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Agricultural Science 

• Background science – NTW

• Dryland case study – lucerne

• Hill country – annual clovers

• High country – lupins and Caucasian clover

• Irrigated dairy pastures – Canterbury’s future?

• Reflections of 20 years of applied research



Predicted climate 
change in New 

Zealand by 2040

MPI-NIWA-Drought-in-a-Changing-Climate%20.pdf
http://www.mpi.govt.nz/document-vault/133

New Zealand Median 
Drought Change between

1980-1999 and 2030-49

An increase of 10% corresponds 
to 25 more days in drought per 
year, on average.
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Global N fertiliser use

Global population (billions; 1961-2014)
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This graph contains data sourced from FAOStat (global population) and IFAData (International Fertilizer Association; Total N consumption)
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Nitrogen applied in NZ

NZ Fertiliser Association, 2017
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CO2 emissions generated in the 
production of N fertiliser

Based on Saunders et al., 2006 & Wells 2001 assuming all N consumed  in NZ was manufactured using natural gas (including imported N  fert)
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Dryland

Growth rates (2 year means)

Mills et al. 2006, 2009
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Good quality 
lucerne

Mostly clover 
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Nitrogen fixation
25-30 kg N/t DM
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Dryland pastures
• Soil water recharge most springs

• Low N fertilizer use

• High spring feed demand – breeding systems

• Adaptable to climate variability – future scenarios

• Sustainable – financially, socially, environmentally

• Limited cultivation possible

“Sustainability has become regenerative”



Case study – Bonavaree farm, Marlborough
Over grazed – high erosion risk
Financially – no return
Dryland lucerne conversion



Spring WUE 

28 kg DM/ha/mm

20 kg DM/ha/mmGrass only

13 kg DM/ha/mm

Lucerne
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Relationship between LWt
production and feed consumed

T Ryan-Salter unpublished

Feed consumed (kg DM/ha)
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2002 2012            Change
Land area  (ha) 1100 1800 64%

Sheep numbers 3724 4158 12%

Lambing (%) 117 145 24%

Lamb weights (kg)          13.3 19 43%

Lamb sold (kg) 38324 74460 94%

Wool (kg) 18317 20869 14%

Sheep:cattle 70:30 50:50

Gross trading profit (ha) $317 $792 149%

‘Bonavaree’ production change over 
10 years

Moot & Avery 2013





Landscape farming – Bog Roy Station
Ph

ot
o:

 D
J M

oo
t

Li
nc

ol
n 

U
ni

ve
rs

ity





150,000 ha sown - lucerne seed from 20 to 200 t/yr

“35% Rate of return on investment”
850 people on txt alerts

Defined system after 15 years
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Ashley Dene 
9 Jan 2015

Required lamb growth = 
5 to 35 kg 

in ~100 days
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Lambs at foot - Spring
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Uncultivated – grazing only – no seed….
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Tempello, Marlborough
26/2/2016



.

Reap the benefits in the following years. You 
probably only need to repeat this every 10-15 
years or so.
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In poor price year with $4.40/kg CW and $1.80/kg store ... 
$40,000 ahead if lambs 7 kg heavier at weaning.

Tonnes meat from 60 to 76 tonnes despite fewer ewes.

Over 560 ha Tempello Corrie area
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N deficient North Island Hill Country!

Photo: DJ Moot
Lincoln University

April 2017
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Sub4Spring
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Direct drilled during the drought autumn 2017
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High Country Pastures



3 cm of organic matter – not soil Carbon 
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Autumn herbicide and burn
Browntop – Agrostis capillaris – stolons and rhizomes 

Photo: DJ Moot
Lincoln University



No Lime - Lucerne
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Photo: D Hendrie
Lincoln University



Paddocks of lupin

• Sown December 2013
• After 1 year of ryecorn
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Seedlings @ 6 weeks after sowing
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Caucasian clover and cocksfoot included in the seed mix
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4 months after sowing
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Lambs to lupins: 31 Oct 2014
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Relationship between LWt production 
and feed consumed

T Ryan-Salter unpublished
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Photo: Derrick Moot
Lincoln University

9/3/2017

Peri urban environment



Photo: Derrick Moot
Lincoln University

9/3/2017



Photo: Derrick Moot
Lincoln University

Californian thistle



Photo: Derrick Moot
Lincoln University



Photo: Derrick Moot
Lincoln University



Photo: Derrick Moot
Lincoln University



Photo: Derrick Moot
Lincoln University

17/3/2017



Photo: Derrick Moot
Lincoln University



30th August 2017
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Photo: Derrick Moot
Lincoln University

9 March 2017



Gorse seedlings
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Photo: Derrick Moot
Lincoln University

17 Mar 2017
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Water and nitrogen = ryegrass
(230,000 ha irrigated dairy)
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Dryland lessons for Canterbury dairy ?



