
 

 

 

 



 

 

Note to readers 

Some of the information in this guidance document is out-of-date following 
amendments to the National Environmental Standards for Freshwater Regulations 
2020 (NES-F). This information should be read alongside the Resource Management 
(Freshwater and Other Matters) Amendment Act 2024. 

 

Disclaimer 

The information in this publication is, according to the Ministry for the Environment’s best 

efforts, accurate at the time of publication. The Ministry will make every reasonable effort to 

keep it current and accurate. However, users of this publication are advised that:  

• the information does not alter the laws of New Zealand, other official guidelines, or 

requirements  

• it does not constitute legal advice, and users should take specific advice from qualified 

professionals before taking any action based on information in this publication  

• the Ministry does not accept any responsibility or liability whatsoever whether in contract, 

tort, equity, or otherwise for any action taken as a result of reading, or reliance placed on 

this publication because of having read any part, or all, of the information in this 

publication or for any error, or inadequacy, deficiency, flaw in, or omission from the 

information in this publication  

• all references to websites, organisations or people not within the Ministry are for 

convenience only and should not be taken as endorsement of those websites or 

information contained in those websites nor of organisations or people referred to. 
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Executive summary 

Intensive winter grazing (IWG) refers to grazing livestock on an annual forage crop at any time 

in the period from 1 May to 30 September. Since 1 November 2022, the National 

Environmental Standards for Freshwater (NES-F) regulations relating to IWG require 

vegetation to be established as groundcover over the whole land area used for IWG as soon as 

practicable after livestock have finished grazing (Regulation 26B, NES-F). 

Grazing of annual forages during winter, when soils are usually wet, often results in the 

complete or near-complete removal of plants. Re-establishing groundcover (plants growing on 

the soil surface) as soon as practicable after winter grazing is completed can result in 

significant environmental benefits. These benefits include reduced soil, nutrient and 

contaminant run-off as well as lower risk of nitrate leaching and nitrous oxide emissions.  

To achieve these benefits, a good practice approach is to resow ground left bare after forage 

crop grazing with an appropriate species (or species mixture) as soon as soil, weather and 

operational conditions allow. The main factors that can help determine whether sowing is 

practicable include: soil and weather conditions, paddock contour, availability of machinery 

and appropriate seed and/or crop rotation implications.  

In most circumstances any form of groundcover after grazing is better than bare soil. However, 

there are several good management practices with the potential to make re-establishing 

groundcover more successful within the critical winter-spring window after grazing, thus 

improving environmental outcomes. These include: 

• minimum or no-tillage practices to establish winter forage crops. Excess cultivation when 

establishing winter forage crops can result in more severe soil degradation (eg, pugging) 

during grazing. This, in turn, has the potential to delay when groundcover can be re-

established. On sloping land, cultivating with the contour can help minimise the risk of 

surface run-off, both during forage crop development and after grazing 

• adopting companion planting strategies with winter forages, using species that are 

capable of withstanding treading damage during grazing and recovering to form sufficient 

groundcover 

• considering the timing of forage crop grazing, particularly for soils and/or forage crops 

that are most at risk of environmental damage. For instance, delaying grazing a paddock, 

particularly one that features a critical source area, for as long as possible in winter can 

reduce the risk of contaminant loss, and increases the effectiveness of subsequent 

groundcover (due to reduced drainage after grazing and environmental conditions 

becoming more favourable for establishing groundcover more quickly) 

• considering the grazing strategy. Where and when possible, managing livestock to 

minimise pugging (refer to the Ministry’s Pugging: Guidance for intensive winter grazing 

document), such as using back-fencing with portable troughs (except with deer) or on-off 

grazing, can maintain more suitable conditions for resowing 

• post-grazing tillage strategy. If resowing is required, adopt the minimum tillage required 

to enable good soil-to-seed contact and suitable conditions for germination and 

emergence. Avoiding over-cultivation can reduce the risk of more soil and environmental 

degradation. While direct drilling might be suitable in some situations, where soils are not 

too pugged or compacted, often cultivation will be required. Considering the soil moisture 

content is important, as depending on the method used, that is, cultivation implement, 

https://www.legislation.govt.nz/regulation/public/2020/0174/latest/LMS686110.html
https://environment.govt.nz/publications/pugging-guidance-for-intensive-winter-grazing
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cultivating when conditions are too wet can cause further damage to the soil structure, 

increasing the likelihood of sediment loss. Conversely, cultivating when soils are 

particularly dry can require extra cultivation activity. Cultivating with the contour of the 

paddock will also help minimise subsequent surface run-off losses 

• when sowing in winter, use winter-active species with high seed vigour. For cereals such 

as oats, these can be sown when soil temperatures are 4°C and rising. Ideally, aim for high 

plant populations and avoid applying nitrogen until soil temperatures are suitable (6°C and 

rising) and crop growth rates can utilise the nitrogen.  

There will be limitations to the different practices for managing or re-establishing 

groundcovers after grazing across various regions, soils and farm systems. Therefore, decisions 

made on the most suitable practices used should be carefully considered, farm-specific and 

assessed on a case-by-case basis.  
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1. Groundcover regulations for 

intensive winter grazing 

Key points 

• Intensive winter grazing refers to grazing of livestock on an annual forage crop any time 

between 1 May and 30 September of the same year. 

• Annual forage crops include crops that are grown specifically for grazing in the paddocks 

where they were grown. They exclude perennial pastures and crops grown for arable or 

horticultural land uses. 

• Farmers/land owners must ensure vegetation is established as groundcover over the area 

of land used for IWG as soon as practicable after livestock have finished grazing. 

• This document provides guidance in relation to the groundcover standard, Regulation 26B, 

of the Resource Management (National Environmental Standard for Freshwater) 

Regulations 2020 (NES-F)  

The Essential Freshwater package included the Resource Management (National 

Environmental Standards for Freshwater) Regulations 2020 (the NES-F), which came into force 

in September 2020. The NES-F regulations aim to protect and improve the quality of our rivers, 

streams, lakes, wetlands and estuaries. They include specific requirements for the 

management of IWG activities to mitigate adverse impacts on fresh water. 

Intensive winter grazing (IWG) refers to annual forage crops (eg, kale, fodder beet, swedes, 

turnips and forage rape) that are grown specifically to provide forage for grazing between 

1 May and 30 September. For the purposes of the NES-F regulation specific to IWG (Regulation 

26B), annual forage crops exclude perennial pastures or crops grown for arable use (eg, grain 

and seed) or horticultural use (eg, vegetables and fruit).  

The definition of IWG includes farm activities that support IWG and that may occur all year, 

such as the preparation and sowing of land for grazing and the cultivation of annual forage 

crops (Ministry for the Environment, 2022).  

The IWG regulations in the NES-F took effect from 1 November 2022. The regulations mean 

that: 

• intensive winter grazing can continue without a consent if carried out in accordance with 

the permitted-activity standards in the regulations  

• a regional rule or resource consent can be more stringent than any of the intensive winter 

grazing regulations. If this is the case, the more stringent regional rule or resource consent 

prevails over the regulations. 

The regulations apply to the following activities and associated discharges:  

• the use of land on a farm for IWG 

• the discharge of a contaminant into or onto land, including in circumstances that may 

result in the contaminant (or any other contaminant emanating because of natural 

processes from the contaminant) entering water, if the discharge is associated with the 

use of land on a farm for IWG. 
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This document provides guidance in relation to the following regulation (Regulation 26B, 

NES-F): 

Groundcover Standard 

1) A person using land on a farm for intensive winter grazing in accordance with 

regulation 26 must ensure that vegetation is established as groundcover over the 

whole area of that land as soon as practicable after livestock have finished grazing 

the land. 

