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Understanding the quality of our groundwater 

Project code X15-08 

Duration Year 4 of 4 (completed 2019) 

Author  Abie Horrocks (FAR) 

Location Canterbury 

Funding MPI Sustainable Farming Fund 

Acknowledgements Sophie Blair, Sarah Whiteman, Liam Smith, Ashley Harrison (FAR graduate 
students), Silver Fern Farms, David Ward (chair of project team), Ashburton 
Groundwater Users and Environment Canterbury (ECan) 

Key points 
• Seasonal monitoring of nitrate nitrogen (nitrate-N) in 51 wells between the Ashburton and 

Rakaia rivers (east of SH1) found the majority of wells were below acceptable limits of 11.3 
mg/L during the sampling period (2016-2019).  

• Nitrate-N increased down the catchment in the direction of the foothills to the sea with 
averages of 5.5 mg/L nitrate-N in wells 11-21 km from the coast and 7.4 mg/L nitrate-N in 
wells 0-10 km from the coast 

• The project enabled farmers to develop a better understanding of the high and low risk 
zones in the area.  

• It is anticipated that the participatory approach (involving researchers, farmers and regional 
councils) will assist farmers to engage with regulatory bodies in constructive dialogue to 
develop outcomes that meet the environmental, economic and social needs of farmers and 
the community. 

Background 
The maximum acceptable value (MAV) or permissible concentration of nitrate-N in drinking water is 
11.3 mg/L in New Zealand. This is consistent with World Health Organisation guidelines. 
Groundwater nitrate-N in Canterbury, New Zealand, has been gradually increasing (Moreau et al. 
2016). The Ashburton East Groundwater Users Group (made up of local farmers and businesses) 
carried out a project (2016 to 2019), to measure nitrate-N in wells between the Ashburton and 
Rakaia rivers (east of South Highway 1). The project was initiated by farmers wanting to engage with 
the process of understanding trends in water quality in their region and the variation in nitrate-N 
levels seasonally, sub-regionally, by depth and over time.  

The study area is primarily farmland built on gravelly alluvial plains overlaying tertiary sediments of 
braided river deposits and greywacke. Since the early 1990’s, farming has intensified in part due to 
increased irrigation development but also as the versatility of land use became more recognized. 
Today, this district makes a significant contribution to the Ashburton district economy. 

Method 
Seasonal sampling of 51 wells in the study area was carried out after wells had been randomly 
selected and farmers had agreed to be a part of the study. The aim of the project was to collect new 
data through quarterly monitoring of these wells to fill gaps in historical data and to track nitrate-N in 
the area. Fourteen sampling rounds took place between March, 2016, and March ,2019 (in March, 
June, August and November). The sampling was carried out by graduate students at FAR, working 
closely with hydrologists to ensure protocols and procedures were consistent. 

Results and Discussion 
Figure 1 shows average nitrate-N for the 10 highest, 10 lowest and the area median across fourteen 
sampling events (March 2016-March 2019) for the 51 wells. In this project, the average nitrate-N 
concentration of the well water over the time monitored was 6.9 mg/L. This average is below the 



maximum permissible concentration of nitrate-N in drinking water. However, if nitrate-N 
concentrations reach half MAV (5.6 mg/L nitrate-N) in a community water supply, the Ministry for 
Health advocates increased monitoring and preventive measures (Haward and Hanson 2004).  

The eleven ECan wells that were monitored in this region over the duration of the study had average 
nitrate-N of 13.45 mg/L. The ECan wells monitored in the area over the duration of the study are 
likely higher as they target wells near the water table where nitrate is expected to be first detected. 
The ECan monitored wells (where average depth = 48 m) provide an indication of long-term trends in 
nitrate in the East Ashburton area. The FAR data set (where average depth = 68 m) has improved the 
understanding of the geographic spread. 
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Figure 1. Average nitrate nitrogen levels for the 10 highest, 10 lowest and the East Ashburton 
sampling median across fourteen sampling events (March 2016-March 2019) for 51 wells. 

Depending on soil type and groundwater depth, nitrate-N can take years or decades (it can even take 
centuries to reflect past land use fully) to reach the water accessed.  However, usually the closer the 
proximity to surface the greater the susceptibility to contamination (Moreau et al, 2016).  

These data show that although incrementally there is no significant effect of well depth on nitrate-N 
(p=0.06) (which may be attributable to there being few deep wells in the region and the 
consequential unbalanced number of wells in each depth category (Table 1)), wells in the 31-60 m 
and 61-90 m are significantly higher than all other depth increments (p<0.001). 

Deeper groundwater (greater than 100 m) generally has lower nitrate-N concentrations than surface 
waters, but can be impacted by human activities. There were two such deep wells out of fourteen in 
the study region where nitrate-N concentrations at some point during the sampling period were 
above MAV. Of these fourteen wells, only three were considered consistently above MAV (i.e. over 
50 % of the sampling dates). These data did not demonstrate detectable seasonal differences in 
nitrate-N concentrations (Table 2). Factors affecting nitrate-N in wells over time include the 
movement and depth of groundwater, dilution effects, how ground water and surface water interact, 
historic nitrate loads, denitrification potential, septic tanks and nutrient management across the 
catchment.  

  



Table 1. The number of sampled wells within the depth range categories and their average nitrate 
nitrogen levels between 2016 and 2019. 

Depth (m) Average nitrate-N (mg/L) Number of wells 
0-30 5.36 7 
31-60 7.53 18 
61-90 7.46 13 
91-120 4.90 7 
121-150 5.59 4 
151+ 4.44 2 
LSD (p=0.05) 1.237  

 

Table 2. Seasonal nitrate nitrogen averages for 2016-2019.  

Average nitrate-N (mg/L) March June August November 
2016 6.0 6.0 6.3 6.0 
2017 6.0 6.4 7.6 7.0 
2018 6.7 7.3 7.4 7.0 
2019 6.8 6.8   

A study of land surface recharge and groundwater dynamics in the Rakaia and Ashburton plains 
found a pattern of higher piezometric head nearer the rivers and decreasing piezometric head 
toward the centre of the Rakaia-Ashburton Plains. The increasing piezometric head around the rivers 
reflects significant local river recharge sources compared with land surface recharge (Thorley et al. 
2010). This can be seen in the schematic of the range of average nitrate-N across the Ashburton 
catchment between 2016 and 2019 which illustrates the areas adjacent to the rivers are lower-risk 
due to the river recharge (Figure 2). Areas away from the main rivers have a greater proportion of 
land surface recharge and nitrate-N concentrations. Recharge of aquifers further from the rivers and 
coast is achieved through a combination of rainfall, irrigation, snow melt and infiltration from rivers.  

 
Figure 2. Schematic of the range of average nitrate levels across the Ashburton catchment between 
2016 and 2019. 



Piezometric contours running between the two rivers illustrate that water movement is from the 
foothills to the coast, with groundwater levels becoming shallower approaching the coast (Haward 
and Hanson 2004, Figure 3). As a consequence of groundwater levels becoming shallower towards 
the coast and nitrate-N concentrations accumulating down the catchment, measured Nitrate-N 
concentrations increased closer to the coast (Figure 2 and 4). This highlights that targeting mitigation 
strategies where the nitrate-N is greatest (i.e. at the coast) would be short-sighted as management 
across the whole catchment needs to be considered (as higher nitrate-N at the coast reflects N use in 
the whole catchment).  

  
Figure 3. Depth to groundwater contours indicating water table depths (left graph) and groundwater 
age and recharge sources with arrows showing general direction of groundwater flow. 

 
Figure 4. Average nitrate nitrogen across fourteen sampling events (March 2016 - November 2018) 
for the 51 wells categorised by location (east (coast) or west (SH1)). Error bar represents the LSD 
(p=0.05) for cumulative location and time of sampling. 
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Summary 
The information collected in this project will enable farmers to develop a better understanding of the 
high and low risk zones in the area. The results highlight that targeting mitigation strategies where 
the nitrate-N is greater (i.e. at the coast) would be short-sighted as management across the whole 
catchment needs to be considered. Higher nitrate-N at the coast reflects N use in the whole 
catchment as groundwater moves towards the sea. 

It is anticipated that the participatory approach involving researchers and farmers will enable 
farmers to engage with regulatory bodies in constructive dialogue to develop outcomes that meet 
the environmental, economic and social needs of farmers and the community. 

References 
Moreau, M, Aurisch, K, and Riedi, M A (2016). Update of National Groundwater Quality Indicators: 
State and Trends 2005-2014. GNS Science Consultancy Report 2015/107. 
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Rakaia-Ashburton Plains; Environment Canterbury technical report U09/55, 61 p. 

Haward. S A, and Hanson, C R (2004). Nitrate contamination of groundwater in the Ashburton-Rakaia 
plains. Environment Canterbury technical report R04/9, 45 p. 

 



On-farm biosecurity 

Project code                     X17-06 

Duration                           Year 3 of 3 

Author                               Abie Horrocks (FAR)  

Location                            National 

Funding                             MPI Sustainable Farming Fund 

Acknowledgements Federated Farmers, AgInnovate NZ, Matt McEvedy, Hamish Marr, James Carr 
and Tim Cookson 

Key points 
• A biosecurity risk register identifies risks on-farm and outlines farm protocols to minimise 

introducing and spreading unwanted plant pests (weeds, diseases and invertebrates) within a 
farm, between farms and further afield. 

• Developing a biosecurity risk register can help with the implementation of on-farm good 
management biosecurity practices and enable early detection of incursions which can reduce 
on-farm costs.  

• Few cropping farmers have documented farm biosecurity plans. Supporting farmers to 
improve on-farm biosecurity will require a multitude of approaches as one size will not fit all. 

Background 
In recent years, FAR has worked with MPI on incursion responses for velvetleaf, pea weevil, black 
grass and red clover case bearer. The Government has laws and minimum regulatory requirements 
around biosecurity and traceability, and currently the Biosecurity Act 1993 is being overhauled. This 
is because of increasing pressures on biosecurity as a result of factors such as greater volumes of 
goods entering New Zealand from a diversity of places of origin and an increasing concern that the 
current act is no longer fit for purpose.  

Although industry promotes good farm biosecurity practices, and product assurance schemes impose 
specific requirements for some sectors, marketers predict NZ export markets will require even higher 
levels of biosecurity verification.  It is highly likely that there will be a Biosecurity module in future 
Integrated Farm Plans.  

The main aim of the ‘Biosecurity – the farm border’ project was to raise biosecurity awareness and 
provide support for farmers to manage what can be controlled at the farm-scale level. The level of 
risk assessment, planning, preparedness and procedures will vary between farms. In the cropping 
industry, effective biosecurity will often rely on the ability of individual farms to detect and respond 
to biosecurity threats in a timely way. However, few cropping farms have documented farm 
biosecurity plans and this means that there is a high risk that incursions will not only occur on farms, 
but will remain undetected and unmanaged until it is very difficult or costly to contain or eradicate 
the problem. 

An on-farm biosecurity plan identifies unique risks relevant to specific arable farming enterprises and 
outlines their management. This is done primarily through improving or adopting best practice 
associated with hygiene and movement of people (staff and visitors), livestock, vehicles and 
machinery.  

  



Results and Discussion 
An Arable Biosecurity Risk Register is now on the FAR website (www.far.org.nz). It is split into six 
sections addressing the following areas of risk: 

1. Visitors bring biosecurity risks on-farm (i.e. weed seeds, pathogens, pests) (Figure 1). 
2. Machinery brings or takes biosecurity risks on or off-farm (i.e. weed seeds, pathogens, pests). 
3. Animals coming on and off-farm transport biosecurity risks (i.e. weed seeds, pathogens, 

pests). 
4. Seed and plant material bring biosecurity risks on-farm (i.e. weed seeds, pathogens, pests). 
5. Not identifying biosecurity incursions in time to contain them. 
6. Unwillingness to openly share information between neighbours resulting in the avoidable 

spread 
7. of unwanted weed seeds, pathogens, pests. 

Once a farmer has identified the biosecurity risks associated with their farm an important part of 
implementing good management practices will be to make sure the biosecurity plan is brought to the 
attention of all visitors and contractors. How this is done will depend on the farmer, but two options 
are to use an app with biosecurity capability such as OnSide or print a hardcopy of the risk register. 
For example, if a farmer identifies the spread of herbicide resistant weeds on to their farm as a 
biosecurity risk, the next step is to identify how and when the weeds are most likely to arrive on farm 
and what can be done to reduce the risk of that happening. Most weeds, resistant or otherwise, 
arrive on vehicles. The farmer may implement ways to reduce on-farm traffic (i.e. driving visitors 
around the farm in their own vehicle or restricting visitor access to designated laneways). 
Contractors may need to produce a log of what properties they have recently been to and show 
proof of clean down prior to coming on farm.   

In addition to developing the risk register, a detailed module template with induction sheets for farm 
staff, contractors and visitors has been developed. There are 6 sections to this document:  

• Farm Biosecurity Response Plan (Figure 1) 
• Farm Biosecurity Plan  
• Biosecurity inspection recording sheet  
• Biosecurity Orientation – Employees  
• Biosecurity Induction Sheet – i.e. for visitors and contractors  
• Farm Biosecurity Plan - Risk Assessment  

Summary 
Having a Farm Biosecurity Risk Register and Plan could prevent herbicide resistant weeds spreading 
from a neighbouring property, or prevent or delay the incursion of a pest or disease to a farm. While 
an on-farm biosecurity risk register will not prevent future incursions, more effective farm 
biosecurity plans will markedly reduce the extent and the cost of incursions.  

A key finding that became apparent working with case study farmers in the development of 
biosecurity protocols and risk registers, was how many different types of visitors a farm needs to 
manage. Engagement with contractors has been identified as an important area that requires more 
attention. An important starting place is to change the culture of what is accepted as business-as-
usual for cleanliness of machinery contractors bring on farm. 

Supporting farmers to get on board with better on-farm biosecurity needs to be approached from a 
multitude of angles as one size will not fit all. This project has enabled the development of valuable 
resources that will become increasingly relevant.  

 

 

 



Figure 1. FAR Farm Biosecurity Response plan. 

 



The effect of medium to long-term irrigation on soil water holding properties  

Project code X17-35 

Duration Year 3 of 3 

Author Abie Horrocks (FAR) (Summary of a report by V. Penny, S. Carrick, B. Robertson, A. 
Eger) 

Location Canterbury 

Funding MPI Sustainable Farming Fund 

Acknowledgements Manaaki Whenua and Federated Farmers of New Zealand Inc.  

Key points 
• Soil available water capacity (AWC) was significantly higher in the top 30 cm under irrigation 

than under dryland for stony and stone-free pastoral soils. 
• Compaction under irrigation offset increased AWC benefits as it resulted in a decrease in the 

volume of large pores responsible for drainage and soil aeration. 
• Compaction also increased the volume of smaller pores within the AWC. The smaller pores 

within the AWC store water below stress point and are the less accessible pores for plants to 
extract water from.  

• The trial has reiterated the importance of optimising scheduling of irrigation and grazing, so 
that treading does not occur when the soil is too wet.  

Background 
Farmers are becoming increasingly interested in how soils change under irrigation, as a result of their 
on-farm observations and experiences. An MPI SFF project led by Federated Farmers aimed to 
measure soil water holding properties under paired irrigated and dryland pasture sites, across a 
range of soil types and irrigation durations in the Canterbury region.  

Methods 
Forty-eight paired sites were sampled across Canterbury. Each paired site consisted of a paddock 
that was part irrigated and part dryland. Sites were selected to include a range of soil types, irrigation 
durations and stock types. Half the sites were stony soils and half were deep, stone-free soils. All 
sites were under pasture. Pits were dug in both the irrigated and dry areas within the same paddock, 
to allow a direct comparison of their soil properties. Soils were sampled in 10 cm increments down to 
60 cm depth. 

Results and Discussion 
An overall increase in soil available water capacity (AWC) in the top 30 cm was observed under 
irrigation compared to dryland under the same land-use history (p< 0.01). However, not all pores 
that made up the AWC were equal (Figure 1). Within the total soil AWC there was a significant 
decrease in the volume of large soil water storage pores (readily available water capacity) (p< 0.001), 
while the volume of semi-available water (water held between stress point and wilting point) 
increased under irrigation. The volume of very small pores that are unavailable for plant water 
extraction also increased under irrigation (p< 0.001).  

