 110,000 660,000 550,000 Irrigation and higher summer 

rainfall

- 0.45 t DM/ha

CO2 concentration ppm 352 395 42 Stimulation of pasture growth 2% 

in 25 yrs

- 0.18 t DM/ha

Sub-total +1.83

Residual
= ~ 26 kg DM/ha/year

0.3% per year
+0.65

t DM/ha in 25 years
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If the residual is all from plant breeding, then it = ~ ½ the estimated rate of 

gain of 50-60 kg DM/ha per year of breeding effort 
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Pasture potential

• Genetic gain

• Environment and management

• Pasture persistence



Realised rates of genetic gain in pasture DM yield

• Forage Value Index predicts 40-60 kg DM/ha per year of 

breeding effort in perennial ryegrass

• Over 30 years = + 1.0 – 1.5 t DM/ha

• 1990-2014 analysis suggests we’re seeing only ½ this, at best

• Re-grassing rates are low (except where pastures fail to persist)



Realised rates of genetic gain in pasture DM yield

Forage Value Index ‘validation’ trial

‘Low’ v ‘high’ FVI ranking cultivars, 5 replicate herds of each, production and profit
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Cumulative stresses and pasture growth trends
Modelled, central Waikato region

Dodd et al. 2018 JNZG



Concluding comments
• Heavy focus (2000-2014) on production is slowly abating

– Capital gains are drying up, re-focus on cash flow, input costs rising sharply, debt

• Significant environmental regulation pressures
– Water quality – happening now, will roll out nationally in next 5 years

– Methane emissions – 10% reduction by 2030, 24-47% by 2050 (net carbon zero bill)

• System and forage options can solve nutrient limits equation
– Simple, scale-able, grazed forage solutions that are still very profitable

– Regionally-specific, still uncertainty

– Environmental warrior species e.g. plantain

– No wholesale movement to cropping solutions – opposite in many situations

─ Costs, soil constraints, complexity, causing pasture persistence failure?

• Re-focus on pasture
– We’ve heard this before! Will it stick this time? 

– Increased rates of genetic gain are critical

– Raise efficiency of use of inputs and environmental potential

– Expect further head-winds from climate change



Mid-term future feedbase?
• Still strongly pasture-based

– Some possible genetic gain game-changers

• Lower N fertiliser inputs

• More clover!

• Species options selected on a broader basis (than just DM and ME)

– Environmental warrior species e.g. plantain

• 0.3 – 0.5 t DM imported feed per cow

• More self-contained (including winter grazing) – cost, biosecurity

• Much more efficient, enabled by technology 

• Regionally variable

– Regional discharge limits for N, P, sediment, e-coli

– Climate change/variability, persistence trade-offs, soil constraints

– Water – likely less, not more, for pastoral use