2) A person using land under this regulation must provide any information reasonably 

required by a regional council enforcement officer for the purpose of monitoring 

compliance with this regulation. 

More detailed information on the IWG regulations is available on the Ministry for the 

environment website:  

• Intensive winter grazing factsheet  

• Report and recommendations on IWG amendments. 

 

 

  

https://www.legislation.govt.nz/regulation/public/2020/0174/latest/LMS686110.html
https://www.legislation.govt.nz/regulation/public/2020/0174/latest/LMS686110.html
https://environment.govt.nz/publications/intensive-winter-grazing-factsheet/
https://environment.govt.nz/publications/report-and-recommendations-on-iwg-amendments/


 

 Groundcovers: Guidance for intensive winter grazing 9 

2. Groundcover and why it is 

important 

Key points 

• Groundcover refers to vegetation established and growing on the soil. 

• Establishing groundcover as soon as practicable after winter forage crop grazing is finished 

can markedly reduce the risk of contaminant run-off and nitrate leaching. 

• Common types of groundcover for winter grazing can include short rotation catch crops (eg, 

forage oats, ryecorn and triticale), early-season main crops (eg, wheat and barley) and 

pasture (eg, annual or perennial ryegrass). 

In simple terms, groundcover is defined as vegetation established and growing on the soil 

surface. In IWG systems, groundcover refers to re-establishment or re-growth of plant cover 

following the removal, by grazing, of forage crops grown for winter grazing. Intensive grazing 

of forage crops during winter, when soils are usually wet, often results in the complete or near 

complete removal of plants (groundcover) and damage (compaction or pugging) to the soil 

surface due to livestock treading. These conditions, coupled with the high input of livestock 

excreta (urine and dung) and periods when rainfall exceeds the soil water storage capacity, can 

greatly increase the risk of sediment and nutrient run-off and nitrate leaching. Re-establishing 

groundcover as soon as practicable after winter forage crop grazing is finished can markedly 

reduce these adverse effects on the environment.  

Re-establishing groundcover after winter grazing of forage crops usually involves the sowing of 

a new crop or pasture. Cold-tolerant plants are most effective at early establishment and rapid 

growth after winter grazing. This is important to stabilise the soil surface, remove excess water 

and absorb excess mineral nitrogen — all key factors for reducing the risk of contaminant (eg, 

sediment, nutrients, Escherichia coli [E. coli]) run-off and nitrate leaching. Common forms of 

groundcover vegetation established after winter grazing are short rotation catch crops (eg, 

forage oats, ryecorn and triticale), early-season main crops (eg, wheat and barley) and pasture 

(eg, annual or perennial ryegrass). Where winter forage crops are grazed with lighter stock (eg, 

sheep), undersowing the forage crops with species capable of re-growing after grazing can also 

mitigate environmental impacts and may remove the need to resow.  

Realising the environmental benefits of groundcover can require achieving relatively uniform 

plant cover across the entire paddock while avoiding large areas of bare ground, particularly 

where these are close to waterways or areas of surface water run-off (see Critical source areas: 

Guidance for intensive winter grazing document). 

  

https://environment.govt.nz/publications/critical-source-areas-guidance-for-intensive-winter-grazing
https://environment.govt.nz/publications/critical-source-areas-guidance-for-intensive-winter-grazing
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3. Impacts on the environment 

Key points 

• Winter grazing of forage crops can result in environmental degradation by damaging soil 

quality, and increasing surface run-off of contaminants, nitrogen leaching and nitrous oxide 

emissions. 

• An established groundcover after winter forage crop grazing can significantly reduce 

environmental impacts. 

Winter forage crops provide many well-established benefits in livestock farming systems 

(Edwards et al, 2014). However, the practice of intensively grazing forage crops during the 

winter can also have significant adverse effects on the environment. Often these effects can be 

reduced or avoided with appropriate management practices, including establishing 

groundcover early after grazing is completed. 

3.1 Compounding adverse environmental 

effects 
Intensive winter grazing usually involves the grazing of forage crops on relatively wet soils and 

at high stocking rates, that is, high stock numbers per unit area. These conditions typically 

result in the complete (or near-complete) removal of plant cover, damage (compaction or 

pugging) to the soil surface due to livestock treading and the deposition of large amounts of 

livestock excreta (urine and dung). Soil compaction and pugging tend to restrict the infiltration 

of water (rainfall) in to soil, increasing the risk that contaminants found in livestock excreta 

(eg, nitrogen, phosphorus, faecal microbes such as E. coli) and sediment will run off into 

waterways.  

The risk of these impacts is increased by the lack of plant cover and by winter rainfall that 

often exceeds the soil’s water storage capacity. By changing the porosity of the soil, 

compaction also tends to lower the soil’s capacity to hold water and slows its rate of drying. 

This increases the risk of drainage and nitrate leaching, particularly where the concentration of 

nitrate in the soil is high due to the high input of livestock excreta. The risk of these losses is 

increased where soils are left fallow for extended periods of time after winter grazing with the 

associated deposition of urine and dung. This situation is exacerbated by the soil compaction 

caused by livestock treading. This is because rainfall normally exceeds evapotranspiration1 in 

winter and early spring, resulting in greater losses of contaminants (nitrate, nitrous oxide, 

phosphorus, E. coli and sediment) due to increased soil drainage and surface run-off, 

particularly where plant groundcover is lacking. 

 
1 The process by which water is transferred from the land to the atmosphere by evaporation from the soil 

and by transpiration from plants. 
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3.2 Health risks when contaminants enter 

waterways 
The loss of nitrogen, phosphorus and sediment into surface waterways, that is, streams, rivers 

and lakes, can lead to eutrophication2, which degrades the freshwater habitat for fish and 

other aquatic biota. The leaching of nitrate and E. coli below the root zone and into ground 

water can produce a health risk to people who rely on ground water for drinking. Exposure to 

high nitrate levels in drinking water can cause methemoglobinemia (blue baby syndrome) in 

bottle-fed infants younger than six months. The presence of E. coli in a water system suggests 

recent faecal contamination (eg, from livestock), which can represent a health risk to anyone 

who drinks it. E. coli is often used as an indicator of the possible presence of other harmful 

microbes, such as Cryptosporidium, Giardia and norovirus. Diseases acquired from contact 

with faecal-contaminated water can include gastrointestinal illness and infections of the skin, 

ear, eye, respiratory and nervous systems, and wounds. Where soil water content is high, soil 

compaction also tends to create anoxic conditions in the soil that greatly increase the risk of 

nitrous oxide emissions to the atmosphere, particularly where the input of nitrogen from urine 

is high. Nitrous oxide is a greenhouse gas that contributes to global warming and climate 

change.  

Early establishment of plant (ground) cover following winter grazing can markedly reduce the 

risk of nitrate leaching and nitrous oxide emissions. It does this by taking up some of the 

mineral nitrogen released from livestock excreta (mostly urine) and by helping to lower the 

soil’s water content via transpiration, which reduces the risk of drainage and anoxic conditions. 

Groundcover can also help reduce the risk of contaminant run-off by encouraging greater 

infiltration of water and creating a physical barrier to the transport of water and sediment into 

waterways.  