 

 

 

 



 
Figure 1. Average difference between water holding properties of dry and irrigated (Irr) soils, in 10 
cm depth increments of the topsoil. Soil water availability is mm of water available per 30 cm depth. 

= increase under irrigation.  = decrease under irrigation. Statistical significance of change under 
irrigation is indicated by * at P < 0.05, ** at P < 0.01, *** at P < 0.001. No asterix implies no 
significant change.  

This study shows that compaction (that can be a consequence of grazing systems with high stocking 
rates on irrigated pasture) can partially offset benefits of greater AWC by reducing the proportion of 
larger pores while increasing the number of smaller pores (from which it is harder for plants to 
extract water). 

Downloadable fact sheets about ‘soil attributes important for irrigation’, ‘why is it important to know 
the infiltration rate of soil’ and ‘which tools to use when’ (Table 1) can be found on Manaaki 
Whenua’s Soils Portal: https://soils.landcareresearch.co.nz/soils-at-manaaki-whenua/our-
projects/the-effect-of-medium-to-long-term-irrigation-on-soil-water-holding-properties/ 

Table 1. Which tools to use when? 

 
Summary 
The overall increase in available water capacity under irrigation is beneficial for farmers in terms of 
meeting regulatory requirements regarding nutrient loss, because of the increased ability to reduce 
drainage. However, the decrease in readily available water capacity has practical on-farm 
implications, as this is the soil water zone that farmers work within for irrigation management. Less 
readily available water capacity means farmers are having to irrigate more frequently.  

The next challenge for farmers and scientists is to work together to optimise farm management 
practices to reduce compaction under irrigation. 

https://soils.landcareresearch.co.nz/assets/Uploads/Factsheet-Infiltrometer-INZ-handout.pdf
https://soils.landcareresearch.co.nz/assets/Uploads/Factsheet-Infiltrometer-INZ-handout.pdf
https://soils.landcareresearch.co.nz/soils-at-manaaki-whenua/our-projects/the-effect-of-medium-to-long-term-irrigation-on-soil-water-holding-properties/
https://soils.landcareresearch.co.nz/soils-at-manaaki-whenua/our-projects/the-effect-of-medium-to-long-term-irrigation-on-soil-water-holding-properties/


Mini Visual Soil Assessment 

Project code X18-01, M18-04  

Duration Year 1 of 1 

Author  Abie Horrocks (FAR)  

Location  Canterbury, Waikato 

Funding  FAR 

Acknowledgements Emily McKay, Tanya O’Neill (Waikato University) 

Key points 
• Maintaining soil quality supports soil productivity and crop profitability. It is becoming 

increasingly important for farmers to be able to demonstrate good management practices. 
• A simple soil quality ‘mini’ visual soil assessment (miniVSA) has been adapted for cropping 

farmers.  
• MiniVSA baseline results from a North Island maize establishment trial show visual 

assessment scores are slightly better for no-tillage compared to cultivation and strip-till. 

Background 
Over time the production of arable crops can lead to changes (build-up or decline) in soil conditions 
(i.e. soil quality). Where best management practices are used, loss of soil quality under some forms 
of management is balanced by other management practices that restore soil quality. Where 
management practices are intensive and non-restorative, the loss of soil quality increases the risk 
that soil conditions will limit crop productivity and cause adverse environmental impacts. 

It is becoming increasingly important for farmers to be able to demonstrate good management 
practices. A simple soil quality ‘mini’ visual soil assessment (miniVSA) for cropping farmers has been 
adapted from the Soil Quality Management Assessment (SQMS) developed by New Zealand Institute 
for Plant & Food Research, the Visual Soil Assessment produced by the Soil Management Initiative 
(UK) and Manaaki Whenua - Landcare Research’s visual soil assessment field guide. 

The miniVSA for cropping farmers involves assessing and scoring: 

1) Structure and porosity 
2) Turbidity  
3) Earthworm numbers 

The structure, porosity and turbidity scores assess the structure and stability of soil aggregates (good 
soil structure provides greater resistance to the forces of compaction and maintains the soil porosity 
necessary for roots to access air, water and nutrients). Earthworms are an important biological 
indicator as through their feeding and burrowing activities they can enhance nutrient availability, 
increase the infiltration and movement of air and water and improve the structural condition and 
stability of soils. 

Methods 
A spade, a tarp, two clear containers, some water, a score card, a user guide and a camera are all 
that is required to carry out the miniVSA. The method (Figure 1), a scoresheet and a demonstration 
video on how to do a miniVSA can be found on the FAR website: 
https://www.far.org.nz/articles/1260/how-to-diy-mini-soil-visual-assessment 

A baseline assessment was completed at the Northern Crop Research site (NCRS) long-term maize 
grain crop establishment trial in Tamahere, Waikato in September, 2019, by a student from Waikato 
University (McKay and Holmes 2020). This trial compares full cultivation, no-till and strip-till in a 
maize rotation (Holmes et al. 2020; Holmes et al. 2020). The MiniVSA method was carried out in each 
of the 12 plots in the trial. 

https://www.landcareresearch.co.nz/publications/books/visual-soil-assessment-field-guide/download-field-guide
https://www.far.org.nz/articles/1260/how-to-diy-mini-soil-visual-assessment


Figure 1. Mini VSA method.  

 

 
 

 

  



Results and Discussion 
Results from the long-term maize grain crop establishment trial (Table 1) provided a benchmark from 
which changes in visual indicators between the tillage treatments will be tracked in the future. The 
assessment identified a better turbidity score with no-till (p=0.002). The total scores for strip-till and 
cultivation methods were in the medium range and the no-till total score was in the top range (Table 
2). 

Table 1. MiniVSA scores from the FAR Northern Crop Research Site long-term maize grain crop 
establishment trial in Tamahere, Waikato. 

Establishment technique Structure and porosity Turbidity Earthworms (per m2) Total score 

Cultivation 1.38 1.38 62 3.38 

Strip-till 1.38 1.75 62 3.63 

No-till 1.44 1.94 88 4.38 

LSD (p=0.05) 0.42 0.36 67 0.89 
Note: Yellow indicates the scores for each miniVSA assessment that were amongst the highest scores 
(indicative of greater soil quality). 

Table 2. ‘How are you tracking’ ranges. 

 
Summary  
Scores are likely to fluctuate as rotations transition through depletive and restorative phases, but 
they will allow overall trends to be tracked over time. This is likely to become increasingly important 
as farmers are expected to be able to demonstrate good management practices. Regular soil quality 
assessments can assist farmers with: 

• Understanding the full impact of prior management decisions.  
• Identifying existing constraints to production.  
• Selecting and implementing future management strategies that improve soil quality and are 

feasible for your operation. 
• Measuring progress and adjusting management appropriately. 
• Providing evidence of good soil management practices to support FEP audits. 

References 
Payne, S, McDougall, S, and Holmes, A (2019). Long-term maize grain crop establishment trial. FAR 
Research Results 2018/19. Pp 65-68. 

Holmes, A, Payne, S, and McDougall, S (2020). Long-term maize silage crop establishment trial. FAR 
Research Results 2019/20.  

McKay, E, and Holmes, A (2020). The effects of varying intensity cultivation on soil quality in a maize 
cropping system. FAR Research Results 2019/20. 



Long-term Chertsey establishment trial 

Project code X18-10 

Duration Year 17 (2003 - on-going) 

Authors Abie Horrocks (FAR) 

Location FAR Chertsey Arable Research Site, Mid Canterbury 

Funding FAR 

Acknowledgements Craig Tregurtha (New Zealand Institute for Plant & Food Research) 

Key points 
• Seventeen years into a long-term establishment trial (inversion/non-inversion/no-tillage), the 

method of crop establishment has significantly affected how soil carbon (a key determinant 
of soil quality and function) is distributed down the soil profile. 

• There was more soil carbon in the top 0-7.5 cm of the soil profile with no tillage and non-
inversion and these treatments also had better soil structure and water storage ability than 
plots established using inversion.  

• Establishment methods with soil disturbance (inversion, non-inversion) did not affect profile 
soil C stocks (0-30cm) for either irrigation or dryland treatments but were greater under 
dryland management where there had been no disturbance (no-tillage). 

• Greater yields under no tillage compared to establishment with inversion occurred under 
dryland conditions when water was limiting suggesting that no tillage can improve resilience 
in the cropping system. 

Background 
The trend towards more intensive cropping rotations and cultivation comes with a greater risk of 
degrading soils through the depletion of soil organic carbon. A long-term crop establishment trial has 
been running at the FAR Chertsey Arable Research Site in mid Canterbury for over seventeen years 
investigating crop establishment methods (utilising commercial-scale machinery) under dryland and 
irrigated conditions. 

The aim of the trial was to: 

• Assess how establishment methods (inversion/non-inversion/no-tillage) impact soil quality 
measured using indicators such as soil carbon stocks, aggregate stability and water-holding 
capacity. 

• Determine if crop production is penalised under an intensive annual cropping rotation if 
arable farmers shift to a reduction in cultivation intensity. 

• Determine if establishment method effects on yield and soil quality vary with irrigation. 

Methods 
The crop rotation at the site has included wheat (Triticum aestivum L.), peas (Pisum sativum L.), 
ryegrass (Lolium perenne L.), linseed (Linum usitatissimum L.) and barley (Hordeum vulgare). The trial 
is currently in red clover (Trifolium pratense). The plots where the establishment treatments (Table 
1) are imposed are approximately 70 m2 in area. Annual rainfall is approximately 660 mm/year evenly 
distributed throughout the year. Irrigated treatments aim to remove soil moisture deficits and 
usually receive 250-300 mm of applied irrigation to replace evapotranspiration. The soil is a Chertsey 
silt loam with 40-60 cm of topsoil over gravels. 

 

 

  



Table 1. Establishment treatments at the Long-term Chertsey establishment trial, mid Canterbury. 

Establishment treatment 
 

Inversion Plough (approx. 20-25 cm) + 1 or 2 maxi-till passes + Drilled John 
    

Non-inversion 2 Pass topdown (approx. 15 cm)) + Drilled John Deere 750A double 
 

No-till  Drilled John Deere 750A double disc 

 

Crop details 
Previous crop:  Barley (Hordeum vulgare) cv. Sanette 
Current crop:  Red clover (Trifolium pratense) cv. Grasslands Relish at 6 kg/ha         
Sowing date:  2 February, 2018 
Trial design: The experiment was a split-plot design, with irrigation treatments (irrigated 

and dryland) making up main plots and establishment method 
(inversion/non-inversion/no-till, Table 1) as sub-plots 

Fertiliser and lime: 14 February, 2018: Lime 4 t/ha 
Herbicide: 9 February, 2018: 4 L/ha Roundup® (active ingredient glyphosate 360 g/L); 2 

March, 2018: 11.5 kg/ha SuSCon green (a.i. 100 g/kg Chlorpyrifos); 17 May, 
2018: 3 L/ha Pasture Guard® (a.i. 385 g/L MCPB); 10 May, 2019 and 14 
September, 2020: 2L/ha Paraquat® (a.i. 200 g/L paraquat dichloride) + 1L/ha 
Gardoprim® (a.i. 500 g/L terbuthylazine) 

Molluscicide:  8 May, 2018: 10 kg/ha of SlugOut® (a.i. 18g/kg Metaldehyde) 
Harvest date:  4 March, 2019: clover desiccation; 9 March, 2020: harvest 

Grain and seed yields were measured at each harvest with a small plot combine harvester. Soil 
quality characteristics were measured by Plant & Food Research to quantify any changes as a 
consequence of establishment and irrigation. Soil quality characteristics were measured in autumn 
2003 as a baseline, and subsequent measurement were made in autumn of 2004-2009, 2015 and 
2017-2020. The measurements included soil carbon stocks, aggregate stability, water holding 
capacity, structural condition scores and earthworm populations. 

Results and Discussion 
By 2020, the irrigated treatments had cumulatively yielded 51.1 t/ha of grain or seed, 62% greater 
(p<0.003) than the cumulative yield from the dryland treatments (31.8 t/ha) (Figure 1). Differences in 
above ground biomass were not reflected in soil carbon stocks (0-30 cm), which were greater under 
dryland than irrigated (p=0.02) with there being 82 and 79 t C/ha, respectively. 

There was evidence of an effect of establishment method on yield in the dryland treatments 
(p=0.037) with no tillage having better yields in some years. Establishment by inversion has a mixing 
effect on the soil so the way soil C is distributed down the profile differs significantly between no-
tillage and inversion establishment methods. This is a likely explanation for the differences in yields 
between establishment under dryland management as soil C stocks in the top 7.5 cm were 
significantly greater in the no-tillage plots (p<0.001) and this was more evident in the dryland system 
(p=0.011, Figure 2). The reverse was evident at 15-30 cm where there were significantly greater C 
stocks with inversion (p<0.001) and this was more evident under irrigation (p=0.021, Figure 2). 



 
Figure 1. Cumulative seed and grain yield for the establishment (inversion, non-inversion and no-
tillage) and irrigation (dryland, irrigated) treatments at the Chertsey Establishment Trial, Mid 
Canterbury, 2007-2020. Error bar represents the LSD (p=0.05) for all interactions for cumulative yield 
in 2020 only. 

 
Figure 2. Soil carbon (t/ha) at (a) 0-7.5 and (b) 15-30 cm for the establishment (inversion, non-
inversion and no-till) and irrigation (dryland, irrigated) treatments in the Chertsey Establishment 
Trial, Mid Canterbury, 2020. Error bars represent LSD (p=0.05) for the dryland and establishment 
treatments. 

This different distribution of soil C down the profile means that under no tillage there is more organic 
matter where it is of greater functional importance. Organic matter (which is on average 58 % C) 
enables soil function as it is positively correlated with soil structure, aeration, water infiltration and 
water storage. The no-tillage plots, which have greater surface soil C, also had better soil aggregate 
stability (Figure 3) and water holding capacity (p=0.005). The aggregate stability results were also 
supported by the visual assessment of the soil (structural condition score), which was significantly 
greater under no tillage with scores of 4.1, 5.3 and 5.8 for inversion, non-inversion and no-tillage 
respectively (p=0.019). Aggregate stability has increased across all establishment treatments since 
2018 because the trial is in a restorative phase of the crop rotation where the soil has not been 
cultivated or disturbed (Figure 3). Volumetric water holding capacity at field capacity (% v/v) was 
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27.98, 28.96 and 29.60 % v/v for the inversion, non-inversion and no-tillage treatments in 2020 
(p=0.005). Hydro services neutron probes were installed in 12 plots and were monitored weekly from 
25 November, 2019, to 25 June, 2020. The neutron probes showed that the greater water holding 
capacity with no tillage compared to inversion meant that the crop was under water stress for a 
shorter duration with no tillage (p=0.047). 

Profile soil C stocks (0-30 cm) do not differ between irrigation and dryland where there has been soil 
disturbance (inversion, non-inversion), but is greater in dryland where there has been no disturbance 
in the no-tillage treatment (Figure 4, p=0.011). 

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

A
gg

re
ga

te
 S

ta
bi

lit
y,

 M
W

D

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8
No-till
Inversion 
Non-inversion 

 
Figure 3. Soil aggregate stability (MWD) to 0-7.5 cm for the establishment (inversion, non-inversion 
and no-tillage) treatments in the Chertsey Establishment Trial, Mid Canterbury, 2004-2020. Error 
bars represent LSD (p=0.05). 
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Figure 4. Soil carbon (t/ha) at 0-30 cm for the establishment (inversion, non-inversion and no-tillage) 
and irrigation (dryland, irrigated) treatments in the Chertsey Establishment Trial, Mid Canterbury, 
2015, 2018 and 2020). Error bars represent LSD (p=0.05) for the dryland and establishment 
treatments. 



Summary 
Greater yields with no tillage under a dryland system suggest that no tillage provides some resilience 
in years where the system is under pressure (in this case when water was limited) and this is due to 
greater soil C in the topsoil and subsequent improvements in water holding capacity and structural 
stability. 

Although further long-term trends are becoming evident with time, adding to the value of this trial, 
differences in nutrient and pH stratification are presenting challenges that will need to be carefully 
managed (Brooker et al. 2020). In 2020-21, management of the trial will transition towards a systems 
approach.  