Current Canterbury Dairy Pastures

• Ryegrass based

• Stony shallow soils

• Urine into ground water

• CPW consented 200 kg N/ha

• Stocking rates 3.5 cows/ha



Deer 

Moot et al. 2010: Department of Statistics

Deer & cattle numbers in Canterbury
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Source: Ken Taylor ECan

>465 000 ha of 
“light land”

Unconfined
Confined
Soils <0.45 m

Nearly every dairy farm in the Selwyn 
district would need to be shut down for a 
polluted lake to meet national water quality 
standards, Ecan has told the Government.



6.9 mg/L

Nitrate + Nitrite measured at Harts 
Creek, Canterbury
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National bottom line for nitrate toxicity in streams 



Dryland
Just add water

Growth rates (2 year means)

Mills et al. 2006, 2009
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21.9 t/ha
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y = 3.3 kg DM/ha/oCd

I –N

9.8 t/ha

Thermal time (°Cd)
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The Nitrogen gap

Mills et al. 2006; 2009



Nitrogen dilution curve

Pasture yield (t DM/ha)
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Canterbury dairy karge herd
oct 2009

Fenced water ways, large herds – N deficient pastures
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Cumulative drainage (mm)
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Nitrogen nutrition index
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Nitrogen deficient pasture

1000 kg N/ha



Urea use in Canterbury

This work is based on/includes Stats NZ’s data which are licensed by Stats NZ for re-use under the Creative Commons Attribution 4.0 International licence.
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White Clover

N fertiliser applied (kg/ha)
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(R2 = 0.98)

Contributions from BNF



Future dairy pastures 

• Farm environment plans 

• Levy on irrigation water used

• Mandatory soil water budget for irrigation events

• Levy on nitrogen fertilizer – ETS 

• Levy on methane emissions – ETS 

• CPW (200 kg N/ha)

• Divergent systems – low (<3.0 cows) vs high (4+ cows)/ha
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Tall fescue, red and white clovers 29 August 2017
“keeps growing under water restrictions”

System 1 – high legume low SR pasture fed cows



Irrigated red clover
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October 2016           “once on lucerne - 2000 litres extra milk overnight” 

Dryland dairy grazing lucerne
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Changed irrigation management



Mandatory catch-crop?
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Nutrients carried on and off farm = US indoor systems

System 2 = Higher SR, heavier cows



Cereals – total mixed ration
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System 2 – High SR – housing or partial housing
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Requirement = Overseer for lucerne





Reflections



Changes over 20 years in research

• Industry leaders on the wrong side of science debates
• Scientists silenced by CRI reforms
• Minimal funding for ‘public good’ applied research
• Market failure for sheep and beef farmers
• Land prices inflated by overseas investment
• Biotechnology – yet to deliver in the field

• Vibrant, dynamic, positive industry to work in

Farmers no longer trusted as guardians of our land



AgR lead author NZGA publications 
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Biotron photo of ryegrass 

Photo: Pastoral Genomics

Daliya Cyriac 2017



Farmers take challenge head-on in 
assessment of threat of synthetic meat
TIM CRONSHAW
Last updated 10:31, July 7 
2017

Bill Gates and Richard Branson Back 
Startup That Grows 'Clean Meat'

Bloomberg 23/08/2017

Lab-grown food: 'the goal is 
to remove the animal from 

meat production'

UC Berkeley Opens New 
Plant-Based Meat Lab

Experimental protein reactors produce 
basic food from carbon dioxide and 

electricity

Synthetic proteins a threat to 
traditional farming

Disrupted technology could usher in artificial 
milk and beef

Clara Foods making animal-
free egg whites

Playing chicken: Turning 
pea protein into fake fowl

Scientists use stem cells to grow 
animal-free pork in a lab

The Future Will Be Full 
Of Lab-Grown Meat

Lab grown meat prices have dropped 
30,000 times in less than four years and 
are about 3-4 times more expensive than 

regular ground beef

https://www.bloomberg.com/news/articles/2017-08-23/cargill-bill-gates-bet-on-startup-making-meat-without-slaughter


Excellent agricultural science only 
happens in the field

Conclusions

• Nitrogen feeds and pollutes the world
• Biology cannot be fooled
• Regenerative legume systems exist!
• Application to other farm systems 
• Agricultural science capacity is diminished
• Regulation – more is coming
• Clean/synthetic proteins = opportunity/the end or Ag
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