3.3 Surface run-off losses 
Bare, fallow soil conditions, particularly those remaining for long periods after winter forage 

crop grazing, are susceptible to run-off losses of sediment, phosphorus and faecal 

microorganisms (eg, E. coli). Suspended sediment loads of up to 3700 kg/ha/year and 

phosphorus losses of 4 kg/ha/year have been reported (McDowell 2006; McDowell and 

Houlbrooke, 2009; Burkitt et al, 2017; Monaghan et al, 2017).  

These losses are primarily attributed to periods of high rainfall (volume and intensity) on 

vulnerable soils that are often pugged (degraded) by livestock, restricting water infiltration. 

Cournane et al (2011), Hu et al (2021) and McDowell et al (2003, 2005) showed how reduced 

soil infiltration rates as a result of treading damage increased sediment, phosphorus and E. coli 

in surface run-off, particularly in winter (see figure 1). Monaghan et al (2017) showed that 

most (about 90 per cent) surface run-off occurred after grazing. Belliss et al (2019) reported 

that bare ground is the main driver of soil loss, exacerbated by high rainfall, steep and long 

slopes, and poorly drained soils. 

While increasing slope generally increases the risk of surface run-off, significant sediment and 

phosphorus losses can also occur on relatively flat to gradual hillslopes, especially when soils 

are severely damaged from grazing and during large rainfall events (Basher et al, 2016).  

 
2 Excessive richness of nutrients in a lake or other body of water, frequently due to run-off from the land, 

which causes a dense growth of plant life. 
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Figure 1: Compaction from livestock treading can increase run-off by decreasing infiltration rate 

 

Image by Wei Hu, Plant & Food Research. 

3.4 Nitrate leaching losses 
Livestock urine is usually the major source of nitrogen leached after the winter grazing of 

forage crops (Selbie et al, 2015). Nitrogen (mainly nitrate-nitrogen) leaching losses of up to 

180 kg N/ha/year have been measured following winter forage crop grazing in New Zealand 

(Shepherd et al, 2012; Smith et al, 2012; Monaghan et al, 2013; Malcolm et al, 2016). These 

losses are typically greater than those from grazed pasture (Smith and Monaghan, 2020) 

because of the high-stocking densities over the winter, and the extended fallow periods where 

there is no plant uptake of urine nitrogen. The scale of losses is largely influenced by crop 

management, soil type and seasonal factors such as the timing and amount of rainfall (Teixeira 

et al, 2016; Trolove et al, 2019). 

3.5 Nitrous oxide emissions 
Nitrous oxide is a greenhouse gas that contributes to global warming. In outdoor grazing 

systems, livestock urine patches represent a significant source of nitrous oxide emissions 

(Selbie et al, 2015). Although the number of studies in New Zealand is very limited, current 

estimates suggest on average about 3.2 per cent of urine-nitrogen may be lost as nitrous oxide 

from grazed winter forage crop systems (Van der Weerden and Styles, 2012). However, 

evidence suggests this percentage may vary greatly depending on the soil type and extent of 

soil compaction following IWG.  

Soil compaction (and pugging) due to livestock treading under wet conditions and high returns 

of nitrogen-rich livestock excreta (urine and dung) during winter grazing create conditions that 

greatly increase the risk of nitrous oxide emissions to the atmosphere (Beare et al, 2009). A 

synthesis of data from a wide range of national and international studies showed that 

compaction from livestock treading can increase nitrous oxide emissions by 51–814 per cent 

compared with those from non-compacted soils (Hu et al, 2021). Several previous studies have 

shown that using no-tillage practices to establish forage crops can help reduce the severity of 

soil compaction and pugging from winter grazing (Thomas et al, 2004; Hu et al, 2018; Hu et al, 

2020). This can markedly reduce the risk of nitrous oxide emissions in the weeks immediately 

after grazing (Thomas et al, 2008; 2013). Less soil compaction and pugging can also improve 

the soil’s trafficability, ie, the quality of the terrain that permits passage and movement, which 

enables sowing and establishing subsequent crops or pasture earlier and also earlier removal 

of some of the soil mineral nitrogen that contributes to high nitrous oxide emissions.  
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3.6 Mitigating environmental impacts with 

an established groundcover 
Established groundcover during the key risk period (namely winter and early spring) can utilise 

nutrients from the soil (eg, nitrate) and reduce groundwater degradation. In addition, 

groundcovers can reduce overland losses of sediment and associated contaminants by:  

• protecting the soil surface from the impact of rain and trapping sediments 

• reducing the velocity of water and sediment running across the soil surface (figure 2)  

• increasing the stability of the soil structure through more root growth  

• reducing soil moisture content, which increases the soil’s capacity to store extra water 

from rainfall, thus decreasing the risk of contaminant losses from both run-off and 

leaching (McLaren and Cameron, 1996; Kaspar and Singer, 2011; Yi et al, 2022).  

Figure 2: Example of plants trapping lateral-moving sediment 

 

Photograph by Brendon Malcolm, Plant & Food Research. 

Sowing a catch crop (a short-term crop established between two main crops or as part of a 

pasture renewal programme; see figure 3) in winter after forage crop grazing has been shown 

to significantly reduce the amount of nitrogen leached, and by up to 59 per cent in animal 

urine patches (Carey et al, 2016; Caradus et al, 2018; Malcolm et al, 2022). The efficacy of 

catch crops depends on the species used, the time at which winter grazing occurs in relation to 

winter rainfall and soil temperatures, and the length of the fallow period (Carey et al, 2017; 

Malcolm et al, 2022). In general, the sooner the catch crop is established after winter grazing, 

the greater the reduction in nitrate leaching (Teixeira et al, 2016). 
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Figure 3. Example of an establishing (left) and an established (right) winter-sown catch crop after 

grazing of an annual forage crop in winter 

   

Photographs taken on a Canterbury farm by Brendon Malcolm, Plant & Food Research.  
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4. Implementing the policy 

Key points 
• In the absence of an established or recovering groundcover after grazing in IWG systems, 

ground should be resown with an appropriate species (or species mixture) as soon as soil, 

weather and operational conditions allow.  

• The main factors that determine whether sowing is practicable include: soil and weather 

conditions, paddock contour, availability of machinery and appropriate seed, and/or crop 

rotation implications. 

 

Ministry for the Environment guidelines for determining whether sowing is 
practicable 

The groundcover standard requires that vegetation is established as groundcover as soon as 

practicable following winter grazing. This standard aims to minimise how long ground left bare 

after IWG is exposed to weather, as this increases the risk of sediment and/or contaminant 

loss. 

Many factors can be considered in determining when sowing is practicable. In practice, this 

means an enforcement officer would be needed to determine what is practicable on a case-by-

case basis.  

This guidance provides some key factors and variables that could impact operational decisions 

when determining what is practicable in any given situation.  

The considerations discussed in this document are intended as a guide only and do not limit 

any other factors which may be relevant to take into account when determining what is 

practicable on a case-by-case basis. 

4.1 Sowing as soon as practicable 
If sowing is necessary due to the absence of an already established or recovering groundcover, 

several variables could dictate when it is practicable to sow (table 1). Current literature and an 

understanding of the various weather and operational conditions indicate that sowing should 

occur either when grazing within any given IWG paddock (or part of a paddock of significant 

size) is completed, or when animals are permanently removed after grazing. Where no plant 

cover exists, good practice suggests a paddock should be sown with an appropriate species or 

species mixture that integrates into the whole farm system as soon as soil, weather and 

operational conditions allow (table 1).  
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Table 1: Key soil, weather and operational factors that may contribute to decisions on whether 

resowing is practicable after grazing in intensive winter grazing systems 

Variable Considerations 

Soil conditions Dry, capped, compacted, wet and/or pugged soils. Depending on the state of the soil 

surface, differing approaches to cultivating and/or sowing may be needed. Some ground 

conditions might be suitable for direct drilling immediately, while others might need a 

period of drying before sowing can start. For further guidance see section 4.2.5.  