References 
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Good management practices for cropping setbacks 

Project code X18-22 

Duration Year 2 of 3 

Author  Abie Horrocks (FAR) 

Location  Canterbury, Hawkes Bay 

Funding  MPI Sustainable Farming Fund 

Acknowledgements Carey and Alastair Barnett, Colin Hurst, Hugh Ritchie (trial hosts), Grasslanz, 
New Zealand Institute for Plant & Food Research, Environment Canterbury, 
William Mitchell and Harry Washington (FAR graduate students) 

Key points 
• Soil run-off is a risk to the environment because it can reduce water quality and also to the 

farm business because it represents a loss of top-soil. 
• To help understand the importance of good management practices that can reduce soil loss 

(e.g. setbacks), an accurate measurement of the amount of soil that can be lost off a paddock 
via runoff is necessary. 

• Three automated sediment catchment units, identified as being most fit-for-purpose, were 
installed in the north and south islands to compare the effect different setback widths have 
on soil loss. 

Background 
Setbacks from waterways are an accepted mitigation for sediment control on cultivated ground, but 
cropping farmers are concerned about the permanent economic loss of productive cropping ground 
when setbacks are established.  

The Good Management Practices for Setback Strips on Cropping Farms project aims to establish 
functional setback widths and identify ongoing maintenance and management practices to reduce 
soil and sediment movement. The main aims of the project are to:  

• Quantify sediment loss from cropping paddocks at three sites.  
• Quantify the effectiveness of setbacks of 2 different widths.  
• Develop a good management guide for setback development and management. The guide 

will include information on management practices to reduce on paddock soil movement, risk 
assessment identification and management of critical source areas.  

Methods 
The initial focus of this project was to develop and test methods for measuring soil loss from a 
paddock. Of the systems tested, the automated sediment catchment unit developed by Plant & Food 
Research was identified by the project team as the most fit-for-purpose as the design can cope with 
high rainfall events when soil is at the most risk of being lost. Additionally, it enables the precision 
and resolution required for modelling, which will ensure data can be used and applied to its full 
potential.  

The sediment unit determines how much run-off comes off a defined area and how much sediment it 
carries (Figure 1). Time domain reflectometers (TDRs) to measure soil water content (SWC) were 
installed in each plot to track the relationship between soil moisture and run-off events (Figure 4). 
Each plot had its own flow meter and each site had a rain gauge. Rainfall (mm), soil water content (0-
30 cm) and run-off volumes (L) were data logged in each plot.  

Units have been installed at sites in Canterbury, south Canterbury and Hawke’s Bay (Table 1).  At 
each site, a control plot without a setback was compared with plots adjacent to a 1 m or 5 m setback. 
The plots were 3 m x 10 m (30 m2), which enabled the total sediment and water movement from a 



sufficient area to be calculated. Timothy grass (Phleum pratensis) was sown as the setback species 
(Figure 2). 

 
Figure 1. Automated sediment catchment design unit at a Canterbury site. 

 

Table 1. Specifications for the North and South Island setback sites. 

Region Catchment Farm System Topography Installation date 

Canterbury  
 

Selwyn Te 
Waihora (sensitive 
catchment)  

Arable, 
conventional 
cultivation 

Flat  
 August, 2018   

South Canterbury South Canterbury 
streams 

Arable, reduced 
tillage 

Sloping  
 July, 2019   

Hawkes Bay Papanui Arable farm, 
reduced tillage 

Mostly flat, 
some slope  October, 2019 

 

 
Figure 2. Established plots and setbacks in South Canterbury. 



Results and Discussion 
Main run-off events represent a significant surface flow of water carrying sediment and are defined 
as those that trigger the pump and the proportional sampler. Sub run-off events are defined as 
events where there is a sample in the gutter and primary settling bucket, but the pump has not been 
triggered. 

There were no main run-off events in Hawkes Bay due to the drought (Table 2). The drought also 
meant that the setback at this site did not establish (Figure 3). This was re-drilled on 24 June, 2020, 
after rain.  

Table 2. Count of run-off events in Leeston, south Canterbury and Hawke’s Bay. 

Site and establishment date Count of main run-off events 
since establishment 

Count of sub run-off events 
since establishment 

Leeston, August 2018   0 2 

South Canterbury, July 2019 3 6 

Hawke’s Bay, Sept 2019 5 2 

In spring 2020, sediment load and total P and N will be determined from samples taken from all run-
off events. Data logged soil moisture content and run-off events triggering the pump (Figure 4) will 
be correlated with sediment load and total P and N in run-off. This will determine: a) How much run-
off is occurring at these three sites; b) What the benefits are of having perennial setbacks, and c) If 
there are any differences between 1 m and 5 m perennial setback widths.  

 
 Figure 3. Poorly established setback grass due to drought in Hawke’s Bay. 

 



 
Figure 4. An example of data illustrating soil water content from time domain reflectometers (TDRs) 
and data logged run-off at Leeston. 

The novel aspect of this project is to quantify the agronomic potential of perennial wheat 
(Thinopyrum intermedium) as a setback option. CSIRO and Department of Primary Industries in 
Australia have perennial wheat in their breeding programmes as they are interested in the benefits it 
may provide in erosion prone areas. The seed was imported at the end of 2019 and has been autumn 
sown for multiplication (Figure 4).  

 
Figure 4. Perennial wheat establishing for multiplication purposes, Lincoln, 2020. 

In-paddock good management practices are key, and are the starting point from which sediment 
losses should be managed. The good management guide for setback development and management 
will include information on management practices to reduce on paddock soil movement, risk 
assessment identification and management of critical source areas.  

  



Summary 
Collaboration with the lead researchers for the projects indicated below will enable development of 
a good management guide to create and manage setbacks. The guide will also cover how to reduce 
soil movement from paddocks, identify risks and manage critical source areas:  

• X18-01, MfE’s Fresh Water Improvement Fund Fluxmeter Network project (Protecting our 
Groundwater – Measuring and Managing Diffuse Nutrient Losses from Cropping Systems).  

• X18-04, The farmer interface for physiographic environments (a physiographic tool has been 
developed which has a sediment control mitigation library component).  

• X15-09, Don’t muddy the water (this project enabled development of an app to support 
farmers to carry out risk assessments and establish baseline erosion rates from current 
practice). https://www.vri.org.nz/esc/ 
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Catch crops to reduce nitrate leaching 

Project code X18-37 

Duration Year 2 of 3  

Author     Abie Horrocks (FAR), Peter Carey (Lincoln Agritech Ltd), Brendon Malcolm (New 
Zealand Institute for Plant & Food Research) 

Location Canterbury, Southland 

Funding    FAR 

Acknowledgements MPI Sustainable Farming Fund, Lincoln Agritech Ltd 

Key points 
• Oat-based catch crops sown after winter grazing took up 30-50 kg N/ha of soil mineral 

nitrogen within a few months after emergence. 
• Sowing catch crops after winter grazing during trials in 2019 resulted in gross net profit that 

ranged from $1384-$1575/ha and $1450-$1840/ha for Mid-Canterbury and Southland 
respectively. 

• The earlier catch crops are established the greater the potential to reduce nitrate leaching, 
but it can be difficult to sowing catch crops in the middle of a wet winter. 

• In Southland, use of a spader drill enabled sowing 3-8 weeks earlier than conventional 
establishment methods and yields were approximately 2-3 times greater. The potential 
trade-off between getting a catch crop in early vs. detrimental effects on soil properties will 
continue to be investigated in Southland as part of a variation to the current project. 

Background 
Winter forage grazing is recognised as a major potential contributor to a catchment's nitrate leaching 
and denitrification losses. Although it has been shown that catch crops can mitigate nitrogen (N) 
leaching losses (Horrocks et al. 2019), integrating them successfully and profitably into commercial 
farms’ winter forage programmes can be challenging. 

An MPI Sustainable Farming Fund project managed by Lincoln Agritech Ltd, in conjunction with Plant 
& Food Research, is in its third year. The objectives are to: 

1. Select a range of winter forage paddocks in Mid-Canterbury and Southland to establish post-
grazing catch crop trials and measure dry matter yield, crop N uptake and soil mineral N.  

2. Test tillage practices and species type to establish best methods and crop types for inclusion 
of catch crops in winter forage rotations. 

3. Test an oats-only treatment against a species mix of both oats (Avena sativa) and Italian 
ryegrass (Lolium multiflorum) in both Canterbury and Southland regions. 

4. Extend the use of the single pass spader drill to two Southland trials on differing soil types.  

Methods 
Five trials were conducted in 2018-19; three in Canterbury (Mt Somers and Te Pirita) and two in 
Southland (Gore and Mossburn). Site, treatments, tillage and harvest dates are listed in Table 1. An 
application of 40 kg N/ha was applied to one-half of each spader drill plot at Lumsden, and one-half 
of each spader drill and minimum tillage plot at Mossburn (in early November and mid-October 
respectively). Due to cool, wet conditions and predominantly heavy soils in Southland, early sowing 
was possible using only the Farmax single pass spader drill. This drill enabled sowing 3-8 weeks 
earlier than the minimum tillage treatments. 

Sites were soil sampled prior to drilling and post-harvest. For soil sampling, 6-10 augur holes per plot 
were sampled (to 60 cm at the Gore site and to 30 cm (or to gravels) at all other sites). Samples were 
frozen until analysed for mineral-N. Plant counts were carried out in August by taking three random 1 
m counts per plot. Dry-matter cuts were taken three-times for each trial through the growing period 



and sub-samples were taken for moisture content (dried at 60°C) to calculate yield and for total-N 
analysis. Final harvest was carried out for the Mt Somers’ trial on November 20, and for the Te Pirita 
ex-kale and ex-fodder beet trials on 8 November and 5 December, 2018, respectively.  

Gross profit analysis was undertaken for each trial and treatment using actual costs and where 
information wasn’t available, estimated costs, based on the 2018 Financial Budget Manual (Askin and 
Askin 2018). The value of the dry matter as green chop silage was based on a pricing of $0.25/kg dry 
matter.  

Table 1. List of trial treatments.  

Trial Treatment* Tillage & harvest dates  

Te Pirita  
(ex-kale tillage)   

Fallow - 
Minimum (min) till Cultivated/drilled 5 Aug  

 Direct drill Drilled 7 Aug  
Te Pirita  
(ex-fodderbeet tillage)  
 

Fallow - 
Min till Cultivated 2 Sep and oats drilled 3 Sep 
Direct drill Oats drilled 3 Sep 

Mt Somers  
(ex-kale 
species/cultivation)  
 

Fallow - 
Oats/direct drill Drilled 13 July 
Oats-IR/direct drill Drilled 13 July 
Oats/min till Cultivated 7 July, Drilled 13 July 
Oats-IR/min till Cultivated 7 July, Drilled 13 July 

Mossburn  
(ex-fodderbeet tillage) 
 

Fallow - 
Spader drill (+/- fertiliser N) Cultivated/drilled 11 July 
Min till Cultivated/drilled 3 Aug 

Lumsden  
(ex-kale species/tillage) 
 

Fallow - 
Oats/spader drill (+/- 

  
Cultivated/drilled 11 July 

Oats-IR/spader drill (+/- 
  

Cultivated/drilled 11 July 
Oats/min till Cultivated/drilled 9 Sept 
Oats-IR/min till Cultivated/drilled 9 Sept 

*IR, Italian ryegrass. N, nitrogen 

Results and Discussion 
In mid Canterbury trials, the dry matter yields ranged from 4.6.-8.8 t DM/ha (data not shown). Catch 
crop-N uptake for the established trials at final harvest ranged between 52 and 136 kg N/ha. For the 
earliest sown crops, by the first harvest in October, approximately 25 % of the total plant-N uptake 
(30-50 kg N/ha) was in the crop.  

For the mid Canterbury trials, minimum tillage treatments had significantly greater population counts 
and yields than direct drill treatments at Mt Somers (p<0.001). However, there was no significant 
difference in N uptake between the minimum tillage and direct drilled treatments. There were no 
significant differences between the yields of oats-only and the oats/Italian ryegrass.  

Gross net profit in Mid-Canterbury ranged from $1384-$1575/ha after expenses whilst in Southland 
the range was $1450-$1840/ha (data not shown).  

The Dairy NZ-led programme Forages for Reduced Nitrate Leaching (2013-2019) provided new 
scientific knowledge about the effectiveness of catch crops and demonstrated that the earlier the 
catch crop can be drilled the greater the potential to reduce nitrate leaching (Horrocks et al. 2019). 
However, if soils are too wet, as is often the case in Southland, it is not always possible to get the 
crop established. A spader drill lifts the soil with paddles and turns it over, mixing the top 25 cm of 
soil in a gentler way than a rotary hoe. It conditions the uplifted soil into a seed bed and drills in the 
same single pass. The power take off (PTO) shaft shifts the tractor’s power to the spader so it pushes 



the tractor (rather than the tractor pulling the spader), minimising the risk of it getting stuck. In the 
Southland trials, spader drill treatments were able to be sown 3-8 weeks earlier than the minimum 
tillage treatments and yields were approximately 2-3 times greater by final harvest (Table 2, 
p<0.001).  

Table 2. Dry-matter (DM) yield and final Nitogen (N) uptake for Southland catch crop trials (2018-19). 
(MT = minimum till, SPD = spader drill). 

 
Catch crop N uptake with early establishment by the spader drill was higher than with the later 
establishment with minimum tillage (Figure 1). The application of 40 kg N/ha (at approx. canopy 
closure) to one-half of each spader drill plot at Lumsden, and one-half of each spader drill and 
minimum tillage plot at Mossburn increased yields by 1.2-1.7 t DM/ha (p<0.001) emphasizing the 
importance of monitoring N stress in the catch crop to ensure quantity/quality targets are met.  

 
Figure 1. Nitrogen (N) uptake at harvest for oats and Italian ryegrass (Ital.) established with the 
spader drill or using minimum tillage at Lumsden (ex-fodder beet), Southland. 

 



Initial measures of soil physical properties following establishment with the spader-drill indicated no 
harmful effects to the soil. However, the potential trade-off between getting a catch crop in early 
versus detrimental effects on soil properties in Southland is continuing to be investigated as part of a 
variation to the current project. 

Summary 
Both years (2017-19) of the trials conducted to date have supported the earlier research shown by 
Carey et al. (2016) and Malcolm et al. (2016) for the potential of catch crops to reduce nitrate 
leaching. However, 2018-19 has re-emphasized that early sowing and crop monitoring is important 
to realise the benefits of catch crops as soil N status changes with forage crop yield, tillage type and 
time of drilling. Nevertheless, the benefits of sowing catch crops, in terms of environmental and 
financial performance, are substantial compared to the practice of leaving winter forage fields fallow 
till mid-spring.  
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Environmental impacts of arable farms  

Project code X18-41 
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Author   Abie Horrocks (FAR)  
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Key points 
• Farmers and growers will be required to contribute to global efforts to reduce the emissions 

of greenhouse gases (GHG), as part of New Zealand’s commitment to mitigate climate 
change. 

• Life cycle analyses (LCA) that use one single vegetation period can identify key levers to 
reduce GHG footprint on-farm but overlook several aspects of relevance such as between 
crop management of residues. 

• An important next step to support good management decisions on-farm is to better 
understand LCA across the whole cropping rotation. 

Background 
The New Zealand Government has introduced ‘Zero Carbon’ with greenhouse gas (GHG) emission 
reduction targets that include reducing carbon dioxide and nitrous oxide to net zero by 2050.  

New Zealand agriculture has been excluded from the New Zealand Emissions Trading Scheme and 
the government has supported a collaborative agreement between the primary sectors, iwi and the 
government to develop a practical and cost-effective system for reducing emissions at the farm level 
by 2025. This is the 5-year He Waka Eke Noa – Our Future in Our Hands programme, which aims to 
ensure farmers have the knowledge and tools to reduce emissions to meet New Zealand’s climate 
change obligations whilst maintaining profitability.  

As part of the programme, growers will need to understand the principles that drive their GHG 
emissions and will also need to demonstrate that they are implementing mitigation solutions that fit 
their farming operation.   

