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Summary 
This study compares three Northland dairy farm systems: 

1. Baseline Farm – kikuyu/Italian ryegrass pastures, 3.0 cows/ha, up to 190 kg N/ha applied 
2. Alternative Pastures Farm - over 70% of land in tall fescue/cocksfoot/chicory-based 

pastures, 3.0 cows/ha, up to 190 kg N/ha 
3. Low Emissions Farm - designed to reduce greenhouse gas (GHG) emissions, kikuyu/Italian 

ryegrass pastures, 2.1 – 2.3 cows/ha, no N applied.  
 
This study is now completed. Results have varied over the five years of this study. Milk production 
was highest on the Baseline Farm in three of those seasons while the Alternative Pastures Farm had 
the highest milk production in the other two seasons. Drier summers favoured the Baseline Farm 
which has a higher kikuyu presence in the pastures.  

Milk production on the lower stocked Low Emissions Farm where no nitrogen fertiliser was applied 
has been between 20% and 39% lower than the Baseline Farm. The variation in milk production on 
the Low Emissions Farm appears to be related to variance in clover presence. Over the five seasons, 
clover content of the pasture on the Baseline Farm has averaged 9% while the Low Emissions Farm 
has averaged 24%.  

Financial analysis of each farm (using actual milk prices) across the five years of the study shows 
that on average the Baseline and Alternative Pastures Farms have had relativity similar farm 
operating profit. The Low Emissions Farm operating profit has averaged $698/ha lower than the 
Baseline Farm, although it was not the least profitable farm in two of the five years.  

 Milk Solids kg/ha  Milk Solids kg/cow  Farm Operating Profit $/ha 

Baseline Farm 1,245 413 $ 3,373 

Alternative Pastures Farm 1,228 405 $ 3,269 

Low Emissions Farm 917 408 $ 2,675 

 
Emissions reduction targets for the Low Emissions Farm were set in line with government messaging 
at the start of the trial, being 25-30% reduction in methane and 50% reduction in nitrous oxide, 
relative to the Baseline Farm. Averaged across the five seasons, the Low Emissions Farm achieved 
close to these targets when calculated using the Overseer model.  

 Low Emissions Farm vs Baseline Farm Methane Nitrous Oxide GHG/kg MS 

Targeted Reduction 25% 50% - 

Actual Reduction (5 yr average) 26% 46% 13% 



 
 

Emissions intensity (GHG/kg MS) on the Low Emissions Farm was reduced, primarily through a 
reduction in the embedded emissions associated with lower PKE and nitrogen fertiliser while 
maintaining relatively high milk production per cow.  
 
This study has provided results under contrasting climatic conditions. Extended dry summers appear 
to favour kikuyu/Italian ryegrass-based pastures, whereas the Alternative Pastures Farm performed 
well in the normal to wetter summer rainfall seasons. Removing nitrogen fertiliser on the Low 
Emissions Farm quickly resulted in a large increase in clover presence. Between season variation in 
performance of this farm has shown how dependent no-nitrogen systems are on clover presence. 
Reducing stocking rate and withholding nitrogen fertiliser to reduce GHG emissions on the Low 
Emissions Farm has reduced farm profit. Without clear pricing signals the drop in profit is significant 
when achieving these reductions through farm system change alone. 

Background 
Northland farm systems are at the forefront of the effects of a warming climate and demonstrate 
the challenges that other areas of New Zealand will experience over time. Ryegrass persistence is 
relatively poor, rust and pest damage is significant and regression to kikuyu often occurs within two 
to three years after sowing new ryegrass pastures. Kikuyu is productive during summer/autumn, 
however it has poorer nutritive value, is difficult to manage and has low winter/spring growth. 
Farmers are looking for alternative pasture species which may be more persistent and resilient in 
the face of climate change. 
 
Farmers are also being encouraged to lower GHG emissions. Despite an abundance of modelled 
information farmers are uncertain as to whether the strategies to reduce emissions are physically 
or financially sustainable, particularly the lowering of stocking rate on kikuyu pastures.  
 
