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1. Background  

The dairy catchments project commenced in 2001 with the aim of integrating 

environmentally sustainable practices into dairy farming, against the background of 

the industry’s policy of increasing farm business productivity.  The broad aims of this 

project are: 

(i) to identify key local environmental and productivity issues surrounding 

landuse within the catchments,  

(ii)  where necessary, identify and develop improved practice to address these 

key issues, and  

(iii)  encourage the adoption of these practices.   

Four catchments were originally selected, two located in traditional dairy farming 

areas in the North Island (Toenepi in Waikato and Waiokura in Taranaki; see Figure 

1) and two in areas in the South Island that have only recently undergone 

conversion to dairy farming (Waikakahi in Canterbury and Bog Burn in Southland).  

Monitoring of a fifth catchment (Inchbonnie) located on the West Coast commenced 

in 2004. 

Bog Burn
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2. A structured approach to managing catchment water 

quality  

A catchment management planning process was followed to strategically direct science 

activities and extension efforts targeting farmer adoption of key land management 

practices (Figure 2). Within each catchment this planning process has, in sequential 

order, (i) made an assessment of water quality status (of both the stream and 

downstream receiving waters that might be affected), (ii) identified the key linkages 

between land management activities and water quality, (iii) defined the key values 

associated with each catchment, which in turn defined a set of catchment-specific water 

quality targets, (iv) determined the most appropriate land management guidelines 

required to deliver to these targets, and (v) developed and implemented farm plans of 

varying complexity that address the key environmental performance indicators identified.  

To guide farm decision making about the most appropriate mitigation strategies for 

reducing losses of nutrients or faecal microbes from particular farms, a Toolbox of Best 

Management Practices (BMPs) was used.  This documents the cost, effectiveness and 

cost-effectiveness of a range of BMPs and assists in prioritising farm expenditure on 

mitigation efforts. 
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Figure 2.  The catchment management planning process. 
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3. Stream water quality and farming impacts 

On-going monitoring of the streams draining these intensively farmed catchments shows 

that water quality can be generally described as poor, with concentrations of nutrients, 

sediment and faecal bacteria regularly exceeding recommended guidelines for surface 

waters.  Particularly high levels of Escherichia coli (E.coli) are observed in the Waiokura 

Stream (typical of many small streams that originate and are wholly within dairy 

landscapes, and with very different water quality to the larger rivers fed by snow melt in 

Egmont National Park).  Notably high levels of filterable reactive P (FRP) are also 

observed in the Toenepi and Waikakahi catchments.  Whilst it is probably unrealistic to 

expect “infertile waters” to flow from fertile and highly productive land – and it is 

important to note that recommended guideline values represent conditions that might 

“trigger” an investigation to either remedy a perceived problem or to develop more 

appropriate guidelines (ANZECC, 2000) in New Zealand lowland streams - there is 

clearly a need and desire to ensure that farm leakages of the above stream 

contaminants are either kept to a minimum or, if off-site impacts are clearly identifiable, 

reduced.   

 

Some of the key land-water linkages that were initially identified are listed below: 

• Effluent pond discharges, stock access to streams and riparian margins, and runoff 

from the heavy Topehaehae soils that line the Toenepi stream are important sources 

of faecal microorganisms in this catchment. 

• In Waiokura, some of the key issues identified were the (i) large number of cattle 

crossings and stream tributaries, making it challenging to keep stock separate from 

waterways, and (ii) numerous discharges of dairy shed effluent from treatment 

ponds. 

• The key feature of the Waikakahi catchment is that the low rainfall is supplemented 

by border-dyke irrigation and that excess runoff from the irrigated land has a major 

influence on the water quality of Waikakahi Stream. 

• High runoff loads of sediment and P leaving Inchbonnie, due to high rainfall (5 m/yr), 

are the major concerns. Runoff from recently-applied fertiliser P, soil P and the P 

deposited in dung (at pasture, at stock crossings or in the milking parlour) have been 

identified as some of the key sources of P lost from farms to the stream. 

• Water quality in Bog Burn is influenced by runoff conveyed via the subsurface 

drainage system, especially interception of irrigated effluent. Preliminary 

measurements and modelling also indicates that cow wintering on brassica forage 

crops also makes a disproportionately large contribution to N losses from the 

catchment. 
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Much of the information gathered as part of this project has been documented in 

scientific papers (12), conference presentations (13), industry reports (12), a master’s 

student project and a newsletter series (6 to date).  A list of these sources is contained 

in the Bibliography at the end of this document. 
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4. Linking on-farm actions to catchment values 

Early in the study it was recognised that the development of Farm Plans would be 

helpful tools for farmers tackling “environmental” initiatives on their properties, such as 

upgrading effluent management systems or fencing and planting riparian strips.  These 

plans are helpful for defining some of the most obvious issues to be tackled first and for 

developing a schedule of when important tasks will be completed.   