Life cycle analyses (LCA) methodology to measure GHG emissions of four arable crops and identify 
the key on-farm levers for mitigation have been completed (Barber 2011). The boundary used to 
assess the crop systems extended from the extraction of raw materials from the ground, through 
field cultivation and harvest to calculate GHG footprint of one tonne of wheat, maize silage, maize 
grain or ryegrass seed. Based on this, the emission range from cropping was estimated as 2-2.8 CO2-
e/ha/year. By comparison, ranges for dairy and sheep & beef respectively have been estimated as 3.1 
–18.8 CO2-e/ha/yr and 0.9 –5.1 CO2-e/ha/yr. 

However, LCA that use one single vegetation period overlook several aspects of relevance to GHG 
footprint. This is because management between crops can impact on the GHG footprint (e.g., as 
nutrients shift from one crop to subsequent crops and also due to residue management decisions). A 
system boundary around a crop rotation rather than a particular crop can overcome this limitation. 
An important next step to support good management decisions on-farm is to improve understanding 
of LCA across the whole cropping rotation. 

Methods 
Management data is being collected from two Canterbury-based rotations (an arable rotation with 
grazing and a vegetable/arable mixed rotation). An emissions framework is being built by Plant & 
Food Research for each rotation to identify the major levers across the rotation (i.e. fertiliser, water 



or between crop management decisions (stubble: burn, bale or bury)) that can modify the carbon 
balance.  

Results and Discussion 
A report will be completed that delivers: 

a) Carbon balance of each rotation. 
b) Major drivers of emissions in the current emission framework. 
c) Limitations and assumptions of current approach. 
d) Recommendations for reducing emissions from each rotation in current emission framework. 

Summary 
Considering the environmental impacts of the full rotation will further assist farmers in identifying 
“climate-smart” farming practices across the whole rotation.  

Reference 
Barber, A (2011). Carbon footprint of New Zealand arable production – wheat, maize silage, maize 
grain and ryegrass seed. Agrilink New Zealand report for FAR. 

 



Hinds Drain Community Monitoring  

Project code X18-46 

Duration Year 1 of 2 

Author  Abie Horrocks (FAR) 

Location Canterbury 

Funding FAR 

Acknowledgements Fish & Game, Beef & Lamb, DairyNZ, Department of Conservation, 
Environment Canterbury 

Key points 

• The objective of the Hinds Drain community monitoring is to provide the Hinds Plains 
community with the best possible knowledge of nutrient concentrations and flow conditions 
in the lowland drains and streams leading up to the Hinds Plan review expected in 2021. 

• The goal of the monitoring is to assist in understanding the effectiveness of mitigations and 
to inform future planning processes. 

Background 
The Hinds Drains Working Party (HDWP) was formed by the Ashburton Water Zone Committee and is 
a mix of zone committee appointees and elected farming community members. The working party 
developed recommendations to enable the management of the Hinds Drains water bodies within 
water quality and quantity limits defined by the Canterbury Land and Water Regional Plan. It 
partnered with industry to implement a monitoring programme.  

Methods 
The main focus of the programme was nitrate testing of drains in the Hinds region, stream health 
surveys and habitat enhancement.  

The Hinds Plains community began intensive flow and water quality monitoring at 27 sites on eight 
drains in the Hinds Plains area in August, 2014 (Figure 1). Water quality was assessed using nitrate-N 
(ug/L) as an indicator. Stream health was assessed using macroinvertebrate populations as an 
indicator. Macroinvertebrates include the larvae of insects, shrimps, crustacea, spiders and mites, 
and molluscs (animals with shells, e.g., freshwater snails, mussels, and limpets). Aquatic ecosystem 
health monitoring data was used to calculate a Quantitative Macroinvertebrate Community Index 
(QMCI) score and compared to the QMCI Freshwater Outcome in Table 13(a): Freshwater Outcomes 
for Hinds/Hekeao Plains Area Rivers of the Canterbury Land and Water Regional Plan. 

 



Figure 1. Hinds community monitoring sites (pink circles). 

Forty-one rock weirs were also installed in Windermere and Taylors Drains in 2015 to create a range 
of water depths, velocities and habitat types more like a natural stream. Fish & Game monitored the 
drains to assess the impact the weirs had on the drains. 

Results and Discussion 
Water quality, measured by Nitrate-N (ug/L), is typically poor in the Hinds region. Figure 2 is an 
example of a drain (Boundary drain) where nitrate-N is consistently above the limit defined in the 
Canterbury LWRP of 6.9 ug/L. 

 
Figure 2. Boundary Drain Nitrate-Nitrogen water quality. 

Aquatic ecosystem health monitoring indicated that the invertebrate communities of Boundary Drain 
do not meet the QMCI minimum LWRP Freshwater Outcome of 5. 

 
Figure 3. Aquatic ecosystem health as measured by a Quantitative Macroinvertebrate Community 
Index (QMCI) for Boundary and Morrows drains. The red line is the minimum defined in the 
Canterbury Land and Water Regional Plan. 



Rock weirs were installed to create a range of water depths, velocities and habitat types more 
reflective of a natural stream. After installation, they increased the water level above the weir, 
creating quiet, deeper water (Figure 4). In the trial reaches, flood flows eroded gravels from below 
the weir to create pools up to 1.5 m deep; this gravel was deposited further downstream to create 
shallow faster flowing sections. Taylors Drain showed increased diversity with six species being 
caught in 2019 compared to two species in 2015. In Windermere Drain, improving numbers of 
juvenile trout indicated good rearing conditions were provided in by the Windermere Drain.  

 
Figure 4. Constructed rock weir in Taylors drain. 

Summary  
These data will be used alongside Environment Canterbury’s long-term monitoring data to provide 
the community with a clear picture of nutrient concentrations and flow conditions in the lowland 
drains and streams leading up to the Hinds Plan review expected in 2021. Having a community 
monitoring programme where there is joint ownership of the data has created an opportunity for 
community engagement. 
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Key points 
• Measurements of soil mineral nitrogen (N) and potentially mineralisable N (PMN) provide 

complementary information on the total soil N supply and, together, can contribute to 
improved crop N management. 

• A new soil test to measure PMN is now commercially available and will help to improve 
accuracy in forecasting crop fertiliser N requirements, improving N use efficiency and 
reducing the risk of leaching losses. 

Background 
Nitrogen (N) is present in the soil either as:  

• Organic N: The majority (98-99%) of N in the soil is present as organic N, most of which is 
locked up in the soil organic matter and not readily available to plants.  

• Mineral N: Mineral (or immediately plant available) N comprises only 1-2 % of the total soil N 
and exists as ammonium or nitrate ions (ammonium-N or nitrate-N). Most mineral N is very 
mobile and is constantly being ‘taken up’ by plants and converted to protein, or is lost by 
leaching. The primary sources of mineral N are from the decomposition (mineralisation) of 
soil organic matter and from N fertiliser applications.  

• Mineralisable N: N is converted from organic to mineral forms through the decomposition of 
soil organic matter by soil microbes in a process referred to as ‘mineralisation’. Mineralisable 
N represents a small fraction of the organic N that will be mineralised over the growing 
season and made available to plants.  

Understanding how much N is available from these pools in the soil is the key to more accurately 
matching N inputs with crop N requirements and reducing N leaching. Timely and accurate decisions 
for N fertilisation require two key pieces of information to form a nutrient budget: i) an estimate of 
the crop demand for N to achieve its target yield and quality, and ii) an estimate of the soil N supply 
from the immediately available pool (mineral N) and the release of N from soil organic matter over 
the growing season (mineralisable N). NZ soils can supply 40 to 300+ kg N/ha/year through the 
process of N mineralisation.  

The amount of N that can be released (mineralised) from a soil under optimal conditions of 
temperature and moisture is known as Potentially Mineralisable Nitrogen (PMN). A new soil test is 
available to improve the accuracy of measuring PMN compared to the Available Nitrogen (AN) test 
(often called Anaerobic Mineralisable Nitrogen (AMN) test) familiar to many growers. However, 
conditions in the field are rarely optimal, so the ‘Mineralisable N to improve on-farm N management’ 
MPI Sustainable Farming Fund (SFF) project is developing a method that uses the new PMN test, 
combined with local soil temperature and moisture data to predict how much N is likely to be 
mineralised from the soil over a growing season. The ultimate focus of this project is to demonstrate 
how the test can be used to improve fertiliser N forecasting. It complements a recent MPI 
Sustainable Farming Fund projects ‘Measure it and manage it’ (X16-13) (Mathers 2019) and ‘Quick 



Test Champions’ (X19-08) (Mathers 2020), which focused on the use of Nitrate Quick Test strips to 
provide an immediate estimate of mineral N in the soil.  

Methods 
Four trials were carried out over 2019-2020 to validate predicted N mineralisation versus measured 
in-field N mineralisation. Two of these were in Lincoln, on a deep Templeton silt loam kale (Brassica 
oleracea) trial and a Wakanui silt loam carrot (Daucus carota) trial. A third site was in Waikato on an 
Allophanic loam over clay, maize (Zea mays) trial and a fourth was in Hawke’s Bay on a Hinds 
imperfectly-drained loam beet root (Beta vulgaris) trial. The trials were a Latin square design with 4 
replicates. The N (urea) treatments rates were: 

• Zero N Control (N0 = no N)  
• N1=50%   of standard rate 
• N2=100% of standard rate 
• N3=150% of standard rate 

Results and Discussion 
Preliminary results from the kale trial in Lincoln (Figure 1) show that even though the N uptake was 
greater with increasing fertiliser N rates the dry matter yield differed very little between the 100 and 
300 kg N/ha treatments (Figure 2). The zero N treatment indicates that N mineralisation accounted 
for at least 70-80 kg/ha of the N made available to the crop over the growing season.  

 
Figure 1. Latin square designed kale trial in Lincoln, 2020. 

 
Figure 2. Crop dry matter yield (t/ha) and crop N uptake (kg N/ha) for the four fertiliser N treatment 
rates from the kale trial in Lincoln, 2019-2020. 

https://en.wikipedia.org/wiki/Daucus_carota


The ‘gold standard’ for measuring soil PMN (a long-term (14 week) aerobic laboratory incubation) 
correlated well with the new test (Figure 3). 

 
Figure 3. Correlation between the gold standard 14-week incubation and the hot water extractable N 
test from the Lincoln, Waikato, Hawkes and Chertsey trials.  

Cumulative N predictions were then adjusted to field conditions, such as temperature (Figure 4) and 
predicted versus measured in-field N Mineralisation was reported from each of these trials. 

 
Figure 4. Cumulative N mineralised temperature adjusted for 0-15 and 15-30 cm.  

Summary 
Identifying how much PMN is available to a crop is an important part of good nutrient management 
practice. Testing for PMN is important to improve fertiliser N forecasting, avoid over-application and 
the accumulation of excess N and, thereby, lower the risk of N losses to the wider environment. 
There is also the prospect of cost savings, and reducing greenhouse gas emissions. 
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Key points  
• Maize grain yields did not differ significantly between the conventional fallow maize grain 

system and alternative maize grain systems that included winter cover crops. 
• The dry season had a large impact on maize grain yields. 
• Over a short duration of time (7 months) there were significant improvements in aggregate 

stability with the alternative maize grain systems. 
• The ‘perennial clover cover crop no tillage’ maize grain system resulted in the greatest 

improvement to aggregate stability but was also the system that had the highest weed 
populations. 

• Planting green requires more targeted investigation to understand its role in improving 
aggregate stability and to quantify observed soil drying effect. 

Background 
Poor soil structure limits crop growth and soil structural breakdown contributes to a wide range of 
detrimental outcomes that compromise a farms profitability and environmental performance. Soil 
organic matter has a particularly important role in relation to aggregate stability because of its 
binding and cementing agents (Haynes and Stephen, 1990). Living roots are 2-13 times more efficient 
than litter inputs in forming the slow-cycling and fast-cycling soil organic matter pools (Sokol et al. 
2019). Cover crops have been identified as a way of returning more organic matter via living roots 
into the maize system. 

Planting green involves planting the subsequent crop (i.e. maize) into the cover crop prior to its 
termination to maximise the growing period of the cover crop. Planting green has been shown to be 
a strategy that increases the benefits of cover crops such as minimising soil erosion and nutrient 
losses and mitigating soil moisture issues in wet springs (Heidi et al. 2019). However, there is little 
knowledge of the opportunities and challenges of planting green in New Zealand in light of the 
potential for: 1. soils to dry out; 2. reduced maize establishment; 3. delayed plant development and; 
4. reduced yields. 

In 2019-20, a preliminary trial was established at the FAR Northern Crop Research Site (NCRS) in the 
Waikato to compare the effect of different maize grain systems (with and without winter cover crops 
and tillage) on maize grain yields, soil quality (aggregate stability) and weed counts. It was predicted 
that a system that includes cover crops would reduce weed counts (due to greater ground cover) and 
improve aggregate stability (due to increased organic matter returns) compared to a conventional 
system with a winter fallow. Gaining a better understanding of planting green was also an objective 
of the trial.  

Methods 
The trial area had been in long-term (>5 years) strip-tilled maize grain production. The trial was a 
randomised block design of four replicates and six treatments (Table 1). Plot were 6 x 150 m. The soil 
type was a complex of Horotiu and Bruntwood sandy loams.   



Table 1. Maize grain rotation treatments for a cover crop trial at the FAR Northern Crop Research 
Site in Tamahere in 2019-20.  

Treatment Winter cover crop  Maize 
establishment  

Cover crop 
management for 
maize planting 

Fal + Cult Winter fallow  Full cultivation Terminate*  

ARG + Cult Annual ryegrass cultivar Tama 
(Lolium multiflorum)  Full cultivation Terminate*  

ARG + Cult Annual ryegrass cv. Tama No tillage Terminate*  

CC + NT 

Autumn sown mix: Oats (cv. 
Milton), barley (cv. Monty), faba 
bean (cv. Wizard), blue lupin (cv. 
unknown), woollypod vetch (cv. 
RM4), phacelia (cv. unknown), 
mustard (cv. unknown), daikon 
radish (cv. Lunch) and annual 
ryegrass (cv. Tama) 

No tillage Plant green** 

CC + NT (IS) 

Autumn sown cover crop mix, 
inter-seeded at five leaf maize 
stage with turnip (cv. Green 
Globe), chicory (cv. Choice), 
plantain (cv. Captain), red clover 
(cv. Rubitas) and Italian ryegrass 
(cv. Tabu) 

No tillage Plant green** 

Per Clv + NT (IS) 

Autumn sown perennial clovers, 
plus inter-seeded perennial clovers 
seeded at five leaf maize stage. 
Red clover (cv. Rubitas), white 
clover (cv. Mantra)   

No tillage Plant green** 

FAL, fallow; ARG, annual ryegrass; CC, cover crop mix; Per Clv, perennial clover; Cult, cultivated; NT, 
no tillage; IS, inter-seeded. * Five weeks pre-plant. ** Roll, plant into living cover, then terminate. 

Dry matter sampling for annual ryegrass and the other cover crop mixes took place on 27 September 
and 4 November, 2019, respectively. One 1 m2 quadrat was cut to ground level per plot.  

Visual soil coverage assessments and weed counts were made at the 5-leaf, 8-leaf and physiological 
maturity (R6) stages in the maize grain crop (10 December, 2019, 20 December, 2019 and 24 March, 
2020, respectively). Weed counts were performed within a 0.25 m2 quadrat (two from each plot). 
One visual soil coverage assessment (bare ground, mulch, weed and living cover crop coverage 
percentages) was made within a 2-row x 5 m area in each plot. 

On 23 October, 2019, each plot was soil sampled (0-30 and 30-60 cm) and composited by treatment 
for mineral nitrogen (N) analyses. Mineral N results were entered into the AmaizeN calculator to 
generate maize crop N requirements for the season. Three soil samples (0-7.5 cm) per plot were 
taken on 21 December, 2019, for aggregate stability analyses by Plant and Food Research.  

Maize grain was hand harvested and plants counted within a 2 row x 2.5 m area on 12 May 2020.  

  



Trial details 

Autumn cultivation: 21 May 2019; trial area Kelly harrowed twice to shallow incorporate maize 
residue. 

Cover crop planting: 22 May 2019; Per Clv + NT (IS) drilled with power harrow roller drill. All other 
treatments drilled with John Deere 750a. 

Maize cultivation: 31 October 2019; Fal + Cult and ARG + Cult disked and power harrowed. 