This farm systems trial, conducted at Northland Agricultural Research Farm near Dargaville, 
compared farm systems which may be used in the future to mitigate and adapt to the effects of a 
warming climate.  
 

Trial Design 
This project ran from 2021/22 through to 2025/26 seasons and compared three farm systems: 
1. Baseline Farm – existing Italian ryegrass/kikuyu pastures. Stocking rate 3.0 cows/ha and up to 

190 kg applied N/ha 

2. Alternative Pastures Farm – 75% of pastures in tall fescue and/or cocksfoot-based pastures, 

with legumes & herbs. Stocking rate 3.0 cows/ha and up to 190 kg applied N/ha 

3. Low Emissions Farm – existing Italian ryegrass/kikuyu pastures. Targeting a 25-30% reduction in 

methane emissions and 50% reduction in nitrous oxide emissions (compared to the Baseline 

Farm). Stocking rate 2.1 – 2.3 cows/ha, no nitrogen fertiliser applied 

 

All farms used imported feed to fill feed deficits (mainly PKE). Trial measures captured pasture and 
milk production and composition, profit, labour input and management difficulty and 
environmental impact.  
 

Introduction of New Pastures 
The Alternative Pastures Farm was set up by sowing 74% of the farm area during 2020 and 2021, 



 
 

into tall fescue, cocksfoot, white and red clovers and chicory. Plantain and Persian clover were also 
added in some paddocks. Between 15 - 20% of these alternative pastures were resown each 
autumn. Pasture introduction was grass to grass in the first two years, however following farmer 
feedback regrassing in the last 3 years was via annual ryegrass (previous autumn) and then a 
summer crop (either chicory or turnips) prior to sowing the tall fescue/cocksfoot based pastures.  
 
The other two farms (Baseline Farm and Low Emissions Farm), and the 26% portion of the 
Alternative Pastures Farm that was not sown in new pasture species, had older pastures with 
approximately 80% kikuyu presence. Kikuyu-based paddocks on all three farms were mulched every 
autumn and under-sown with Italian ryegrass to provide control of kikuyu stolon and boost 
winter/spring pasture growth and quality to complement the summer/autumn active kikuyu.  
 

Pasture Growth & Pasture Covers 
Figure 1 shows the pasture growth differences between these pastures as calculated by weekly 
rising platemeter assessments. Pasture growth on the Baseline farm has generally been higher 
during summer and autumn than the Alternative Pasture Farm. This is due to kikuyu being present 
during autumn on 80% of the Baseline Farm compared to 47% of the Alternative Pastures Farm. 
 
Across the five seasons the Baseline and Alternative Pastures Farms averaged 177 kg nitrogen 
applied/ha. With no nitrogen applied, the Low Emissions Farm had lower pasture growth during 
winter and spring than the other farms, averaging 2.9 t/ha lower than the Baseline Farm. This 
indicates nitrogen response on the Baseline Farm of 16.4 kg DM/kg N applied. This relatively good 
nitrogen response is despite the high clover presence on the Low Emissions Farm (see Figure 2). 
 
Figure 1. Pasture growth rates, average of 5 years (calculated by pre – post grazing platemeter 
assessments). 
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Pasture Composition 
Pasture samples were collected monthly from the next three paddocks to be grazed on each farm 
and analysed for feed quality and species present. Figure 2 shows the presence of clover averaged 
over the five years. The clover was entirely white clover on the Baseline and Low Emissions Farms 
with a small amount of red clover on the Alternative Pastures Farm.  
 
Figure 2. Clover presence in pasture sampling to grazing height (% clover), average of five years.  