Soil temperature – some species (eg, cereals) can germinate and establish under 

particularly cool soil temperatures, while other species require higher soil temperature. 

For further guidance see section 4.2.6.  

Weather conditions Recent heavy rainfall, wet soil conditions and/or extreme weather events can significantly 

delay operational efforts to re-establish groundcover. Attempting to establish 

groundcover under such conditions can markedly increase the risk of soil compaction 

from wheel traffic and soil cultivation.  

Region/climate Regions with high winter rainfall may need different approaches to cultivation and choice 

of species. Colder and/or wetter regions will probably make it harder to establish covers 

during the winter or early spring period. 

Soil type Heavy-textured soils may need a longer period of fine weather for conditions to be 

suitable for cultivation and/or sowing. Also, more intensive cultivation may be needed to 

establish a suitable seed bed for sowing some crops or pasture, given heavy soils are 

more susceptible to greater compaction and pugging from livestock treading. 

Stock class and 

winter forage 

species 

Heavier livestock (eg, cattle compared with sheep) can cause more severe pugging, 

making it more challenging to sow soon after grazing. Also, some winter forage crops 

naturally produce higher yields, taking longer to graze, and resulting in higher-stocking 

densities and a greater degree of pugging. 

Paddock contour 

and aspect 

As a paddock becomes steeper it will become increasingly hard to establish vegetation as 

groundcover. This will require a differing set of soil and weather conditions for sowing to 

be achieved.  

Maintaining vegetated buffer strips in critical source areas can help to reduce the run-off 

risk in sloping paddocks. 

South-facing slopes are likely to dry out more slowly, potentially delaying when 

groundcovers can be established. 

Availability of 

appropriate 

workers and 

machinery 

A shortage of local contractors and/or the necessary equipment to re-establish 

groundcover may make its establishment impractical, even where the soil and 

environmental conditions are suitable. The length of a suitable weather window will also 

be of importance in this context. 

Availability of 

appropriate 

seed/cultivars 

Not all species are suitable for sowing in winter months, and depending on the season 

and the demand for seed, sourcing the appropriate seed could be a barrier to sowing 

when conditions allow. Buying seed early in the season can help to mitigate this risk. 

Implications for the 

crop rotation 

In dryland systems and/or in dry winters where soil moisture is not fully replenished, 

establishing vegetation too early can deplete valuable soil moisture needed to establish 

high-value crop or pasture in the following spring or early summer, and, in turn, 

compromise the overall performance of the crop rotation.  

A short window between the end of forage crop grazing and the planned sowing date of 

the next main crop or pasture can mean that sowing an intermediary crop (eg, catch crop) 

is not viable. 
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Successfully implementing the practices outlined below (section 4.2) to achieve good groundcover 

outcomes requires careful planning and execution, followed by a review process to identify where 

improvements can be made in future. This process should feature as part of Freshwater Farm Plans. 

 

4.2 Maximising the benefits of groundcovers 

during the main risk period 
Establishing an effective groundcover after grazing in IWG systems can be achieved using a 

range of different approaches, most of which are likely to be driven by individual 

circumstances. While in most cases any form of plants growing as groundcover is better than 

bare soil for reducing environmental impacts, there are several good management strategies 

that could be implemented at various times throughout the winter forage crop rotation to 

improve the effectiveness of groundcovers. These include practices from the time that winter 

forage crops are established, through to strategies adopted during and after grazing.  

Table 2 below summarises several of these good management practices. It must be noted that 

the suitability of the different good management practice options would need to be assessed 

on a case-by-case basis for each individual farm system.  

4.2.1 Establishment methods for winter forage crops 

Key point 
• Establishing winter forage crops using minimum or no tillage can help to mitigate soil 

structural degradation at grazing, increasing the probability of early groundcover 

establishment after winter grazing. 

Soil structural degradation associated with pugging and compaction from IWG can restrict water 

infiltration and the drying of surface soils, keeping them excessively wet, which can delay the 

establishment of groundcover. Some case studies in New Zealand show that establishing winter 

forage crops using conservation tillage practices (eg, no tillage with direct drilling or strip tillage) 

can help reduce the severity of pugging and compaction during forage crop grazing. This is 

beneficial to maintaining soil structure and reducing soil water content, and in turn helps with 

early establishment of groundcover (Thomas et al, 2004; Burkitt et al, 2017; Lane and 

Willoughby, 2017; Hu et al, 2018; Hu et al, 2020; Yi et al, 2022). In addition, this can also reduce 

the risk of drainage and nitrate leaching after grazing (Trolove et al, 2019; Yi et al, 2022) and 

improve the overall performance and effectiveness of catch crops (eg, oats) in terms of growth 

and nitrogen uptake. However, further research and practical evidence is needed to confirm the 

https://environment.govt.nz/acts-and-regulations/freshwater-implementation-guidance/freshwater-farm-plans/
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benefits and trade-offs of using conservation tillage practices to establish winter forage crops, 

particularly for a variety of soil types/conditions and climates. 

Table 2: Summary of good management practice options for maintaining or establishing 

groundcover in intensive winter grazing systems  

Management practice Recommendation Considerations 

P
re

-g
ra

zi
n

g 

Establishment 

of winter 

forage crops 

(section 4.2.1) 

Minimise cultivation of soil when 

establishing the winter forage crop. 

Direct drilling, strip-tillage and/or 

minimum tillage can help maintain soil 

strength, which reduces the soil’s 

vulnerability to pugging damage, leaving 

it better suited to sowing after grazing. 

Some crops and/or soils may be less 

suited to reduced or no-till establishment 

methods than others (eg, fodder beet 

and/or heavy clay soils). 

Maintaining 

groundcover 

during IWG 

(section 4.2.2) 

Consider using companion cropping 

strategies. Some winter forage crops are 

more conducive to undersowing with 

other species (eg, forage oats sown with 

Italian ryegrass) than other crops. If 

managed well, groundcovers can be 

maintained or re-established after 

grazing by lighter stock (eg, sheep) 

without the need to resow. 

Regrowth of undersown species is less 

likely to be successful where high-

production forage crops (eg, fodder beet 

and kale) are grown, particularly when 

grazed by heavier stock.  

G
ra

zi
n

g 

Timing of 

grazing 

(section 4.2.3) 

Where the system might have flexibility, 

aim to graze the winter forage crops as 

late as possible within the IWG period. In 

general, better environmental outcomes 

are expected when forage crops grown 

on deeper, fine-textured soils are grazed 

in late autumn/early winter and when 

forage crops grown on shallow, free-

draining soils or slopes are grazed in late 

winter. Wherever possible, grazing of 

forage crops should be avoided when 

soils are very wet, that is, near or above 

field capacity water content. 

Differences in typical patterns of early vs 

late winter rainfall may affect the 

environmental impacts and should be 

considered when applying these 

recommendations. 

Stock 

management 

during IWG 

(section 4.2.4) 

Wherever possible, use back-fencing or 

on-off grazing to reduce the risk of soil 

compaction and pugging. Feed pads or 

stand-off areas can be effective at 

reducing soil damage when soils are very 

wet. This will aid in early sowing of new 

groundcover after grazing. 