Maize planting: 8 November 2019; hybrid, PAC 343 at 90k seeds/ha; seed treated with 
Poncho® (active ingredient 600 g/L clothianidin) and Rancona® Dimension 
(a.i. 25 g/L ipconazole and 20 g/L metalaxyl); all treatments planted with a 
John Deere Max Emerge2. Prior to planting CC Mix + NT and Inter-seed CC + 
NT were rolled in the direction of planting. 

Cover crop inter-seeding:  13 December 2019; CC + NT (IS) and Per Clv + NT (IS) inter-seeded with 
tine drill. 

Fertiliser:          All treatments received 187.5 kg/ha Smartfert® (44%N) and 63.5 kg/ha 
SustaiN® Ammo 36 (35.3%N, 8.8%S) down the spout at maize planting. At 
the maize 5-leaf stage SustaiN® was hand applied at the following rates; Fal + 
Cult, 0 kg/ha; ARG + Cult, 111 kg/ha; ARG + NT, 102 kg/ha; CC Mix + NT, 13 
kg/ha; CC + NT (IS), 46; Per Clv + NT (IS), 56 kg/ha. 

Herbicide:  Per Clv + NT (IS); 5 November 160 mL/ha Kamba™ 500 (a.i. 500 gm/L 
dicamba), applied in 75 L/ha of water. Fal + Cult, ARG + Cult and ARG + NT 
were terminated 29 September, 2019, CC Mix + NT, CC + NT (IS) and Per Clv + 
NT (IS) were terminated 8 November, 2019, with 3.1 L/ha Weedmaster® 
TS470 (a.i. 470 g/L glyphosate) and 1 mL/L Pulse® (a.i. 800 g/L organosilicone 
modified polydimethy siloxane).   

Molluscicide  Slug bait was applied to all no-till maize plantings on 11 November, 2019 (10 
kg/ha Slug Out (a.i. 18 g/kg metaldehyde). A further slug bait application at 
the same rate was made to CC + NT (IS) and Per Clv + NT (IS) on 11 
December, 2019. 

Results and Discussion 

Maize grain yield 
The 2019-20 summer season was dry, with rainfall totalling 318 mm from the beginning of October 
2019 to the end of April 2020 (historical average was 613 mm for the same period). There were no 
significant differences in maize grain yields, which were very low across all treatments because of the 
dryness of the season (p=0.206, Table 2). The dryness of the season may also have contributed to 
high variability (CV %=46.9), but regardless of the lack of significance there was a trend that grain 
yields were lower with the alternative maize grain systems.  

Aggregate stability 
Aggregate stability is a valuable indicator of soil structural quality and resilience and is also one of the 
earliest indicators to respond to changes in paddock management. Aggregate stability results varied 
from 43.5 to 55.6 % > 1mm (Table 2) and were significantly different across the maize grain systems 
(p=0.044). Aggregate stability scores were the lowest in the winter fallow system, probably because 
the fallow produced less opportunity for organic matter returns. Aggregate stability scores were 
were highest in the Per Clv + NT (IS) and CC Mix + NT treatments. This could be because there was no 
soil disturbance via tillage in these systems and/or a response to the return of organic matter via 
living roots.  

 



Table 2. Cover crop yields, soil aggregate stability, soil coverage, maize population and maize grain 
yields for different maize grain systems grown in a trial at the FAR Northern Crop Research Site, 
Tamahere, in the 2019-20 season. 

Treatment Cover crop yield 
(DM t/ha) 

Aggregate stability 
(% >1 mm) 

Mulch soil 
coverage* (%) 

Maize grain 
yield (t/ha) 

Fal + Cult N/A 43.5   a 10   a 5.0 

ARG + Cult 1.6 44.3   a 15   a 4.1 

ARG + NT 1.4 47   ab 87.3   c 3.3 

CC Mix + NT 6.2 53.8   b 98.5   c 3.1 

CC + NT (IS) 7.6 52.1   ab 92.8   c 2.1 

Per Clv + NT (IS) 2.9 55.6   b 73.8   b 2.8 

P value  0.044 <.001 0.206 

LSD (0.05)  8.9 10.97  

CV (%)    46.9 

Note: Yellow indicates the treatments which had the greatest cover crop and maize grain yields, soil 
aggregate stability and/or soil coverage. Values with the same alphabetical letter are not significantly 
different. FAL, fallow; ARG, annual ryegrass; CC, cover crop mix; Per Clv, perennial clover; Cult, 
cultivated; NT, no tillage; IS, inter-seeded; N/A, not applicable. *Assessment carried out at 
physiological maturity  

Weed numbers 
Weed count results were low in the 5-leaf and 8 -eaf stage assessments and there were no significant 
differences between the systems (p=0.247 and p=0.292, respectively) (Figure 1). It was not until the 
maize reached physiological maturity that weeds increased to between 30 – 136 weeds/m2 and 
differences between the systems became significant (p=0.021). There were more weeds in Per Clv + 
NT (IS) compared to all other systems (Figure 1). This may have been because of a combination of the 
inter-seeding process clearing surface mulch and generating surface soil disturbance and there being 
significantly less mulch coverage at physiological maturity compared to the other no-tillage systems 
(Table 2). The preliminary investigation suggests that the mulching effect of the other cover crop no-
tillage systems (which had significantly greater soil coverage than the Per Clv + NT (IS)) were able to 
give the same weed suppression as cultivation in the Fal + Cult and Arg + Cult systems (even though 
these systems had the lowest mulch coverage at physiological maturity, Table 2).  

Planting green 
When planting green, cover crops continue to grow drawing moisture from the soil. This can create 
desired drier conditions in wet springs, but the opposite may occur in dry springs (Heidi et al. 2019). 
Observationally at maize planting the soil in the planting green treatments (CC Mix + NT, Inter-seed 
CC + NT, Per Clv + NT (IS) was dryer than the fallow treatment or where cover crops were terminated 
five weeks prior to maize planting. Future work investigating planting green should include soil 
moisture probes to quantify this observation.  
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Figure 1. Weed counts undertaken at three growth stages during maize crop development in a trial 
investigating different maize grain systems at the FAR Northern Crop Research Site, Tamahere, in the 
2019-20 season. 

Summary 
The 2019-20 trial showed that a maize grain system that includes cover crops can result in improved 
aggregate stability when compared to a conventional system with a winter fallow. The maize grain 
system including a perennial clover cover crop and established using no-till resulted in the greatest 
improvement to aggregate stability, but was also the system that produced the greatest weed 
population. Results from the trial suggested that the other cover crop systems generated more 
biomass and soil coverage, and as a result were able to supress weeds to the same degree as the 
cultivated treatments.  

This trial highlighted a number of areas that require further investigation to better understand: 

• How to refine management timings and techniques of planting green.  
• The effect of different cover crop termination dates on soil moisture and grain yields.  
• Long-term profitability and environmental implications of improved soil quality with cover 

crops in the maize grain system. 
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Key points 
• The use of mustard and blue lupins as winter cover crops did not lead to greater slug damage

during the establishment of the subsequent maize crop than the use of annual ryegrass
(standard practice in a maize silage rotation).

• There was a greater slug population in the lupin cover crop than in the ryegrass crop.
However, there was less feeding damage evident in the subsequent maize crop.

• Further investigation would need to be carried out to determine if the lupin effect is
repeatable.

• The two common methods of slug population assessments (the soil method and the slug
refuge method) showed different aspects of slug dynamics: the soil method was indicative of
absolute slug numbers and the tile method was indicative of slug activity.

Background 
Slugs are a major pest of strip-till and no-till maize production systems. Their control is costly and 
largely reliant on metaldehyde, an active that has been prohibited in Great Britain (except in 
permanent glass houses) following a UK Expert Committee on Pesticides concluding that 
metaldehyde poses an unacceptable risk to birds and mammals.   

Cover crops provide a range of functions such as weed suppression, organic matter returns, surface 
soil protection and N capture (preventing potential leaching). It has been hypothesised that slugs 
show aversion to certain cover crops (such as mustard and blue lupin), which could limit slug food 
sources and their population in the succeeding maize crop (Allison, 2018). In contrast, cover crops 
could also provide a source of food and shelter for slugs.  

A field experiment was established at the Northern Crop Research Station where maize (Zea mays) 
was established in plots that had previously had one of three cover crops: annual ryegrass (Lolium 
multiflorum) (standard practice), mustard (Sinapis alba) or blue lupins (Lupinus angustifolius). The 
main objectives of the experiment were to:  

• Assess if alternative cover crops such as mustard and blue lupin reduce slug populations
compared with the standard practice of annual ryegrass in a maize silage rotation.

• Assess slug herbivory in maize planted subsequent to the annual ryegrass and alternative
cover crops.

• Compare two common methods of slug population assessment (the soil method and the slug
refuge method).

Methods 

Cover crop treatment details 
Previous crop: Maize silage (Zea mays) cv. PAC343 

Cover crops Annual ryegrass (Lolium multiflorum cv. Tama at 25 kg/ha), blue lupin 
(Lupinus angustifolius cv. unknown at 8 kg/ha) and mustard (Sinapis alba cv. 
unknown at 120 kg/ha) 

Sowing date: 16 April, 2019 



Trial design:  Randomised block design, twelve 20 x 6 m plots 

Fertiliser and lime: None 

Herbicide: 4 October, 2019, 3 L/ha Weedmaster 540® + 100 mL/ha Pulse Penetrant (a.i. 
540g/L glyphosate, Group G herbicide) 

Molluscicide: None 

Harvest date: Desiccated 4 October, 2019 

Slug populations were assessed by soil sampling and refuge boards. Soil sampling, though robust, is 
time consuming and labour intensive. Refuge boards are quick, but numbers of slugs recorded under 
boards is influenced by slug activity and availability of other refuges in addition to slug population 
density. Soil samples were taken at the end of the cover crop cycle before termination (19 
September, 2019) and after the cover crop had been terminated and rolled (17 October, 2019). 
Three 20 x 20 x 20 cm deep soil samples were dug in each plot and numbers and species of slugs 
were recorded. Refuge boards consisted of plywood squares (40 cm x 40 cm), which were placed out 
on the same days as soil samples were taken and left for 12 days. Assessment of slug numbers and 
species were made every four days and boards were moved to a different site within the plot.  

A slug damage maize assessment was carried out on 21 November. In each plot, a metre stick was 
thrown six times arbitrarily into a central sampling zone. The stick was aligned parallel to the drill 
rows, and numbers of established maize plants were recorded. Numbers of plants showing 
characteristic slug damage (typically longitudinal grazing of leaver between leaf veins) were 
recorded. 

Results and Discussion 
Soil samples revealed a low population of slugs (overall mean = 13.5 slugs m2). Over the two sampling 
dates, only 38 slugs were recorded: 32 Deroceras reticulatum and six Deroceras invadens. Slug 
numbers were highest in the blue lupin plots and were significantly greater than numbers in annual 
ryegrass plots (p=0.037). Mustard plots had intermediate populations, not significantly different from 
either lupin or ryegrass (Figure 1). There was a significant increase in slug populations between the 
two sampling dates in the lupins only (P=0.005). 

Figure 1. Mean square root transformed numbers of slugs/m2 at two sampling times (19 September 
and 17 October) using the soil sampling method. LSD = least significant difference, (P = 0.05). 



Slug numbers recorded under the boards were much greater than from soil samples. On the first 
round of sampling, 281 slugs were recorded (260 D. reticulatum, 18 D. invadens, two Milax gagates 
and one Arion hortensis agg.). On the second sampling round, 665 were recorded (622 D. 
reticulatum, 42 D. invadens and one M. gagates). There were no differences between slug activity 
between the ryegrass and cover crops (P=0.082).  

There was no significant correlation between slug numbers measured using the two methods 
(P=0.728 and P=0.831 for the first and second sampling dates, respectively). The methods showed 
different aspects of slug dynamics, with the soil method being indicative of absolute slug numbers 
while the tile method was indicative of activity. In spite of the lack of correlation in absolute 
numbers, both methods recorded fewest slugs in the ryegrass plots (although this was only a 
significant difference for the soil sampling method), and both recorded an increase in slug numbers 
between the two sampling dates (this was significant for the board method (P<0.001) for all crops, 
but was significant in only the lupins for the soil sampling method (P=0.005)). 

There were no significant differences in maize establishment between the standard practice annual 
ryegrass rotation and the alternative cover crops. The percentage of plants showing slug damage was 
high regardless of prior crop, but slug damage was significantly less in lupin plots compared with 
mustard and ryegrass (P=0.023). However, although the incidence of slug grazing was high in all 
plots, the extent of slug grazing on individual plants was slight.  

Summary 
The main findings of this work were that the alternative cover crops did not lead to more slug 
damage in the establishment of the subsequent maize crop. There was no difference between the 
mustard and the ryegrass with regard to either slug numbers or feeding damage in subsequent 
maize. There was some evidence that even though there was a greater slug population in the lupin 
cover crop compared to the ryegrass, there was less feeding damage evident in the subsequent 
maize. Further investigation would need to be carried out to determine if the lupin effect is 
repeatable.  
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Duration  Year 2 of 3 

Authors Diana Mathers (FAR)  

Location  Waikato (national implications for maize growers) 

Funding MPI Sustainable Farming Fund, Genetic Technologies and FAR 

Acknowledgements  New Zealand Institute for Plant & Food Research, trial hosts 

Key points 
• Maize can be seen as a challenging crop with respect to nitrogen (N) management. This view

stems from the crop’s demand for N and some of the management practices for applying N
to the crop.

• The primary objective of this project was a focus on N management and the ability of catch
crops to reduce N leaching and sediment losses under maize silage and grain rotations.

• The results of the survey on grower N management practices for the maize crop indicate
there is considerable room for improvement.

• Improvements to N management for the maize crop are likely to contribute to the crop’s
environmental resilience, more than the utilization of catch crops to mop up N excesses.

Background 
A resilient future for maize growers is dependent on demonstrating that the environmental risks 
associated with the crop are understood and able to be mitigated. Maize can be seen as a 
challenging crop with respect to nitrogen (N) management. This view stems from the crop’s demand 
for N and some of the management practices for applying N to the crop.  The average maize silage 
crop contains about 1.1 % N, 0.2 % phosphorus (P) and 1.2 % potassium (K), so a 20 T DM/ha silage 
crop will take up around 220 kg/ha N, 40 kg/ha P and 240 kg/ha K. 

The primary objective of this project was on N management and the ability of catch crops to reduce 
N leaching and sediment losses under maize silage and grain rotations.  However, consideration of 
the additional values of the catch crop to the farm business were important.  These included yield 
and provision of feed for livestock in terms of its storability and ensilability. 

Methods 
The project comprised of a mix of farmer surveys, on-farm research, innovative implementation, 
demonstration and technology transfer. Trial sites were established in Waikato on commercial farms. 
The trials followed 12 months of activity, beginning with the maize crop followed by the winter catch 
crop. Crop yields for the maize and catch crops were determined at mid-season and final harvests. A 
programme of soil sampling for mineral N and basic minerals was established depending on 
treatments.  

The catch crop treatments included: perennial rye grass, Italian rye grass, plantain + ryegrass, oats 
and fallow ground. The establishment method for the catch crops included, inter-seeding, 
broadcasting and direct drilling. Suction cups were installed at one site to record N leaching losses. 

A farmer survey on N use was designed by Genetic Technologies. 



Results and Discussion 
No experimental results for the maize/catch crop systems were available. 

Preliminary results from survey indicated: 

• There is no consideration to initial soil N status when deciding N fertiliser application.  
• While the majority of growers (84%) base their fertiliser recommendations on soil tests, 

there is still considerable work to encourage the remaining growers to soil test and establish 
whether they really need to apply fertiliser in the first place.  

• There was no yield response to higher than the generally recommended N rates based on 
plant uptake, i.e., farmers applying greater than average plant requirements are not 
necessarily achieving higher maize yields.  

• Considerable education is required in this area, particularly where maize is being grown 
straight after long-term pasture.  

The results of the survey on grower N management practice for the maize crop indicate there is 
considerable room for improvement.   

The environmental risk of N losses from the maize crop can be reduced by following a mass balance 
approach to developing a N plan, which includes soil testing to assess the soil N supply and making 
an informed estimate of the yield. An informed N plan will have benefits for the farm’s profitability 
and the environment. It will not compromise the maize yield and will alleviate the need to mop up N 
excesses with a “catch crop”. 