 

 
The Low Emissions Farm paddocks had a long history of regular nitrogen applications during 
winter/spring prior to the start of this study. The proportion of clover within the pasture increased 
steadily over the first 5 months of the study until it was 40% of the pasture. Flooding in February 
2023 killed all clover on 90% of all three farms. Clover recovery took 10 months until it was fully 
recovered to pre flood levels. In the seasons when clover content has been high during winter and 
early spring, milk production on the Low Emissions Farm has also been high, relative to the poor 
clover seasons. 
 
Figure 3 shows the average pasture composition of the tall fescue/cocksfoot based pastures on the 
Alternative Pastures Farm. Tall fescue was the most dominant component. Cocksfoot was only sown 
in some drier paddocks, some of which were cocksfoot dominant for the first two years of the study, 
however cocksfoot became very scarce in the latter three seasons likely due to the wetter winters. 
Kikuyu presence was generally very low in paddocks until three years after sowing and widespread 
by the fifth season after sowing.  
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Figure 3. Pasture composition of Tall Fescue/Cocksfoot based pastures, average of five years.  

 

 
 

Supplement Fed & Pasture Eaten 
Farms were managed so that home grown or purchased supplement was only fed when pasture 
residuals fell below target levels (1500-1600 kg DM/ha). There was a limit of 800 kg DM/cow/yr 
(around 15% of total requirements) of purchased feed so that pasture system differences were not 
masked by high supplement use. 
 
Table 1 shows the average amount of supplement fed/annum over the five seasons, the cost of 
those supplements and the calculated feed eaten for each of the farms. The Baseline Farm tended 
to feed more purchased supplement during winter/spring and the Alternative Pastures Farm fed 
more during summer/autumn.  
 
Table 1. Supplement made and purchased, cost of supplement and calculated pasture eaten – 
average of five seasons. 

Farm Supplement 

 
Kg DM/cow 

fed 

Cost of  
Supplement 
(incl Freight) 

Total Cost of 
Supplement 

c/kg DM 

Calculated 
Pasture 
Eaten 

tDM/ha 

Baseline Farm 

Home-made Silage 251 $52.50/bale 19  
PKE 663 $394/t 43 13.3 

Purchased Silage 129 $93/bale 35  
Total 1,043    

Alternative 
Pastures Farm 

Home-made Silage 253 $52/bale 19  
PKE 608 $401/t 43 13.4 

Purchased Silage  148 $93/bale 35  
Total 1,009    

Low Emissions 

Farm 

Home-made Silage 

PKE 

Purchased Silage 

Total 

391 

289 

14 

694 

$52/bale 

$401/t 

$93/bale 

19 

43 

35 

 

10.8 

 

Kikuyu Perennial 
Rye

Poa

Other Grass

White 
Clover

Weed

Italian Rye

Cocksfoot

Fescue

Red Clover
Plantain

Chicory



 
 

With a lower stocking rate, the Low Emissions Farm had lower demand for purchased supplement. 
Most of the supplement fed was during winter/early spring due to the impact of no nitrogen 
applications leading to low pasture growth rates. 

 
Milk Production 
Milk production is shown in tables 2 and 3. The Baseline Farm had the highest average milk 
production over the 5 years, though the Alternative Pastures Farm had the highest milk production 
for two of those years. Climatic conditions drove this variance through lower pasture growth and 
covers on the Alternative Pastures Farm during dry summer/autumn periods resulting in cows 
drying off earlier, whereas kikuyu growth during autumn supported longer lactations on the 
Baseline Farm. 
 
On average, milk production on the Low Emissions Farm was 328 kg MS/ha lower than the Baseline 
Farm. Milk production was especially low during the 2021/22 and 2023/24 seasons when clover 
levels in the pasture were low during winter/spring. The other three seasons had significantly higher 
clover levels, at times >50% of pasture, which appears to have supported milk production.  
 
Table 2. Seasonal Milk Production (kg MS/ha). 