While avoiding critical source areas, 

grazing paddocks out quickly (eg, grazing 

with two mobs from opposing directions) 

can increase the probability of a paddock 

being established in groundcover earlier.  

P
o

st
-g

ra
zi

n
g 

Ground 

preparation for 

resowing 

(section 4.2.5) 

Avoid over-cultivation. More intensive 

cultivation is likely needed on soils that 

are more severely compacted and/or 

pugged. Achieving good soil-to-seed 

contact and/or sufficient moisture are 

important for successful germination and 

early establishment. 

In particularly wet environments on 

heavy clay soils (eg, parts of Westland), a 

rougher seedbed is probably necessary 

to minimise the risk of surface capping 

from heavy rain events. 

Catch crops 

(section 4.2.6) 

In winter months if conditions allow, 

sowing a winter-active crop can have 

both environmental and productive 

benefits. On sloping ground, drilling with 

the contour of the land is the most 

reliable and effective method for 

Broadcasting seed, ensuring reasonable 

soil-seed-contact, may be considered in 

particularly wet environments and/or in 

areas where a tractor and drill cannot 

access. Higher seeding rates when 

broadcasting can increase the probability 
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Management practice Recommendation Considerations 

minimising sediment and contaminant 

run-off.  

Do not apply nitrogen fertiliser at sowing 

in winter. Some nitrogen might be 

required during later stages of growth 

and/or when soils have reached 6°C and 

rising. Other nutrients might also need 

replenishing — soil testing will confirm 

other nutrient requirements. 

of success. Including Italian ryegrass in a 

mixture with a cereal also increases the 

likelihood of success, particularly in very 

wet climates. 

4.2.2 Maintaining groundcover during intensive winter 

grazing 

Successfully establishing an understory crop with the main winter forage crop (sometimes 

referred to as companion planting, undersowing or intercropping) can negate the requirement 

for resowing after winter grazing. For example, mixes of forage oats and ryegrass (eg, Italian 

ryegrass), or single/multi-graze rape and annual ryegrass (sometimes mixed with other species 

such as clover and herbs) are relatively common winter grazing options, particularly for sheep 

or other lighter stock classes. This combination of species has the added benefit of regrowth 

after grazing, acting as established groundcover. This enables rapid uptake of nitrogen, 

reducing the risk of leaching and surface run-off. Other recent work in New Zealand (mainly in 

North Island hill country) has been investigating the performance of regrowth from species 

such as plantain when sown with a brassica (eg, swede). It has shown that, if managed well, 

this can also be a successful approach (Lane, 2022a). 

For high yielding winter forage crops like kale and fodder beet, undersown crops can:  

• be shaded out/outcompeted by the main forage crop  

• compromise the yield of the main forage crop 

• become severely damaged during grazing, and, therefore, not give the desired result.  

More work is needed to better understand in what situations companion planting can be 

effective, both environmentally and economically. 

Key points 
• Particularly for lighter stock classes, consider a mixture of multi-graze species as part of the 

winter forage crop. This will encourage regrowth after winter grazing, potentially avoiding 

the need to resow.  

• Manage paddocks and livestock as described in section 4.2.4 to minimise pugging damage. 
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4.2.3 Timing of grazing of winter forage crops 

Key points 
• Generally, the later annual forages are grazed in winter, the lower the environmental risk, 

and the greater the effectiveness of subsequent groundcover (eg, catch crops). 

• Soils and slopes that are considered of greatest risk of environmental degradation should 

ideally be grazed as late as possible in winter, to minimise the potential fallow period. 

Grazing forage crops later in the winter can increase the effectiveness of subsequent 

groundcover, including catch crops (Malcolm et al, 2022). Soil temperatures in mid-to-late 

winter tend to be colder (temperatures in July are cooler than those in May), which slows the 

conversion of urinary nitrogen to nitrate, and therefore, the accumulation of nitrate that is at 

risk of leaching or nitrous oxide emissions. Mid-to-late winter grazing also allows less time for 

rainfall to cause drainage (and associated nitrate leaching) and surface run-off before 

groundcover can be established and is able to mitigate the risk of these losses.  

In general, forage crops on deeper, finely-textured soils are better suited to late autumn/early 

winter grazing because they can store more water and therefore represent a lower risk of 

nitrate leaching. Ideally, it would be best for these soils to be grazed when their soil water 

content is below field capacity to minimise the risk of compaction or pugging. These conditions 

may allow for early establishment of groundcover (eg, catch crops). In contrast, forage crops 

on shallow, free-draining soils or on slopes are better suited to late winter grazing to minimise 

the period when soils are at risk of leaching and surface run-off before establishing new 

groundcover. An exception to this would be regions that typically receive substantially more 

rainfall during the late winter/early spring period (compared to late autumn/early winter). 

4.2.4 Managing livestock to maintain suitable ground 

conditions for resowing 

Key points 
• Minimising pugging damage can help with establishing groundcover after winter grazing. 

Refer to the Ministry’s Pugging: Guidance for intensive winter grazing for a more detailed 

discussion. 

• Approaches to minimising pugging and compaction might include: 

‒ selecting paddocks carefully as it is good practice to give preference to lighter soil 

types for IWG 

‒ minimising unnecessary stock movement (eg, through back-fencing or on-off grazing 

where operationally possible and logical), which has benefits for both re-establishing 

cover or maintaining it through companion planting 

‒ grazing paddocks quickly, that is, from two directions where appropriate, which can 

increase the window of opportunity to establish groundcover 

‒ resowing fenced-off areas within a paddock of significant size if soil, weather and 

operational conditions are practicable. 

The ways in which livestock are managed during IWG can have a notable impact on ground 

conditions, and consequently, the ability to re-establish groundcover. Minimising the extent of 

soil compaction and pugging will increase the probability of being able to sow soon after 

grazing.  

https://environment.govt.nz/publications/pugging-guidance-for-intensive-winter-grazing
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Key considerations to minimise surface damage:  

• Careful selection of paddocks for IWG. Imperfectly or poorly drained soils, combined with 

a high-stocking density (particularly for heavier stock classes), can result in a greater risk of 

pugging damage. Lighter, well-drained soils tend to be better suited to IWG; however, 

they are also most at risk of leaching, and therefore this potential trade-off should be 

considered.  

• Back-fencing livestock (except for deer) to avoid unnecessary stock movement/treading 

damage (Drewry and Paton, 2005). There are two potential benefits to back-fencing 

(probably requiring portable troughs) in relation to sowing a crop after grazing:  

− less pugging means soil conditions are likely to be workable sooner  

− having a fenced-off area of adequate size means that part of the paddock could have 

groundcover re-established earlier, if conditions were suitable. 

• On-off grazing during particularly wet periods (Drewry and Paton, 2005). Saturated soils 

are more prone to pugging and will subsequently take longer to dry. In the study of 

Drewry and Paton (2005) involving winter grazing of kale and swede on a pallic soil in 

Otago, restricting cows to three to four hours of forage crop grazing reduced soil physical 

damage. Work in Canterbury by Jenkinson et al (2014) showed that more than 75 per cent 

of the allocated winter forage crop (fodder beet and kale) was consumed by non-lactating 

dairy cows within the first six hours of offering a new break for grazing. 

• Completing the grazing of individual paddocks as quickly as possible (eg, grazing from two 

directions). This might allow more time for a paddock to be resown when a window of 

opportunity arises. Importantly, if a paddock has a slope and an associated critical source 

area of contaminant loss to freshwater, then it would be best practice for the forage crop 

nearest to the critical source area to be grazed as late as possible to reduce the risk of run-

off and to trap sediment before it reaches the critical source area (refer to the Ministry’s 

Critical source areas: Guidance for intensive winter grazing document). 