A resilient future for maize growers is dependent on managing the supply of N to the crop. Mopping 
up excesses is a useful mitigation for circumstances where the planned maize yield has not been 
achieved but, this should be an exception, not standard practice.  

Winter crops following the maize bring value to the system and the focus should be on the crop’s 
attributes for increasing profitability to improve resilience for the farm. All crops are catch crops, so 
the focus on successful establishment is an important feature of the project, especially for grain 
systems where the late harvest can limit the autumn growth period for the winter crop. 

 



Protecting our Groundwater – Measuring and Managing Diffuse Nutrient Losses from 
Cropping Systems  

Project code X18-01 

Duration Year 6 of 7 (2014-2021) 

Authors Diana Mathers (FAR) 

Location National 

Funding MPI Sustainable Farming Fund (from 2014-2017), MfE Fresh water improvement 
fund (from 2018-2021), FAR, VR&I, Environment Canterbury, Hawkes Bay regional 
council, Horizons regional council, Environment Waikato, Auckland regional council. 

Acknowledgements  A total of 11 host farmers, Plant & Food Research 

Key points 
• Drainage water was collected at regular intervals from 12 cropping fluxmeter sites and

nitrogen (N) and phosphorus concentrations were measured.
• Information from the fluxmeter network is being used to understand the environmental risks

associated with cropping and to calibrate Overseer’s crop module.
• Nitrogen losses over the lifetime of the project have been variable, reflecting seasonal

changes and soil and rotation characteristics at the site.
• Knowing the pattern of the losses has been valuable for the host farmers and has stimulated

management changes, including more frequent soil testing and investment in precision
machinery.

• The annual N loss graphs indicate a trend towards reduced losses at most sites.

Background 
A FAR-managed review of Overseer in 2013 recommended collecting a robust dataset of nitrogen (N) 
losses from cropping systems. In 2014, a network of nine fluxmeter sites was installed under mixed 
arable and vegetable systems. A further three sites were added in Year 2, giving a total of 12 farm 
operations with mixed cropping systems. The purpose of the network was to collect drainage, 
nutrient loss and management data from the host sites to inform the cropping sector about the 
environmental risks associated with the system and to provide robust data to calibrate Overseer’s 
crop module. 

As well as collecting nutrient loss data from the host farms, the project had the following additional 
objectives. 

1. To collect data about soil quality under cropping rotations.
2. To understand the role of good management practices in reducing the risk of losses.
3. To continue to work with the Overseer technical team to develop and improve the Overseer

crop module.
4. To work collaboratively with Maori cropping farmers and iwi on issues relating to the

environmental risks associated with cropping systems.

Methods 
At the twelve fluxmeter sites, drainage water was collected at regular intervals and the N and 
phosphorus concentrations were measured. Information about the rotation was also collected, 
including yield and crop management.   

The project does not influence the choice of crop in the rotation, nor the management practices 
being used by the host farmers. The arrangement of the 12 fluxmeters at each site was primarily 
designed to deliver a robust dataset for the site and did not easily support the collection of data from 
replicated trials at the site.  For this reason, it is not possible to compare the effect of different 
management practices at individual sites. 



Objectives relating to good management practices, Overseer and Maori engagement rely on one on 
one engagement with farmers. 

Results 

Annual nitrogen losses from the host sites 
Across the fluxmeter sites, annual nitrate-N losses (the predominant form of mineral N) ranged from: 

Year 1, <1 to 235 kg N/ha, 6 to 34 mgN/L in drainage water 
Year 2, 2 to 172 kg N/ha, 15 to 50 mgN/L in drainage water 
Year 3, 31 to 192 kg N/ha, 6 to 69 mgN/L in drainage water 
Year 4, 14 to 218 kg N/ha, 54 to 24 mgN/L in drainage water 
Year 5, 1 to 105 kg N/ha, 1 to 30 mgN/L in drainage water 
Year 6, (part-year) <1 to 113 kg N/ha, 1 to 55mgN/L in drainage water 

Figure 1. Annual nitrogen (N) losses (Kg/ha) from twelve fluxmeter sites (1-12) over a six-year period. 

Figure 2. Nitrogen (N) concentration in the drainage water at twelve fluxmeter sites (1-12) over a six-
year period. 

High net losses were associated with high drainage volumes and high nitrate-N concentrations in 
drainage water. In most cases, drainage losses occurred during the late autumn, winter and/or early 
spring months when rainfall and soil moisture content were highest.  
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At some sites, soil mineral N was high (150 kgN/ha), which represents a high risk of loss at the next 
drainage event. 

Annual phosphorus losses from the host sites 
Across the fluxmeter sites, annual phosphorus losses ranged from: 

Year 1, <0.05 to 0.59 kg P/ha, 0.09 to 0.88 mg P/L in drainage water 
Year 2, <0.05 to 0.28 kg P/ha, 0.02 to 0.48 mg P/L in drainage water 
Year 3, 0.08 to 0.53 kg P/ha, 0.01to 0.37 mg P/L in drainage water 
Year 4, <0.05 to 0.27 kg P/ha, 0.01 to 0.19 mg P/L in drainage water 
Year 5, <0.05 to 0.28 kg P/ha, 0.01 to 0.13mg P/L in drainage water 
Year 6, (part-year)  0.05 to 0.42 kg P/ha, 0.01 to 0.24 mg P/L in drainage water 

Figure 3. Annual P losses (KgP/ha) from twelve fluxmeter sites (1-12) over a six-year period. 

These results represent fairly small net losses, of which the majority (50–95%) were in the dissolved 
reactive form (DRP) in the drainage water. At some sites, soil Olsen P concentrations were very high, 
well above recommended sufficiency rates for crops. The relationship between Olsen P levels and P 
losses in the drainage water is not clear. For example, the Olsen P for one site was 22 mg/L and the 
average P loss in the monitoring period was 0.29 kgP/ha/year compared to an Olsen P of 150 mg/L 
and an average P loss of 0.09 mg/L at site 11. Environmental risks associated with high Olsen P levels 
are associated with soil and sediment movement during run-off events.  

Discussion 
The results demonstrate how variable N losses can be from cropping systems, with differences 
relating to the season and soil and rotation characteristics of the site. Knowing the pattern of the 
losses has been valuable for the host farmers as it has stimulated thinking about N management.  
Some growers have changed their N management by using the Quick Test N strips to measure soil N 
concentration and others have invested in precision equipment for fertiliser applications. It is too 
soon to prove that improved management has contributed to permanent reductions in leaching 
losses, but the annual loss graphs indicate a trend for reduced losses at most sites.   

A high concentration of N in the drainage water can be an indication of high mineral N levels in the 
soil. Mineral N levels exceeding the crop’s requirements are an environmental risk when drainage 
occurs. N might not be immediately lost from the soil, but if it moves below the active root zone it is 
not available to the crop. Growers can manage this risk by assessing where the N is in the soil profile 
by soil testing, and choosing deep-rooted catch-crops next in the rotation to access the N below the 
shallow-root zone.  
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Reducing sediment loss from winter crops 

Project code X18-03 

Duration Year 2 of 3  

Authors Diana Mathers (FAR)   

Location Hawkes Bay and Manawatu 

Funding MPI Sustainable Farming Fund, Hawkes Bay Regional Council, Horizons Regional 
Council, Ravensdown, Farmlands, DairyNZ and FAR 

Acknowledgements Trial hosts, AgFirst, New Zealand Institute for Plant & Food Research 

Key points 
• The objective of this project was to test the effectiveness of winter catch crops on the

mitigation of sediment losses from summer dry, medium slope sheep and beef systems.
• The catch crop treatments tested were oats and Italian ryegrass sown in late autumn.
• The trial site received below average rainfall and there were no large winter rainfall events.
• Sediment run-off from cropping systems with catch crops was 30-38 % less than with the

fallow treatment, although this difference was not significantly different. Results are likely to
be highly variable between years relating to the seasonal weather patterns. Slope and soil
condition are also important.

• At a farm system level, catch crops planted to reduce sediment run-off were profitable. The
modelled net benefit for the catch crop scenario was $6894, compared with the fallow
scenario.

• Overseer modelling showed a small reduction in N losses from the catch crop scenario.
However, because of the variability of Overseer, we cannot be confident in there being a
difference between the two scenarios.

Background 
Sediment can have major environmental impacts on freshwater quality, and is consequently 
becoming of greater concern to communities and regional councils as catchment planning moves 
into the hill country. Hawke’s Bay Regional Council estimates that sediment losses from agriculture 
can account for up to 30% of the sediment in regional rivers and waterways. Furthermore, nitrogen 
(N) leaching losses from winter cropping are typically significantly higher than surrounding pasture
(Monaghan et al. 2007) and are likely to also contribute significant amounts of sediment to
surrounding water bodies.

As farmers try to maintain on-farm profitability they have introduced high yielding forage crops into 
their systems to give better utilisation of spring pastures, but a higher yielding crop enables higher 
stocking rates and an increased risk of soil damage and sediment movement. 

The aim of the project was to test the effectiveness of winter catch crops to mitigate sediment losses 
from medium sloping grazing systems. 

Methods 
Three trial sites were set up across the Hawke’s Bay and Manawatu regions. At the Poukawa site in 
Hawkes Bay (slope 28–30 degrees) a fully replicated trial with run-off collection equipment was 
established. The equipment was capable of collecting and measuring run-off in real-time. The catch 
crop treatments tested were oats and Italian ryegrass (broadcast-sown in late autumn), which were 
compared with a fallow control. The other two hill country sites, one in Hawke’s Bay and the other at 
Marton, in the Manawatu, had simplified sediment trapping systems installed. At these sites, losses 
from fallow soil were compared with losses from Italian ryegrass sites.  



Measurements, modelling and data collection included: 

• Rainfall, air temperature and soil temperature.
• Basic soil test results after grazing.
• Continuous measurement of water and sediment run-off from each plot during winter and

spring.
• Total volume of soil and water.
• In the water run-off; total Phosphorus (P), dissolved reactive P (DRP), particulate P, and total

P and total C.
• In the sediment run-off; total P, total N and total C

A farm system modelling exercise using Farmax and Overseer® was performed to estimate the farm 
system productivity and environmental outcomes from a winter crop followed by a catch crop. This 
scenario was compared with a standard winter crop–fallow rotation. 

Results and Discussion 

The Poukawa Site   
Rainfall: The total amount of rainfall collected over a five-month period, at the site was 296 mm, 59 
mm less than long-term average rainfall for the site (Table 1). Large rainfall events are often 
expected during August and September, but these were significantly less frequent compared with 
the previous year. 

Table 1. Poukawa rainfall data, 2019. 

May Jun Jul Aug Sep Total Average 

Rainfall (mm) 14 84 97 28 73 296 59 

Long-term mean (mm) 57 77 101 60 60 355 71 

Variation from mean (%) -75% 8% -4% -53% 18% -17%
Variation form previously recorded 
max (mm) -69 -50 -8 -129 -117

Variation from previously recorded 
min (mm) -10 46 64 -18 47 

Average daily air temperatures ranged from 5.2–19.7 °C within the measurement period. June was 
recorded as the coolest month, but was approximately 1°C warmer than the long-term mean. 

By mid-October, the amount of soil in the run-off traps was equivalent to a total of between 63 and 
101 kg dry soil/ha. The greatest amount of loss was in the fallow treatment. Total soil loss by catch 
crops of either Italian ryegrass or oats was 30–38% less than in fallow, but the differences were not 
statistically significant (data not shown). 

Overall, soil run-off losses were low compared with previous studies, probably because there were 
no large winter rainfall events. In addition, stocking rate was low, there was a low level of soil 
pugging following the autumn grazing, and a high level of kale residual with root systems providing 
structural support. Catch crops did not significantly affect the volumes of water run-off that occurred 
from the plots.   

Farmax and Overseer modelling 
Farmax and Overseer were used to estimate the productivity and environmental outcomes from a 
winter crop followed by a catch crop compared with a standard winter crop–fallow rotation (Table 
2).  Field crop data from the trial sites were used to inform the models. To estimate the economic 
value of the catch crops, two Farmax scenarios were run, one without a catch crop (i.e. fallow), and 
the other with a catch crop that was sown in early July and grazed over August and September. 



Overseer scenarios were then run depicting the simulated nutrient losses of N and P to water of both 
simulated systems. 

The base model for the Farmax exercise was derived from the Beef + Lamb NZ East Coast North 
Island (ENI) Hill Country Class 4 model. This hypothetical farm represents a 530ha property wintering 
5,000 stock units.   

Table 2. Farmax and Overseer modelling estimates for farm systems with and without a catch crop. 

Summer Dry Medium 
Hill Base 

Summer Dry Medium Hill 
With Catch Crop 

Farmax 
Difference 

Gross Margin ($) 364,338 371,232 6,894 

Gross Margin ($/ha) $687 $700 13 

N loss to water (kg/ha) 19.7 18.6 

P loss (kg/ha) 0.45 0.45 

Summary 
In the 2019-2020 season, soil run-off losses at the trial sites were low when compared with previous 
seasons. These nil/minimal losses were probably related to the low stocking rates in the autumn, 
with minimal pugging and the overall dry conditions.  

There was tentative evidence that a catch crop may provide effective soil protection, a catch crop 
resulting in a lower amount of sediment that ran off this hill-country cropping system. However, this 
protection was not statistically significant. Results are likely to be highly variable between years 
relating to seasonal weather and will also depend on slope and pugging.  

Catch crops can provide a valuable source of feed for animals. Oat yields in spring were measured at 
1.9 t DM/ha and Italian ryegrass yielded 2.4 t DM/ha at the Poukawa site. At a farm system level, 
catch crops established for the purposes of reducing sediment run-off can also be profitable for 
farmers with a modelled net benefit of $6,894 under the catch crop scenario.   

Overseer modelling indicated total farm losses (530 ha) were 823 kg N/year less in the catch crop 
system compared with the fallow system, but this value was not significantly different from the 
fallow scenario because of the variability associated with the Overseer number. 
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Farmer interface for physiographic environments 

Project code X18-04 

Duration  Year 2 of 3  

Author  Diana Mathers   

Funding MPI Sustainable Farming Fund, FAR 

Acknowledgements  Southland Institute of Technology students, led by Brendon Lines. 

Key points 
• Physiographic science explains ‘how’ and ‘why’ water quality varies across New Zealand.
• Many regional councils have the physiographic information about the climate, geology and

soils in their regions and this is a useful resource to help farmers understand and manage the
environmental risks on their farms.

• This project is developing a platform/tool to enable farmers to access this information for
their farm environment planning.

• The platform prototype has been developed and tested.

Background 
Physiographic science is about the influence of the landscape, climate, geology and soils on water 
quality. It explains ‘how’ and ‘why’ water quality varies across New Zealand.  

Physiographic Environments of New Zealand (PENZ) researchers are using national and regional 
water composition and quality data sets and existing geospatial layers to map and numerically model 
the processes that control the spatial variability of water. The method brings together data for 
climate, topography, geology, soils, and hydrological controls with analytical chemistry at a national 
scale.   

The primary aim of this project was to develop a web-based spatial platform for farmers to access 
physiographic science for their farms to better inform their farm environment plans. The project 
team worked directly with farmers and primary industry groups to develop this tool and it is 
intended that it will be used by individual farmers and farmer-led catchment groups. An effective 
tool will enable farmers and land managers to make informed land use decisions to optimise their 
natural capital and minimise the impacts of their land use on the environment. 

Methods  
The approach for the project was to: 

• Design the functionality of a web-based educational spatial platform.
• Develop the open-source, web-based spatial platform with functionality for farmers and

industry groups.
• Develop and test a prototype tool.
• Work with industry consultants with expertise in farm management solutions to develop

case studies to explain ‘how’ and ‘why’ landscape attributes influence water quality,
productivity, and sustainability outcome.

• Enable access to national high-resolution datasets to support the utility of the platform for
industry and farmers throughout New Zealand.

Results  
The portal was developed. Its primary focus is on the mapping that Land & Water Science provides to 
identify the inherent susceptibility of contaminants and the pathway they are lost from. This is 
supported by a library of actions, which the farmer can use to match mitigation and management 
actions to locations on their properties. 



Case study examples were prepared to highlight the ease with which users can access this 
information and answers to frequently asked questions were developed. These questions and 
answers are related to water quality, hydrology, and chemical processes and will enable users to 
investigate the science behind the maps to the level that is most useful for their purposes.   