Farm 2021/22 2022/23 2023/24 2024/25 2025/26 
5 Year 

Average 

Baseline Farm 1,284 1,204 1,112 1,289 1,356 1,245 

Alternative Pastures Farm 1,213 1,269 1,178 1,188 1,307 1,228 

Low Emissions Farm 794 910 790 1,002 1,083 917 

 

Averaged over the 5 seasons, milk production per cow was fairly similar across all farms. 

Table 3. Seasonal Milk Production (kg MS/cow). 

Farm 2021/22 2022/23 2023/24 2024/25 2025/26 
5 Year 

Average 

Baseline Farm 409 392 375 430 458 413 

Alternative Pastures Farm 397 406 386 393 443 405 

Low Emissions Farm 370 399 355 450 464 408 

 

Figures 4 and 5 show the seasonality of milk production. These show the lower average production 

of the Alternative Pastures Farm during autumn due to lower pasture supply and earlier dry-off in 

some seasons.  

The Low Emissions Farm showed lower milk production per cow during spring than the other 

farms, though this only occurred in the two seasons where clover levels were low in the pasture 

during this period. 

  



 
 

Figure 4. Milk Production – kg MS/ha/day, average of 5 years. 

 
 
Figure 5. Milk Production – kg MS/cow/day, average of 5 years. 

 
 

Mating Results 
Table 4 shows the mating results averaged over the first four seasons. There was no consistent 

difference between farms.  

Table 4. Six week in-calf and empty rates, average of 4 years. 

 Farm 6 week in-calf rate Empty rate 

Baseline Farm 78% 12% 

Alternative Pastures Farm 79% 8% 

Low Emissions Farm 77% 7% 
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Greenhouse Gas Emissions 
Greenhouse gas emissions were calculated using the Overseer model and are shown in Table 5.  
 
Emissions have been relatively similar between the Baseline and Alternative Pastures Farms, due to 
similar stocking rate, milk production, PKE and N inputs. The Low Emissions Farm averaged 26% less 
methane and 46% less nitrous oxide for the five years of the trial. The higher milk production on the 
Low Emissions Farm during the 2025/26 season led to lower reductions in methane and N2O 
compared to the previous four years. The methane levels fluctuate somewhat in line with milk 
production and stocking rate, as methane is closely related to feed eaten. 
 
Table 5. Calculated GHG Emissions using Overseer Model, average of five seasons and 2025/26. 

Farm  

5 yr avg 
Methane 
(CO2 eq) 

t/ha 

 2025/26 
Methane 
(CO2 eq) 

t/ha 

5 yr avg 
Nitrous Oxide 

(CO2 eq) 
t/ha 

2025/26 
Nitrous Oxide 

(CO2 eq) 
t/ha 

Baseline Farm 8.5 8.8 2.0 2.0 

Alternative Pastures Farm 8.7 9.0 2.0 2.1 

Low Emissions Farm 
Compared to Baseline Farm 

6.3 
26% reduction 

7.1 
20% reduction 

1.1 
46% reduction 

 1.2 
41% reduction 

 
The Low Emissions farm has consistently produced milk with lower emissions intensity, primarily 
due to three key factors – low emissions associated with less PKE, no N fertiliser and good milk 
production per kg liveweight which dilutes maintenance feed methane across more kg MS.  
 
Table 6. Calculated GHG Emissions Intensity (Overseer Model), average of five seasons and 2025/26. 

Farm  

5 yr avg 
(CO2 eq) 

Kg/kg MS 

 2025/26 
(CO2 eq) 

Kg/kg MS 

Baseline Farm 10.4 9.8 

Low Emissions Farm 
Compared to Baseline Farm 

9.0 
13% reduction 

8.5 
13% reduction 

 
 

Financial Analysis  
Five-year average income, expenses and operating profit for the three farms is summarised in Table 

7. Fonterra dividend income is excluded from this financial analysis. Milk price over the 5 years of 

the study averaged $9.04/kg MS. Expenses are based on actual farm expenses with some 

adjustments for labour and administration to compensate for extraordinary expenses involved in 

running the research trial. Records of additional labour and tractor time for each farm have been 

used to allocate the vehicle, R&M, and depreciation expenses.  