Additional references on good management practices for wintering livestock can be found at 

the following links: 

• Winter forage crops: Management during grazing factsheet (Beef + Lamb New Zealand) 

• Winter grazing and forage crop grazing (Beef + Lamb New Zealand) 

• Wintering guidelines (Foundation for Arable Research) 

• Breakfed wintering (DairyNZ) 

4.2.5 Ground preparation for resowing 

Key points 
• Aim for as little cultivation as required to remedy any pugging or compaction, and to 

achieve good soil-to-seed contact. 

• Some tillage technology/implements such as non-inversion tillage (eg, grubbers, chisel 

plough, spaders) can operate, to a point, in wetter soil conditions than other forms of 

tillage (eg, ploughs) without resulting in soil smearing and further soil damage. 

When establishing groundcover after winter grazing, it is important to achieve good soil-to-

seed contact while avoiding over-cultivation. Unnecessary or over-cultivation can result in soil 

damage and the release of organic nitrogen (immobile in soil) into mobile forms through the 

https://environment.govt.nz/publications/critical-source-areas-guidance-for-intensive-winter-grazing
https://beeflambnz.com/knowledge-hub/PDF/winter-forage-crops-management-during-grazing
https://beeflambnz.com/knowledge-hub/PDF/winter-forage-crops-management-during-grazing
https://beeflambnz.com/wintergrazing
https://www.far.org.nz/assets/files/blog/files/8643d34e-a242-4164-a4eb-4024897d3711.pdf
https://www.dairynz.co.nz/publications/environment/break-fed-wintering/
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process of mineralisation3 (Francis and Knight, 1993). It can also result in a fine seedbed that is 

more prone to surface capping4 during heavy rainfall events (Beare and Tregurtha, 2004).  

Depending on the conditions, some surface or more intensive cultivation in 

pugged/compacted soils can help reverse soil compaction and increase soil drying via 

evaporation (see case study 1). This can help with early establishment of crops after winter 

forage crop grazing and reduce the risk of nitrogen losses via leaching or nitrous oxide 

emissions associated with excessively wet soils. 

The degree of cultivation and the most suitable establishment method for plants after winter 

forage crop grazing will depend on several factors, particularly weather conditions at the time 

of grazing, soil type, crop type, stock class and stock management. Together, these factors can 

influence the severity of compaction and pugging and consequently the type and intensity of 

tillage that might be required.  

Case study 1 

In Malcolm et al’s 2017 study, both direct drilling and non-inversion tillage (Tyne grubbed, 

power harrowed, Cambridge rolled) followed by drilling (labelled as ‘conventional’) resulted in 

equally successful stands of winter-sown forage oats after winter-grazed kale. However, after 

fodder beet grazing there was a significant increase in the performance of the oats after tillage 

because of the remediation of a severely compacted soil surface from livestock treading.  

 

Photographs by Mike George, Plant & Food Research. 

Overall, the cultivation/establishment method is not prescriptive when it comes to sowing 

after winter forage crop grazing and must be assessed under the given set of circumstances at 

the time. Table 3 serves as a guide to the type of cultivation or establishment method that 

could be imposed under various soil conditions. 

It is necessary to consider the type of tillage that might be required, and the associated soil 

moisture status. Soil moisture is a key factor determining soil workability. With the wrong 

implement, tillage under wetter conditions has the risk of smearing, while tillage under 

particularly dry conditions usually requires more cultivation. While some implements (eg, 

 
3 The decomposition of the chemical compounds in organic matter, by which the nutrients in those 

compounds are released in inorganic forms that may be available to plants. 

4 A thin, dense layer developed on the soil surface due to the disintegration of soil aggregates caused by 

heavy rainfall. This layer can hinder the infiltration of water into the soil and impede the emergence of 

seedlings. 
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chisel plough, grubbers, Maxi-till, TopDown, spader-drill) are more suitable under wetter soil 

conditions than others (eg, inversion tillage), the upper limit of soil moisture for tillage (its 

‘plastic limit’) is an important consideration, particularly before inversion tillage (Dexter et al, 

2005).  

The plastic limit is the soil water content at which a fine-grained soil can no longer be 

remoulded without cracking. Tillage can start once the soil water content of the tillage depth 

(the top 20–30 cm) is below the plastic limit. While it is expected that cultivation starts as soon 

as practicable, tilling soils at the optimum soil moisture content (eg, 80–90 per cent of plastic 

limit) can minimise damage to soil structure (Mosaddeghi et al, 2009). If conditions allow, soil 

moisture at its plastic limit can be determined using standard test methods (Daniells and 

Larsen, 1991; Laurenson and Houlbrooke, 2016) or pedotransfer functions5 based on clay and 

organic carbon data (Keller and Dexter, 2012). Alternatively, a simple ‘cultivate/graze test’ 

(provided below), together with the guidance given in table 3, could be adopted to test if the 

soil is too wet to cultivate. If the soil moisture is too high, which could potentially delay the 

sowing of the next crops, practices such as ripping and grubbing can help to aerate and speed 

up its drying.  

The soil moisture requirement for various cultivation methods and soils needs to be studied in 

New Zealand for ensuring both timely sowing and optimal soil structure for plant emergence 

and growth.  

Figure 4:  Cultivate/graze test to identify if soil is too wet to cultivate 

 

Source: Beef + Lamb New Zealand Farm Planning  

 
5 Predictive functions of certain soil properties (eg, plastic limit) from other easily, routinely, or cheaply 

measured properties (eg, soil texture, organic carbon content). 

https://beeflambnz.com/farmplan
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Table 3: Examples of various ground conditions after winter forage crop grazing and potential 

appropriate actions to either sow or prepare for sowing  

Ground condition example Evaluation and possible next steps* 

Pugged soil, extreme water ponding 

 

 

Ground conditions are not suitable for 

resowing activity. 

When most of the surface water has 

infiltrated or evaporated, aeration 

implements (eg, aerators, grubbers) could be 

considered. 

Moderately pugged soil, water ponding 

 

 

Ground conditions are not suitable for 

resowing activity. 

When most of the surface water has 

infiltrated or evaporated, aeration 

implements (eg, aerators, grubbers) could be 

considered. 

Pugged, wet soil 

 

 

Ground conditions are probably not suitable 

for resowing activity. 

Requires further drying, but could consider 

aerating with non-inversion tillage (eg, 

grubbers) if most of the paddock is in the 

same state, or better.  

Conditions might be adequate for specialised 

equipment such as a single-pass spader-drill 

implement. 

Heavily pugged, moist soil 

 

 

Ground conditions are suitable for resowing 

activity. 

Surface conditions are probably suitable for 

aerating and levelling (eg, using grubbers and 

discs). 

If specialised equipment such as a spader-drill 

is available, then this could be used 

immediately. 
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Ground condition example Evaluation and possible next steps* 

Moderately pugged, moist surface 

 

 

Ground conditions are suitable for resowing 

activity. 

Tillage is required to prepare a suitable 

seedbed. Could consider, for example, 

grubbing and/or discing or using a TopDown, 

followed by drilling. 

Ground conditions are also well suited to a 

spader-drill, if available.  

Heavy surface residue, moist surface 

 

 

Ground conditions are suitable for resowing 

activity. 

Next steps will probably require light surface 

working to break down and incorporate some 

of the plant residue into the soil (eg, using 

discs or a TopDown). 