It has been recognised that some users will want a lot of detail while others will only be interested in 
the maps and how to use them.  

A “mockup” for the home page includes three sections: 

• A search function to get a list of actions most appropriate for the setting the user has
identified in the maps section.

• An action library, which provides more detail on each action from the table above. Case
studies of people putting these actions in to practice will go here.

• General management practices – things we should know already.

The platform was demonstrated to Southland arable farmers at an ARG in 2020. 

Summary  
This tool has the potential to improve farm environment plan processes by enabling farmers to 
access specific physiographic information for their farms. 

A focus on the farm’s critical source areas supports efficiencies in managing nutrient and sediment 
losses from these vulnerable parts of the farm.   



Environmental benefits of Arable Feeds 

Project code X18-20 

Duration Year 2 of 2  

Authors: Diana Mathers (FAR)  

Location  National  

Funding MPI Sustainable Farming Fund, FAR 

Acknowledgements  Lincoln University, four case study dairy farmers 

Key points 
• Modelling offers an efficient way to examine the effects of inter-related factors using actual

farm data.
• In this project, the model MINDY was used to simulate the effects of arable supplements in

the dairy diet to reduce methane (CH4) and urinary nitrogen (UN). Both can be
environmental pollutants.

• Case study dairy farms with mixed diets were compared with a standard pasture-based
example.

• In early lactation, and on average, the case study farms produced 5 % more milk solids,
excreted 4 % less UN and emitted 20 % less CH4 per cow per day than the pasture-based
example.

• In late lactation and on average, the case study farms produced 5 % more milk solids,
excreted 56 % less UN and emitted 3 % less CH4 per cow per day than the pasture-based
example.

Background 
New Zealand dairy production systems are under increasing societal scrutiny to minimise their 
environmental footprint and pressure has been placed on farmers to reduce nutrient losses to fresh 
water and greenhouse gasses. Urinary nitrogen (UN) and methane (CH4) are intimately linked
(Gregorini et al 2016), and often efforts to mitigate one results in increased production of the other. 
This phenomenon is known as pollution swapping, and this adds complexity to the effort farmers are 
making to reduce their environmental impacts. Recent reports suggest that feeding high-energy 
supplements, such as grains or whole crop-silage, could reduce not only UN but also CH4 whilst 
maintaining or increasing milk production. 

MINDY is a deterministic, mechanistic, and dynamic model of a ruminant representing diurnal 
patterns of ingestion, digestion, metabolism, and production. Simulation modelling is a low cost and 
time effective tool to evaluate many feed combinations and the effect different feeding management 
strategies might have on milk solid production, UN and CH4. Using the MINDY model, this project 
simulated four case study dairy farms with differing feed strategies and management. The data from 
these farms were compared with a factorial arrangement of different feeding managements, 
including cereal silage and grains in the diet, and a scenario representing a “typical” NZ dairy farm. 

Methods 

Feeding management simulation 
A factorial arrangement of four feeding management factors was simulated. The factors were: 

• pasture allowance (15, 20, 25 and 30 kg pasture DM /cow per day);
• timing of pasture allocation (after either AM or PM milking);
• supplement type (maize silage, maize grain, cereal silage, and barley grain);
• timing of supplement feeding (AM or PM milking).

In addition, pasture only treatments were included in the modelling simulations. 



Supplements on the Case Study Farms 
Hawkes Bay: 3 kg DDG compound, 3 kg maize silage, and 2 kg of barley in early 

lactation 

3 kg DDG compound, 3 kg maize silage/grass silage and 1 kg of barley 
in late lactation 

Taranaki crop herd: 4 kg DM/d of maize silage on a feed pad after milking in early 
lactation 

7 kg DM/cow/d pasture and 3 kg DM/cow/d of kale in late lactation 

Taranaki purchased herd: 3 kg maize silage and 2 kg of PKE in early lactation 

Canterbury:  Wheat or barley, 2 kg DM/d 

Southland: 3 kg DM/d of barley in early lactation 

Fodder beet (12 kg DM/d/cow) and 4 kg cereal silage in late lactation 

This arrangement created 72 treatments that were applied to MINDY.  The modelling was initialized 
as a typical multiparous NZ Friesian cow (500 kg) in early and late lactation, being strip-grazed on a 
perennial-ryegrass based sward (80 % Lolium perenne L. and 20 % Trifolium repens L.) in the Waikato 
region. Pre-grazing sward mass was simulated as 3000 kg DM/ha and sward surface height (extended 
tiller) was 30cm. MINDY was allocated barley grain (3.0 kg DM/ d), maize grain (2.74 kg DM/d), maize 
silage (3.62 kg DM/ d), and cereal silage (3.68 kg DM/d) to keep the same ME allocation at each level 
of herbage allowance. Simulations spanned 30 days in each early and late lactation. The four case 
study farms were incorporated using information about the herd, the diet and management 
practices which was collected from the farmers. 

Results 
For the early lactation example, compared to the pasture-based system, where 30 kg DM/d/cow 
herbage allowance allocated after the morning milking, the case study farms, on average produced 5 
% more milk solids, excreted 4 % less UN and emitted 20 % less CH4. In late lactation, compared to 
the pasture-based system, on average the case study farms produced 5 % more milk solids, excreted 
56 % less UN and emitted 3 % less CH4 per cow per day.  

Summary 
The two modelling exercises completed in Year 1 and Year 2 support the addition of high-energy 
supplements, such as maize, barley or whole crop maize or cereal silage, in the dairy diet to improve 
milk production while reducing UN excretions and CH4 emissions. This is an important result for dairy 
farmers as it offers them the opportunity to use feed strategies that incorporate arable crops to 
reduce their environmental footprints. There is a good opportunity for the arable and dairy sectors to 
work together for their mutual benefit. 

References 
Gregorini, P, Dalley, D, Beukes, P, and Romera, A J (2016). Screening for diets that reduce urinary 
nitrogen excretion and methane emissions while maintaining or increasing production by dairy cows. 
Science of the Total Environment 551-552: 32-41.   



Cadmium uptake 

Project code X18-36 

Duration Year 2 of 3 (PhD studentship)  

Author Nilusha Ubeynarayana (Massey University)  

Funding Fertiliser Association NZ, FAR (as a participant of the Cadmium Management Group) 

Key points 
• Cadmium (Cd) is a key environmental contaminant associated with long-term high

application rates of superphosphate fertilizer to soils.
• Elevated levels of Cd in New Zealand soils can lead to high concentrations of Cd

concentration in forage species such as chicory and plantain.
• This PhD study aims to improve understanding of the Cd uptake mechanisms in chicory and

plantain.
• Reports on research progress are available to growers on request, with the PhD due to be

completed in 2021.

Background 
Cadmium (Cd) is a key environmental contaminant associated with long-term high application rates 
of superphosphate fertilizer to soils. Although cadmium is considered to be a non-essential element 
for plants, it is effectively absorbed by the root systems of many plant species and can be 
subsequently transported throughout the plant. Recent studies indicate that elevated levels of Cd in 
New Zealand soils can lead to a cadmium concentration in forage species such as chicory (Cichorium 
intybus L) and plantain (Plantago lanceolate L) that is orders of magnitude higher than in ryegrass or 
clover. The results of such studies suggest the different abilities of pastoral species used in New 
Zealand to both absorb Cd from soils and to translocate it from roots to shoots. However, there have 
been no studies published on the Cd uptake mechanisms of common forage species used in New 
Zealand agriculture. Ongoing research into rhizosphere chemistry and Cd uptake mechanisms of such 
species will help better understand the species and cultivar variations in Cd uptake, and associated 
rhizosphere soil functions.  

The following research requirements have been identified to improve understanding of the Cd 
uptake mechanisms in chicory and plantain: 

• Determine the effect of Cd2+ concentration in rhizosphere soil on the type and quantity of
root exudate secretion of chicory and plantain.

• Identify the root-secreted low molecular weight organic acids which influence Cd uptake in
chicory and plantain.

• Develop a Cd2+ measuring electrode to quantify low concentrations of Cd species in the
xylem sap.

• Determine the effect of Cd2+ concentration in rhizosphere soil on forms and quantity of Cd in
xylem sap.

Results and Discussion 
A report delivered to FAR in February, 2019 described the following research activities and 
outcomes:  

• Analysis of the effect of different levels of soil Cd on the type and quantity of root exudate
low molecular weight organic acid secretion by chicory and plantain.

• Development of a Cd ion specific electrode for determination of free Cd2+ ions in plant saps.

A current report provided to FAR explains the following research components of Year 2 activities: 
• Application of further modifications to decrease the lower detection limit of a Cd-ion specific

electrode.
• Analysis of complexation of Cd with low molecular weight organic acids in xylem fluid of

chicory and plantain.



The PhD project is due to finish in 2021. FAR and Fertiliser Association NZ will have access to the full 
report which will aid farmers in understanding how best to manage cadmium uptake in crops and 
forages. 



SMART Tools and Tips 

Project code X18-44 

Duration  Year 2 of 2 

Author  Diana Mathers (FAR) 

Location:  National 

Funding: MPI Sustainable Farming Fund, FAR and others (unknown) 

Acknowledgements  Irrigation Service Companies and irrigators 

Key points 
• There are regulatory requirements for growers to demonstrate good farming practices for

maintaining their irrigators and managing their irrigation applications.
• There are significant barriers for the adoption of good irrigation practice.
• To support improvement, the irrigation service industry must strengthen partnerships with

their customers to provide appropriate advice and tools.

Background 
Irrigation good farming practice (GFP) has increasingly become the bottom-line for irrigators to 
maintain their social licence to operate and many Regional Councils are using regulatory means to 
increase the accountability of irrigators for their irrigation decisions. 

In this project, Irrigation New Zealand (INZ) has worked alongside irrigators and the irrigation service 
industry to develop training programmes to ensure good irrigation practice is better understood and 
implemented.   

Methods 
In Year 1, workshops were conducted with irrigators across the major irrigation regions including 
Central Otago, Canterbury, Marlborough, Tasman, Hawkes Bay and Bay of Plenty.  In total, 337 
irrigators attended 21 workshops or training days. An additional two workshops were conducted 
with the scheme environmental managers and individuals from the service industry.  

Following the workshops, two workstreams were developed: 

1. The “Irrigator Knowledge” workstream focuses on upskilling farmers about good farming
practice and INZ has developed an online learning platform with training courses for
irrigation efficiency and system performance evaluation. The platform was piloted in
Canterbury and Hawkes Bay. Specific modules included: irrigation scheduling, bucket testing
and operation and maintenance.

2. A training programme for service professionals on irrigation technologies to assist irrigators
to meet GFP.

An awareness campaign to promote INZ accredited companies was developed.  

Results  
The seven key barriers preventing adoption of good farming practice were identified as: 

1. A lack of trusted independent advisors (service);
2. A poor understanding in the service industries of new environmental requirements (service);
3. A focus in the service industry on sales and not service (service);
4. Lack of support, which means that although the majority of irrigators recognise the need for

and benefits of change, they often reject new approaches and technologies (irrigator &
service);

5. Productivity gains and operation cost reductions provide significant incentives for change,
but the trust and support issues can frequently stifle these (irrigator & service);



6. Many irrigators have only a limited understanding of their irrigation systems performance
alongside how to schedule their irrigation applications (irrigator);

7. Capital investment required for change can be a barrier, particularly when there is regulatory
uncertainty (regulator).

Based on these barriers, INZ focused the project to address two key issues: 1. Irrigator knowledge via 
the Irrigator Knowledge” workstream; and 2. upskilling the service industry on technologies that 
assist irrigators to achieve good farming practice.  

The Irrigation Scheduling module went live in September 2018. Training days in both Canterbury and 
Hawkes Bay and performance evaluations were delivered through the summer student programmes 
in 2018-2019.  It was found that growers were using technologies such as soil moisture monitoring 
but often did not understand the results. In addition, many were not undertaking regular irrigator 
maintenance resulting in slippage in performance. Training to upskill the Irrigation Service Industry 
were carried out in Taupo and Ashburton in early September 2019. 

An Operation Maintenance module was uploaded in August 2019. The Irrigation Development 
module was uploaded in June 2020. The Bucket Testing Modules were removed from the platform as 
The New Zealand Piped Irrigation System Performance Code of Practice 2015 requires updating. The 
INZ Bucket Test App requires further improvements to improve functionality.   

Summary 
The project concluded: 

• There is a lack of trust toward the irrigation service companies and technologies because of
past failings. This is improving but will take time to rebuild as the industry upskills and
continues to shift from a sales model to a service model. Irrigation development has largely
ceased in New Zealand, so slower growth will support a stronger focus on service.

• Irrigation service companies did not think they had a significant role to play in environmental
regulation. However, recognition of their role in supporting their clients to meet
environmental performance requirements and resource consent conditions was increasing.

• The majority of irrigators recognised the need for and benefits of change but often rejected
new approaches and technologies because of a lack of knowledge or cost.

• Many irrigators had a limited understanding of their irrigation system’s performance and
how to schedule their irrigation applications.

• The on-line learning platform allowed irrigators to access training when they wanted from
their office or home rather than having to wait until a training day is hosted in their area. The
bucket test work raised awareness with farmers in Canterbury and Hawkes Bay of the
importance of system testing and maintenance.

• The regulatory environment continues to change.  The requirement for Farm Plans is
increasing and these must demonstrate good irrigation management practices. Councils are
imposing plan changes requiring more stringent rules around irrigation development and
ongoing system performance monitoring.

Irrigation NZ continues to encourage and support farmers to develop good irrigation practices with 
training programmes for irrigation scheduling, system performance and maintenance. These are 
freely available to INZ members. Irrigation NZ also provides Accreditation Programmes for service 
companies so that farmers know they are engaging trained and trusted service providers and advice 
and training to regulators to ensure appropriate standard setting for irrigators. 



Building Trust - Telling the Story 

Project code X18-45 

Duration Year 2 of 2 

Authors Diana Mathers (FAR)  

Location Lower Waitaki catchment in North Otago and South Canterbury 

Funding MPI Sustainable Farming Fund, Environment Canterbury, Canterbury irrigation 
schemes and primary sector groups  

Acknowledgements  Waitaki Irrigators Collective 

Key points 
• New Zealand is moving towards a more highly-regulated system of water and land-use

management under regional plans and policy statements.
• Farmers are developing farm environment plans to demonstrate their understanding and

management of environmental risks on their farms.
• The project objective is to build trust in farmer’s ability to manage their water resources by

developing engaging resources to tell the story about how water is used on-farm, from the
crop to the final product.

• After the first year, the project scope was revised to tighten its focus from two catchments to
one, the Waitaki catchment provided this focus: it represents six irrigation schemes with 600
irrigators and 80,000 ha of irrigated land.

• The Waitaki catchment already has a rich dataset in place that is ideal for the development
of a public information platform. The dataset draws from a number of existing environmental
and cultural health programmes.

Background 
New Zealand is moving towards a more highly-regulated system of water and land-use management 
under regional plans and policy statements which set limits for freshwater quality and quantity.   

Farmers are developing farm environment plans to identify management practices to reduce the 
environmental risks on their farms, but there is a need to demonstrate the links between changes in 
farm practices and environmental outcomes. Irrigation schemes are embedding these farm planning 
processes into environmental management strategies, which include single farms and multi-farm 
businesses. 

Environmental data are currently being collected by irrigators, irrigation schemes and regional 
councils, and there is an opportunity to collate and analyse this to tell an honest and credible story 
about freshwater management in a timely, easy-to-understand and engaging way. 

The aim of the project was to build trust between the irrigation sector, regional councils and the 
wider community through increasing understanding and awareness of changing farm practices and 
environmental outcomes. To do this, the project developed resources that tell stories about water 
management, irrigation and the monetary values provided, from the river to plate.  

Methods 
This project developed an online interface for the public, councils, and water-users to chart water 
use, water quality and other environmental outcomes. The focus was on the Lower Waitaki 
catchment in North Otago and South Canterbury, with the intention that the end product would be 
transferable to other catchments.  