 

An important aspect of the activities within the Catchments project has been the 

recognition that “one size doesn’t necessarily fit all” with respect to the adoption of 

appropriate BMPs which seek to minimize contaminant losses from soil to water.  There 

are 2 main reasons for this.  Firstly, the physical features that make up a NZ dairy farm 

vary widely.  This includes the natural resources of the farm, such as soil-climate-

topography-drainage combinations, and the infrastructure available for the day-to-day 

management of the dairy system.  These variables determine where the key sources of 

stream contaminants will be generated on farm.  Secondly, there is growing recognition 

that water quality targets (and thus required BMPs) will vary from catchment to 

catchment depending upon the sensitivity of the receiving waters and the expectations 

of the local community as expressed in regional plans.  In recognition of this regional 

variability, stakeholder workshops have been held in all catchments to identify some of 

these sensitivities and formalise some of the particular values associated with each 

catchment: 

Toenepi: • Stream recreation 
• Stream acts as an important drainage conduit 

Waiokura: • Fishing/spawning 
• Stream recreation 
• Aesthetics 

Waikakahi: • Fishing/spawning 
• Stream acts as an important drainage conduit 
• Aesthetics 

Bog Burn: • Fishing/spawning 
• Groundwater used as a source of domestic drinking water 
• Stream recreation 
• Drains to the Oreti River, which supplies drinking water for half 

the population of Southland 
• Stream acts as an important drainage conduit 

Inchbonnie • Contact recreation in Lake Brunner 
• Appearance of Lake Brunner 
• Fishing/spawning 
• Clear water 
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At Bog Burn, sediment management was identified as a key issue for enhancing the Bog 

Burn fishery, whereas phosphorus and faecal pollution were the key issues for 

protecting Oreti River values.  Farm finances (EBIT) was the key farmer value. A 

Bayesian Belief Network (Fig. 3) was constructed for this catchment to help evaluate 

which practices were most effective to help meet these identified values.  The model 

was used to evaluate the effects of management practices applied singly or in 

combination. Of the single management actions, deferred effluent irrigation was 

predicted to have most benefit for the Oreti values, while riparian fencing and planting 

had most benefit for trout in Bog Burn. Combining practices that reduce farm pollutant 

losses produced more benefit and cost less than simply focusing on edge of field 

controls with riparian management and wetland treatment systems for tile drainage. 

However, combining the best of these practices had added benefits for relatively low 

cost. 

Opt P fert
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P loss
N loss

Oreti algae up

DCD use

rip planting
Rip veg

Race runoff control

N fert
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Figure 3.  The Bog Burn farm-waterway linkage model (J Quinn, pers comm.)  

 

This approach of linking identified values to on-farm managements has been used to 

guide Farm Planning initiatives in the catchments to ensure that any on-the-ground 

actions help to improve the relevant values identified above.  The Farm Plans that 

eventuated in each of the catchments varied in complexity according to the resources 

(i.e. personnel) available and the initiatives that were already underway locally.  In the 

case of the Waiokura catchment, a comprehensive riparian fencing and planting 

planning initiative had been supported by the local regional council, and farm planning 
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efforts accordingly dove-tailed in with this.  In the case of the Toenepi catchment, 

comprehensive Farm Plans dealing with effluent, silage, riparian and nutrient 

management issues were developed with the support of the local regional council, 

Fonterra and DairyNZ field staff, and research providers.  All Plans at least addressed 

the 5 specific goals of the Clean Streams Accord (MfE 2003). Particular emphasis was 

placed on nutrient budgeting and/or nutrient management planning.  The OVERSEER® 

nutrient budgets model was a key planning tool that was used to achieve this.  This tool 

was also one of the key modelling tools used to define the relative importance of 

sources of N and P within the catchments (e.g. Monaghan et al. 2004, 2007a,c, 2009). 

For the Waikakahi and Bog Burn catchments, a simpler farm planning approach that 

could best be described as the “Accord plus 1” Plan was followed.  In addition to the 

Accord goals, these plans focussed on only one key land management practice, 

additional to the Accord goals, that was directly linked to catchment water quality.  

Deferred and/or low rate effluent irrigation to land were identified as BMPs most relevant 

to Bog Burn.  The one key land management activity addressed in the Waikakahi 

catchment involved minimizing the amounts of water, nutrients and faecal bacteria lost 

from border dyke irrigated pastures due to over-watering.  Bunding of border ends to 

prevent excessive flow of border dyke wash water (particularly for those borders located 

in near-stream areas), setting clock timers to avoid applying excessive amounts of 

irrigation water, maintenance of irrigation races to ensure system performance is 

maintained and adherence to Best Practice for the application of maintenance P fertilizer 

(consideration of the timing, relative to irrigation events, and/or form of P application) 

were management practices that were recommended to improve farm environmental 

performance.  Re-bordering of old irrigation bays was also encouraged. 