Low pugging, moist surface 

 

 

Ground conditions are suitable for resowing 

activity. 

Next steps might include light surface working 

in preparation for drilling (eg, discs or Maxi-

till), or direct drilling. 

Moderately pugged, surface capping, dry surface 

 

 

Ground conditions are suitable for resowing 

activity. 

Surface ground conditions are dry enough for 

top working.  

Requires remediation of compaction (eg, 

using grubbers, discs and/or a TopDown). If 

soils are dry, heavy clays, more intensive 

machinery like a power-harrow might also be 

required. 

Also suitable for drilling using a spader-drill, if 

available.  
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Ground condition example Evaluation and possible next steps* 

Moderate treading damage, dry surface 

 

 

Ground conditions are suitable for resowing 

activity. 

May require some light surface working, but 

might also be suitable for direct drilling if 

surface compaction is not too severe. 

Minimal treading damage, light surface residue 

 

 

Ground conditions are suitable for resowing 

activity. 

If soils are not too compacted, conditions are 

suited to direct drilling or light surface 

working. 

* Photographs do not necessarily capture the full context at a paddock scale, and therefore this serves as a guide only. 

Alternative actions might be better suited depending on individual circumstances. Not all possible circumstances are 

covered in the set of photographs given. Photographs taken by staff at Plant & Food Research. 

4.2.6 Catch crops 

Key points 
• Catch crops are short-term crops established between two main crops or as part of a 

pasture renewal programme. Their main purpose is to reduce nitrate leaching, but they 

can also reduce surface run-off losses. 

• Catch crops work by: 

‒ reducing the concentration of soil nitrogen by taking up soil nitrogen through their 

root systems 

‒ reducing drainage volume through crop transpiration (Carey et al, 2016; Malcolm et 

al, 2018; 2022)  

‒ protecting the soil surface from erosion and associated run-off of sediment and 

contaminants. 

• More detailed catch crop guidelines can be found in Horrocks et al (2021) via either of the 

following links: 

‒ Catch Crops for Reduced Nitrate Leaching (dairynz.co.nz) 

‒ Catch Crops for Reduced Nitrate Leaching (far.org.nz). 

https://www.dairynz.co.nz/media/5794691/catch-crop-guidelines_august2021.pdf
https://www.far.org.nz/assets/files/blog/files/33f4eb4e-7b3d-5eb3-967c-529bbd0e1f3c.pdf
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Winter-sown catch crops can reduce fallow periods in IWG systems and represent an effective 

mitigation strategy in sheep, beef, arable and dairy farming systems. They have been shown to 

significantly reduce the amount of nitrogen leaching after forage crop grazing, while also 

boosting feed supply in spring (DairyNZ, 2015; Carey et al, 2016; Caradus et al, 2018; Carey et 

al, 2022; Malcolm et al, 2022).  

Research suggests that reductions in nitrate leaching losses from urine patches of up to 59 per 

cent by catch crops are possible on both deep and shallow silt, loam soils (Carey et al, 2016; 

Malcolm et al, 2022). The main way of reducing nitrogen leaching via catch crops (and 

groundcover more generally) is nitrogen uptake by actively growing plants. Crop water use 

(transpiration) is also important to dry the soil profile, thereby reducing the risk of drainage.  

More recently, preliminary results from on-farm trials have shown that catch crops can reduce 

the amount of sediment and phosphorus run-off when sown in winter. However, further work 

is required to confirm the range of conditions under which these benefits occur. 

‘Catch crops’ and ‘main crops’ could feature interchangeably when referring to winter sowing. 

For instance, some main crops (eg, cereal grain crops) could be established earlier than they 

would conventionally be in spring and serve the purpose of both a catch crop and a main crop. 

Figure 5: Catch crops reduce the risk of leaching and run-off via plant uptake and trapping of 

water and nutrients (eg, nitrogen) 

 

Graphic by Wei Hu, Plant & Food Research. 

When catch crops should be sown 

Key points 

• Plan to sow catch crops as close to the end of grazing as possible. 

• For cereal catch crops such as oats, soil temperatures at 5-cm depth should be 4°C or above. 

• Perennial grasses should ideally be sown when soil temperatures are 8–10°C and rising. 

Catch crops are most effective at capturing nitrogen and reducing leaching when sown 

immediately after grazing (Carey et al, 2016; Malcolm et al, 2021). This is because the 

conversion of nitrogen in livestock urine to nitrate can occur rapidly depending on soil 

temperature (eg, days to weeks) but it can take several weeks (eg, three or more) before 

newly winter-sown groundcover emerges and is able to take up much mineral nitrogen and 

stabilise the soil surface to mitigate the risk of contaminant (eg, sediment, E. coli) run-off. 

Therefore, any delay in sowing a catch crop that extends the time between when 

contaminants (including nitrate from urine) are deposited (eg, livestock excreta) and when 

catch crops are well established on the soil surface will increase the risk of contaminant losses.  
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Computer simulation modelling has shown that for every month that sowings are delayed, 

there is a notable reduction in effectiveness at reducing nitrate leaching (Malcolm et al, 2019). 

Sowing catch crops as late as September can still result in an environmental benefit — 

particularly in colder climates such as Southland where it takes longer for the nitrogen to be 

converted into nitrate — but the benefits of later establishment are reduced. Should delays in 

sowing catch crops extend to September/October or beyond, then focus probably needs to be 

on the establishment of the subsequent spring/summer (main) crop or pasture. 

The base soil temperatures (the lowest temperature at 5-cm depth at which plant 

development stops) established for 75 per cent emergence of oats and Italian ryegrass are 1.6 

and 1.8°C, respectively (Yusoff et al, 2012). Leaf emergence can occur at 3°C. Therefore, 

cereals (eg, oats) can be sown when average daily soil temperatures are 4°C and rising. 

When cereal catch crops are sown in winter, emergence is typically slow (eg, 4–5 weeks in 

Canterbury and Southland). Therefore, where there is only a short period of time before the 

planned sowing date of the next main crop or pasture, catch crops may not be a viable option.  

What species of catch crop should be used 

Key points 

• When sowing in winter, ideally select winter-active species (eg, cereals). Using multi species 

in the mix (eg, Italian ryegrass with a cereal) can increase the probability of success, 

particularly in high-rainfall environments (eg, Westland).  

• Seek advice from local seed experts about the various options available and the right 

combination for your farm system. 

Choose the most suitable species based on typical local soil temperatures. Warmer 

environments support establishing a wider range of crop species. Cool environments are best 

suited to winter-active species (eg, cereals and Italian ryegrass) that can establish in cooler soil 

temperatures. Forage oats are a good, well-tested, reliable catch crop option (Malcolm et al, 

2018; 2021; Carey et al, 2022). Including Italian ryegrass with a cereal, particularly in high-

rainfall environments (eg, Westland), can increase the probability of successfully establishing 

groundcover and offers multiple grazings or silage cuts.  

Growing a catch crop purely as an environmental tool, with no intention to gain a direct 

economic return (eg, incorporated as green manure), can influence your choice of crop and 

how it is managed. For instance, crops with lower nutritional value could be used. Legumes 

could also feature in a winter-sown mixture, but research has shown they are usually less 

winter-active than non-leguminous species (Thapa et al, 2018). In addition, as atmospheric 

nitrogen-fixers, legumes might negate some of the environmental benefits that non-

leguminous species offer. Further work is required to confirm this.  