The Waitaki catchment has six irrigation schemes and a large number of independent irrigators, who 
have joined together to form the Waitaki Irrigators Collective (WIC). WIC represents over 600 
irrigators and around 80,000 ha of irrigated land, and collectively has adopted audited self-
management through the use of farm environment plans. The WIC has been monitoring water 



quality extensively for a number of years. Water quality monitoring is also regularly undertaken by 
the Otago Regional Council and Environmental Canterbury and NIWA. Cultural-health index 
monitoring for the entire catchment is undertaken by ngā rūnanga of Moeraki, Arowhenua, and 
Waihao. 

This project aimed to align these work programmes and to collate and shape data, rather than collect 
it. Initially, it aimed to provide an easy-to-understand analysis of what was happening on farms and 
in water bodies and how irrigators are attempting to address the trends seen in the catchment. 

Results and Discussion 
In June 2019, Irrigation New Zealand (INZ) undertook a review of the project, for reasons including: 

• Reduced INZ staff resourcing and slower project progress.

• A lack of clarity as to what community stakeholders would want out of the project.

• Potential risks in relation to the creation of a large data network or system and a subsequent
information portal that may not be financially sustainable in the future beyond the life of the
project.

• The pace of policy and technology development in this area superseding some of the drivers
of the project (such as National Environmental Standards, Integrated Farm Planning, national
principles for good farming practice, and the benchmarking and catchment-scale modelling
available under OverseerFM).

After consultation with project partners, it was decided to use the Waitaki catchment as the primary 
project focus. Two workshops were held with Waitaki Irrigators Collective and it was agreed that 
there was scope to tell an effective catchment story based on the extensive monitoring programmes 
being undertaken across the catchment. Environmental projects from a number of environmental 
enhancement projects and an assessment of the cultural health of the catchment by local rūnanga 
were included.  

All irrigation schemes have well-established Environmental Management Systems in place, including 
farm environment plans and audited self-management processes. This rich dataset was ideal for 
development into a public information platform. 

It was also agreed that there was a potential to align Otago Regional Council’s GIS data system, 
ECan’s Data Visualisation Project, and the Building Trust project.    

Following the workshops, an analysis of the data requirements was undertaken. A number of 
information technology options were explored, and a company based in Dunedin was approached to 
gauge their experience, expertise and capability. The project team’s expectation is that once a 
service provider is engaged, there will be no delivery delays and the project will be completed by 
mid-2020, as was originally proposed. 

A key risk has been identified around the longevity of the end product and its ongoing funding. 
Options are being discussed to resolve this risk.  

Summary 
The main output of this project will be a selection of resources that build community trust in the way 
water is managed on the farm. The project is focusing on the Waitaki catchment and its irrigation 
schemes. It aims to create a product that has long-term sustainability beyond the life of the funded 
project. 



Quick Test Champions: the extension programme for the Nitrogen – Measure it and 
Manage it Project 

Project code X19-08 

Duration Year 1 of 1  

Author Diana Mathers (FAR)   

Location National 

Funding MPI Sustainable Farming Fund, Waikato Regional Council, FAR and VR&I 

Acknowledgements  New Zealand Institute for Plant & Food Research, Mike Parker, QT champion 
farmers 

Key points 
• The Quick Test Mass Balance (QTMB) Tool and User Guide support the good management

practice for nutrient management by enabling growers to a make informed fertiliser
decisions for their crops.

• An extension programme was developed to build confidence in the QT process. Six arable
and vegetable farmers used the nitrogen (N) strips in spring to inform side-dressing
decisions.

• The strip results revealed a range of soil mineral N levels from very low, < 10kgN/ha, to very
high,> 300kgN/ha.

• Interpreting the strip result and formulating a fertiliser decision is the most important part of
the process.

• This project has updated the QTMB user tool from a spreadsheet to an interactive web-page.
The user guide has been updated to reflect questions from the ‘Champion’ users.

Background 
The Quick Test Mass Balance (QTMB) Tool and User Guide was successfully developed by the MPI 
Sustainable Farming Fund ‘Nitrogen-Measure it and Manage it’ project. The Tool supports the good 
management practice for nutrient management by enabling growers to assess the soil nitrogen (N) 
supply with N test strips, and to make informed fertiliser decisions for their crops at any point in the 
growth cycle.  

In the three-year programme of work, the QTMB process was robustly checked through an 
experimental programme of work and we are confident that the process can inform fertiliser 
decisions. However, its practical application has not been widely tested in commercial situations and 
the original project was limited in its range of crops. For example, forage crops were not included. 

The project team’s wish was that the QTMB Tool lived on beyond the life of the ‘Nitrogen-Measure it 
and Manage it’ project and an extension project was developed.  

The programme had three objectives: 

1. To develop an extension process to support the adoption of the QTMB Tool and User Guide
by arable, vegetable and forage cropping farmers.

2. To increase the current range of crops in the Tool for which N demand information is
provided.

3. To increase accessibility to the Tool by developing an interactive web-page.

Methods 
Our extension plan was to engage with key growers, rural professionals and regional council land 
managers to form a strong base of knowledge and confidence about the (QTMB) process. These were 
our “Quick Test Champions”. Their role was to advise and provide support to those growers who 



wished to test this fertiliser-decision process. Confidence was built by demonstrating the QT process 
in the field. 

Results  
Over the late spring/early summer period, six visits were made to our QT champions. The visits were 
timed to match when side-dressing decisions were being considered for the crop in the ground or 
following a recent harvest, before the next crop was to be planted. 

Our QT champions included arable growers growing maize, ryegrass seed and forage brassicas, and 
vegetable growers, growing potatoes, broccoli and a diverse mix of short rotation crops, including 
unusual crops, like globe artichokes and pak choy. 

At the visits, we demonstrated how and where to collect the soil samples and how to prepare the 
collected soil for testing. Once the soil was prepared, we demonstrated how to use the strips and the 
QT Tool to interpret the strip results.  

Across the six sites, varying levels of soil nitrate were found. These ranged from very low, <10kgN/ha, 
to very high, > 300kgN/ha. The soil nitrate levels steered our discussions with the farmers about their 
fertiliser decisions.   

Summary 
Soils with low nitrate levels give the easiest fertiliser decisions. Farmers were often surprised at the 
low levels and were pleased to be able to confirm that additional N was required to maintain the 
growth of their crop. In the case of soils with the highest nitrate levels, the results confirmed the 
decision that no additional fertiliser was required and where there was a likely excess after the crop 
was harvested, the farmer was encouraged to test again before the next crop was planted. Soils with 
middle of the range soil nitrate levels sparked discussions about if and when more fertiliser was 
needed.   

In situations where there was sufficient nitrate, or slightly more than the crop needed, growers must 
decide on a decision process for their fertiliser requirements. In these circumstances, planned side-
dressings can be delayed for several weeks with a further QT completed to re-confirm soil N levels.  
Some growers were not confident about cutting back on their fertiliser plans but thought they may 
run their own trials. In these cases, small parts of the crop could be managed with a QT fertiliser 
decision, with yield comparisons between the two fertiliser approaches made at the end.  

Overall, all of our QT champions could see the merit in QT process but as with all new tools, growers 
will need to gain confidence in their results and develop decision making processes that are 
acceptable for their production targets. 



Comparison of winter cropping dry matter production, feed quality and harvesting date in 
a maize silage rotation 

Project code X19-32 

Duration  Year 2 of 2 

Authors Sam McDougall, Diana Mathers (FAR)  

Location  Northern Crop Research Site, Tamahere, Waikato 

Funding FAR 

Acknowledgements  John Austin Limited 

Key points 
• Yields produced by the various winter crops ranged from annual ryegrass (5.8 t DM/ha) to

triticale (16.7 t DM/ha), respectively.
• Days between planting and harvest ranged from 161 for annual ryegrass to 238 days for

triticale.
• Triticale harvested at whole crop stage produced the greatest yields, but the 13 December

harvest date compromised the following maize silage crop.
• Green chop oats produced the second greatest yields (12.4 t DM/ha), but had some of the

poorer feed quality results. Annual ryegrass produced the lowest yields (5.8 t DM/ha), but
produced some of the best feed quality results.

Background 
Maize growers are seeking ways to improve their systems by selecting winter crops and management 
practices to reduce their environmental risks and improve their financial outcomes. Annual ryegrass 
(Lolium multiflorum) commonly follows a maize silage crop because it is reliable and provides high 
feed quality with relatively straight forward management, but there are other options for the winter 
phase of the rotation including winter cereals and cereal silages.   

Winter cereal crops can complement maize silage systems, but the feed quality associated with 
different harvest stages is not well known. Cereals may be harvested on a single date at green chop 
or whole chop stage, taken through to a cereal silage maturity, or harvested as a mature grain. Each 
of these options has benefits and shortcomings relating to dry matter (DM) production, fit with the 
maize silage rotation and environmental benefits.   

Optimisation of the rotation for DM production and feed quality is achieved by a fast turn-around for 
establishing the next crop in the rotation and a balance between yield and feed quality, from the 
selection of the right maize silage hybrid and winter crop for the system. 

The aim of the project was to increase DM production across a twelve-month period by including 
winter cereals and cereal silages in the maize silage rotation.  The project assessments included 
annual DM production and feed values of the maize silage, and a range of winter cereal crops 
harvested at different growth stages.  

Methods 
The trial was established at the Northern Crop Research Site (NCRS). The winter crops were drilled 
into a lightly cultivated seed bed. The trial design was a randomised block design, with four 
replicates, and each plot was 6 m x 20 m. Winter crop options (Table 1) were chosen to reflect a 
variety of different cultivars and species with differing planting and harvest dates to fit in with the 
maize silage crop.  

Of the crops selected for this trial, the whole crop barley was deemed the most likely to suffer from 
fungal disease and lodging. An additional split-plot trial and analysis was undertaken; barley with two 



fungicides plus a plant growth regulator (PGR) treatment was compared with barley without 
fungicides or PGRs (Appendix 1). 

Before grain-fill, the barley and triticale cv. Prophet sampling areas were netted to exclude birds. The 
winter crops were sampled for DM yield by cutting the plant material from within a 1 m2 quadrat at a 
10 cm height.  Fresh samples were weighed, sub-sampled and returned to the oven for drying (five 
days at 60 oC) and re-weighed to generate DM percentages. One fresh feed sample per plot was 
collected on the day of harvest and delivered to Hill Laboratories for feedstuff testing as soon as 
possible after harvest. 

Maize for silage was planted following harvest of winter crops, but drought meant that the results 
were not able to be analysed. 

Table 1. Winter crop details and their establishment rate for a maize silage trial at NCRS, Tamahere in 
2019-20. 

Winter crop 
treatment 

Winter crop 
cultivar 

Winter crop 
harvest stage 

Winter crop 
sowing rate 
(kg/ha) 

Winter crop 
establishment rate 
(mean plants/m2) 

*Annual ryegrass
(Lolium multiflorum) Tama Vegetative 25 396 

Oats 
(Avena sativa) Milton Green chop stage 80 228 

Triticale 
(x Triticosecale) Bolt Green chop stage 85 117 

Triticale 
(x Triticosecale) Prophet Whole crop stage 90 70 

Barley 
(Hordeum vulgare) Monty1 Whole crop stage 110 176 

Barley 
(Hordeum vulgare) Laureate2 Whole crop stage 125 148 

*Industry standard. 1Awnless cultivar. 2 Awned cultivar. Drilling date: 16 April 2019 (with a JohnDeere
750a).

Results and Discussion  
Annual ryegrass harvested at a typical harvest date, had the lowest yield and highest metabolisable 
energy (Table 2). The green chop oats were harvested early relative to the other treatments; 
however, the feed results were amongst the poorest. The whole crop barley cultivars had average 
yields and daily production. The 01 November harvest date was later than the optimal date for maize 
silage establishment, but early for cereal whole crop harvest. As the cultivars used in this trial were 
facultative and did not require vernalisation, it is possible that a barley crop could mature earlier 
with an earlier planting date. Further investigation into the sowing dates for maize and barley may 
identify the optimal timings for this rotation.  

For unknown reasons, the barley cv. Monty (Table 3) had a poor seed set and this contributed to the 
poorer feed quality results. Yields produced relative to cv. Laureate were not different (p>0.01). 

The additional yield achieved with the disease control programme was not justified by the estimated 
application costs of $446/ha.  

Summary 
Annual ryegrass, the most popular winter crop in maize systems, produced the least yield, 5.8t 
DM/ha, had one of the best feed quality profiles, and was harvested earliest (27 September). The 
September harvest gave time for pre-maize preparation and planting. 



Whole crop triticale produced the greatest DM yields (16.7 t DM/ha), however, it was also the last 
crop to be harvested (13 December), leaving a limited window for establishing the following maize 
crop. Late harvested crops will delay maize establishment considerably, which increases the risk of 
poor establishment (because of low soil moisture levels in the seeding zone) and reduced yield. 
Harvest dates of some crops, (for example facultative barley) could be brought forward by planting 
earlier, providing a potential area for further work. 

Changes in feed quality relating to the harvest dates of the winter crop options is an area that could 
be investigated further. Due to their single harvest dates, the cereal options in this trial appear 
attractive, but this needs to be balanced against other factors such as optimal harvest windows to 
achieve the desired maize yields and feed quality. 

References 
Chakwizira, E, Fletcher, A L, Johnstone, P R, de Ruiter, J M, Pearson, A J, and Parker, M (2019). Maize 
silage-winter crop sequences that maximise forage production and quality. New Zealand Journal of 
Agricultural Research, 62: 1-22. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2. Crop growing days, crop yields and mean feed test results for six winter crops harvested at various growth stages at the Northern Crop Research 
Site, Tamahere after planting on 16 April, 2019. 

Winter crop treatment Harvest 
date 

Growing 
days 

Yield* 
(t DM/ha) 

Average daily 
DM production 
(kg DM/ha/day) 

Metabolisable energy 
(MJ/kg DM) 

Protein 
(%DM) 

Starch 
(%DM) 

Digestibility of 
organic matter in dry 
matter (%DOMD) 

Annual ryegrass (Veg) 27/09/2019 161 5.8 36 11.65 10.35 0.625 72.8 

Oats (GC) 01/10/2019 165 12.4 75 9.1 5.9 <.5 56.7 

Triticale (GC) 08/10/2019 172 8.5 49 9.1 11.3 0.93 56.8 

Barley cv. Laureate (WC) 01/11/2019 196 9.4 48 9.5 9.45 21.6 59.3 

Barley cv. Monty (WC) 01/11/2019 196 7.9 40 7.9 10.15 9.7 49.2 

Triticale cv. Bolt (WC) 13/12/2019 238 16.7 70 9.1 7.3 21.8 57 

Note: Yellow indicates the treatments that were amongst those that produced the greatest DM yield. *Yield (t DM/ha) ANOVA results: P value <0.001, CV 
(%) 12.8, LSD (p=0.05) 1.96. Crops were harvested at various growth stages (GS); vegetative (Veg) stage relates to tillering or stem extension stages (GS 20-
40), green chop (GC) stage relates to awn emergence (GS 49) and whole crop (WC) stage relates to cheesy dough stage (GS 85). 



Table 3. Yield of two barley cultivars grown at the Northern Crop Research Site, Tamahere after 
planting on 16 April, 2019, following treatments with or without fungicides and plant growth 
promoters (PGRs).  

Barley cultivar (and treatment) Yield (tDM/ha) 

Laureate (fungicide and PGR) 10.2 

Laureate (no fungicide or PGR) 8.5 

Monty (fungicide and PGR) 9.9 

Monty (no fungicide or PGR) 8.8 

Split plot ANOVA analysis:   p>0.01 

Appendix 1. Trial inputs 

Fertilisers were applied as follows: 

6 August 2019  100 kg/ha SustaiN (46%N), applied to all treatments 
26 September 2019 150 kg/ha SustaiN applied to barley treatments and  

200 kg/ha SustaiN applied to triticale cv. Prophet. 

Fungicides and Plant Growth Regulators treatments applied to the barley as follows: 
19 August and 18 September, 2019 Seguris-Flexi® (a.i. 125 gm/L isopyrazam) at 600 
mL/ha 

Proline® (a.i. 250 g/L prothioconazole) at 400 mL/ha 
Pulse® (a.i. 800 g/L organosilicone) at 100 mL/100 L  

19 August, 2019 AlignTM (305 g/L mepiquat chloride, and 155 g/L 
chlorethephon) at 1 L/ha. Water rate, 200 L/ha. 
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