 

The Baseline and Alternative Pastures Farms have shown similar farm operating profit when 

averaged across the five years. The individual year operating profit shows the variation between 

seasons, mainly due to climatic conditions or milk price suiting one farm over another.  

 



 
 

Averaged over the 5 years, the Low Emissions Farm operating profit was $698/ha lower than the 

Baseline Farm. However, in two years this farm was not the least profitable which shows that this 

system can be somewhat competitive under certain conditions.  

 

Table 7. Financial Results - income, expenses, and operating profit for the three farms ($/ha). 

Financial Summary  
5 Year Average Baseline Farm 

Alternative 
Pastures Farm 

Low Emissions 
Farm 

Income $/ha $/ha $/ha 

Income from milk ($9.04/kg MS) $11,325 $11,116 $8,357 
Other income (excl Fonterra Dividend) $808 $804 $652 

Total Income/ha $12,132 $11,920 $9,009 

Expenses    
Farm Working Expenses $8,179 $8,117 $5,837 
Depreciation $580 $534 $498 

Total Operating Expenses/ha $8,759 $8,651 $6,334 

Farm Working Expenses $/kg MS $6.61 $6.61 $6.32 

Operating Profit (at $9.04/kg MS) $3,373 $3,269 $2,675 
 

Individual Seasons Operating Profit/ha 

2021/22 Operating Profit @ $9.30/kg MS $4,952 $4,699 $2,974 

2022/23 Operating Profit @ $8.22/kg MS $1,906 $2,669 $2,234 

2023/24 Operating Profit @ $7.83/kg MS $204 $494 -$439 

2024/25 Operating Profit @ $10.16/kg MS $5,183 $4,261 $4,515 

2025/26 Operating Profit @ $9.70/kg MS $4,618 $4,223 $4,091 

 
Discussion 

Over the five seasons of this trial there have been two relatively dry summers and three relatively 
wet summers. The wet summers have generally benefited the tall fescue and cocksfoot pastures on 
the Alternative Pastures Farm, whereas the dry summers have favoured the Baseline Farm with 
kikuyu pastures. It should be noted that all kikuyu pastures are intensively managed with mulching 
and under-sowing of Italian ryegrass each autumn, making the Baseline Farm a relatively high 
performing system.  

The removal of nitrogen fertiliser from the Low Emissions Farm has resulted in a consistent overall 
reduction in pasture growth during winter and spring compared with the Baseline Farm, averaging 
2.9 t DM/ha/annum less pasture grown. 

All paddocks on all farms had a long history of nitrogen applications prior to this study. Clover levels 
on the Low Emissions Farm increased rapidly when nitrogen applications ceased at the start of this 
study. However, this did not fully compensate for the lack of nitrogen applied. Calculations indicate 
an average total farm system response of 16.4 kg DM/kg N applied on the Baseline Farm over the 
five years.  

Averaging data over the five years of this project, the Low Emissions Farm showed 328 kg MS/ha 
lower milk production and $698/ha lower operating profit than the Baseline Farm. Variation 
between seasons shows how dependent the Low Emissions Farm is on clover presence to reduce 
the impacts of removing nitrogen applications. The average milk price over the five years of the 



 
 

study was $9.04/kg MS. The milk price would need to be < $7.00/kg MS with current input costs for 
the Low Emissions Farm to be as profitable as the Baseline Farm.  

This project expected to reduce methane emissions by 25-30% and nitrous oxide emissions by 50% 
on the Low Emissions Farm compared to the Baseline Farm. The actual (modelled) reduction has 
generally been in line with these targets, reflecting the reduction in stocking rate and milk 
production. The consistent improvement in emissions intensity indicates the potential for lower 
input systems like the Low Emissions Farm to be more efficient from a GHG emissions perspective, 
as long as milk production per cow is maintained.  

 