For green-chop cereal silage, it is generally best to harvest at the booting stage of plant 

development, that is, when the seed head is just beginning to emerge, for a good balance of 

high yield and good feed quality. Alternative uses for winter-sown catch crops might include 

grazing, green manure, whole-crop cereal silage or grain.  
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Beyond the catch crop phase 

In the situation where conditions do not allow for sowing a catch crop in winter-early spring 

months, and the intention is to sow a winter forage brassica or fodder beet, this should be 

done as soon as environmental conditions are appropriate. Overall, for winter brassicas and 

fodder beet crops, soil temperature should be 10°C and rising before sowing starts (Stephen, 

1976; Brown et al, 2007; De Ruiter et al, 2009; Chakwizira et al, 2011; Khaembah et al, 2020). If 

the intention is to sow temperate perennial or short-rotation species such as perennial 

ryegrass, Italian ryegrass, timothy, chicory, cocksfoot, prairie grass, tall fescue, white clover, 

red clover, subterranean clover or lucerne, in general these ideally are best sown when soil 

temperatures are 8–10°C and rising (Moot et al, 2000). However, thermal time requirements 

for emergence do vary between species, and therefore some species (eg, Italian ryegrass) can 

be sown at cooler soil temperatures. 

Case study 2 

Comparison of early September-sown oats and October-sown perennial ryegrass and white 

clover pasture after winter grazing of fodder beet in Canterbury, on a Templeton soil. 

 

Photograph by Mike George, Plant & Food Research. 

How catch crops should be sown 

Key points 

• For cereal catch crops, drill at 3–4 cm depth, and 1–2 cm for small-seeded crops such as 

ryegrass. 

• Target high plant populations (300 plants/m2). For oats, this is equivalent to 110–120 kg 

seed/ha, depending on germination test results.  

• When mixing Italian ryegrass with a cereal such as oats, suitable sowing rates are 

approximately 20 and 80 kg seed/ha, respectively. 

When conditions allow, drilling as opposed to broadcasting increases the probability of 

successful emergence and generally results in a more productive crop and greater amounts of 
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nitrogen captured (Malcolm et al, 2017). Broadcasting catch crops can be successful, however, 

particularly if good soil-seed-contact is achieved with sufficient moisture for germination, and 

bird damage is kept to a minimum by, for example, using bird repellents (Lane, 2022b). On 

sloping paddocks, sowing with the contour of the land will help intercept sediment and 

mitigate surface run-off losses. 

When sowing catch crops in winter to maximise early nitrogen uptake, ideally target high plant 

populations/sowing densities to maximise light interception, early crop canopy development 

and nitrogen uptake. For cereals, aim for 300 plants/m2 (Michel et al, 2022). Typical target 

populations for cereal grain crops are approximately 150 plants/m2, and although this is lower 

than desired for winter-sown catch crops, environmental benefits can still be achieved at these 

lower populations.  

Nitrogen fertiliser and catch crops 

Key points 

• Nitrogen fertiliser is generally not needed, or recommended, at sowing during winter 

months.  

• To maximise dry matter production and feed quality of catch crops (eg, oats), some 

nitrogen fertiliser might be required after the crop has established and soil temperatures 

are at 6°C and rising. 

It is not recommended to apply nitrogen at sowing in winter. Catch crops are used to scavenge 

for soil nitrogen and applying nitrogen to catch crops when conditions are not suitable risks 

environmental damage and loss of nitrogen. Some nitrogen fertiliser might be required during 

the middle stages of growth (eg, at tillering) for winter-sown cereals, or when soil 

temperatures rise above 6°C (Fertiliser Association, 2013).  

Generally, nitrogen requirements fall outside of the drainage/leaching season, and therefore 

will probably not compromise the environmental gains by the catch crop (Malcolm et al, 2022). 

Applying nitrogen fertiliser is more likely to be necessary in wetter seasons or on light, shallow 

soils. Soil testing can help verify if and how much nitrogen or other nutrients might be 

required.  

Generally, if the catch crop is being sown solely as an environmental tool, with no intended 

return from the crop (eg, used for green manure), then no nitrogen is required.  
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Case study 3 

Catch crop trial plots of oats sown on 11 July (using a single pass, spader-drill) following winter 

grazing of fodder beet in Southland. Soil temperatures in July were 5–6°C.  

Half of each plot received 40 kg N/ha (urea) on 15 October (darker green shading). Oats 

around the outside of the trial plots were sown on 31 August.  

 

Photograph taken by Brendon Malcolm, Plant & Food Research. 

 

Grass wintering 

While grass wintering does not fall under the definition of IWG, and therefore is not covered 

by the IWG regulations in the NES-F, the high-stocking densities often associated with grass 

wintering can potentially result in similar outcomes to that of winter grazing of annual forage 

crops.  

However, when managed well together with good farm management practice, this can serve 

as a potentially suitable strategy to maintain groundcover after wintering. For instance, where 

grass paddocks are not too damaged by livestock treading, regrowth can occur, acting as a sink 

for nitrogen and a layer of protection from surface run-off losses of contaminants.  

As per the grazing of forage crops, these paddocks should be managed to minimise the 

intensity of pugging to encourage regrowth. Where severe pugging has been unavoidable 

owing to adverse weather events or operational constraints, some groundwork and reseeding 

might be necessary. 
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5. Knowledge gaps and 

limitations 

In reviewing the current scientific literature and creating this guidance document, the 

following knowledge gaps and limitations have been identified: 

• This guide does not provide universal recommendations for all scenarios, given the 

complexity and variety in individual IWG systems, such as variable climates, topography 

and farm operation. 

• While different establishment methods (eg, conventional tillage vs no-tillage) of winter 

forage crops could have implications for re-establishing groundcover after IWG, there are 

potential trade-offs with different methods that need quantifying (eg, leaching vs nitrous 

oxide emissions vs production). More research in multiple regions covering various soil 

types is required. 

• When considering different soil types and/or textures for winter grazing, there are trade-

offs between suitability for re-establishing groundcovers and nitrogen leaching risk. For 

example, early grazing of forage crops on shallow (often stony) free-draining soils 

increases the probability of early groundcover establishment, but these soils also tend to 

have greater drainage and a higher risk for nitrate leaching. Trade-offs such as these need 

further assessment. 

• The potential to undersow annual forage crops with plants capable of rapid regrowth after 

grazing could have many benefits for plant production and the environment. However, 

very few studies have quantified the benefits and trade-offs of undersowing forage crops 

with groundcover and its application to different IWG systems. More research is needed 

to identify the most suitable crop species, systems and environments where this strategy 

might be of benefit. 

• When considering the soil moisture content for cultivation purposes, established and 

recognised upper soil moisture contents for various tillage methods and soil types and/or 

textures do not feature in literature and this topic therefore requires more research. 

• Most of the research in New Zealand on the role of catch crops in IWG systems has 

focused on the capture of nitrogen to reduce nitrate leaching. More work is needed to 

determine how effective winter-sown catch crops can be at reducing surface run-off losses 

of sediment and other contaminants. 

• Ground and weather conditions can make it very difficult to sow catch crops in winter 

using conventional ground-based machinery; therefore, there is need for further research 

into alternative ways of establishing catch crops in IWG systems (eg, aerial seeding).  

• The best outcomes for production and the environment from IWG systems are likely to 

result by applying a combination of forage crop, winter grazing and groundcover 

management practices that depend on the soil type, climate and farming system. More 

research is needed to identify the options for best practice management of IWG systems 

for different pedo-climatic zones and farm systems in New Zealand.  
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