 

5. Changes in farming practices, soil quality and catchment 

water quality 

The project is now into its 8th year and has consequently built up a valuable record of 

trends in catchment water quality.  Coupled to this water quality record are the detailed 

surveys of farm practices and soil quality which have allowed us to (i) assess the land 

“pressure” on water quality, (ii) identify any changes in this pressure in response to 

changes in farm practices resulting from the Farm Planning and extension efforts, and 

(iii) link trends in catchment water quality to changes in farm practices.  Below are some 

of the key changes identified for each catchment. 
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Toenepi Stream (Waikato) 

Over the period 1995-2008 there have been marked reductions in total nitrogen (TN), 

total phosphorus (TP) and suspended sediment (SS) losses in this catchment, such that 

the stream loads in 2007 were 71, 64 and 24% of their respective values in 1996.  The 

reduced sediment loads are most likely due to increased stock exclusion from stream 

banks, whereas the changes in N and P loads are attributable in part to fewer 

discharges of dairy shed effluent and more farmers using land irrigation. The reduced 

SS concentrations have resulted in a marked improvement in water clarity (the average 

‘black disc’ depth has gone from 0.6 m t0 1.4 m during 1995-2007) with correspondingly 

better habitat conditions for fish and aquatic invertebrates. 

 

Waiokura Stream (Taranaki) 

Significant improvements have occurred since monitoring began in 2001. Loads of 

filterable reactive P (FRP), TP and SS have declined by 25-40% as a result of increased 

riparian protection from 40 to 52% of the total stream length – notably in key reaches 

where major inputs to the stream were identified from stream surveys.  A reduction in 

dairy shed effluent (DSE) pond discharges following conversion to land irrigation, and a 

50% reduction in the average application rate of P fertiliser, are management changes 

that will have also contributed to these observed reductions. Median annual E. coli 

concentrations declined at a rate of 116 per 100 ml as a result of fewer point source 

discharges and improved riparian management.  

 

Waikakahi Stream (Canterbury) 

Concentrations of nutrients, faecal indicators and turbidity were compared for two 

periods, 7 Sep 1995 – 10 Apr 2000 and 10 Apr 2001 – 9 May 2005, showing that 

median concentrations were very similar for the two periods. Perhaps the most dramatic 

change that has occurred over the last 10-12 years has been the 4-fold reduction in 

sediment loads at Glenavy that resulted from (a) retirement of a sacrifice paddock, and 

(b) improved stock exclusion (fencing) from stream banks and springs (refer to 

Catchment Newsletter, Issue No. 5). 

 

Inchbonnie (Westland) 

Because monitoring has only been underway since 2004 there is not yet a long enough 

record to make meaningful statements about water quality trends. Recent research on 

the trophic status of Lake Brunner has shown that it is P limited. As a result, future farm 
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management work will therefore focus on reducing inputs of P from dairying to nearby 

waterways that enter Lake Brunner. 

 

Bog Burn (Southland) 

There is a slight downward trend in N but little change in concentrations of P, E. coli and 

suspended sediments.  These concentrations have remained relatively stable despite a 

70% increase in milk produced within the catchment between 2001 and 2009.   This 

increased milk flow has come from increases in both per hectare production and the 

area of land used for dairying.   

 

On-going surveys of farm nutrient inputs indicate that some important farm management 

practices are improving.  This is evidenced by the gradual reduction of P inputs on the 

average dairy farm to their economically optimal levels (Figure 4a) and the reduction of 

fertiliser K inputs to farm effluent blocks (Figure 4b).  The implementation of some other 

key farm management practices that have likely benefited water quality, or at least 

helped to off-set expected losses due to the on-going intensification of land use within 

the catchments, include: 

• Extensive re-bordering of land within the Waikakahi catchment to improve water 

use efficiency and reduce volumes of irrigation wipe-off water escaping to 

streams.  We estimate that perhaps between 30 to 50% of the border dyke land 

in the catchment has been upgraded over the last 5 years 

• On-going protection and development of riparian margins in the Waiokura 

Stream 

• Increased effluent pond storage and lower effluent application depths per pass 

for dairy farms in the Bog Burn catchment 

 

Biennial assessments of soil physical, chemical and biological quality have been 

completed for the major soil types within each of the catchments since 2001 (or 2004 in 

the case of the Inchbonnie catchment).  These surveys indicate that, overall, levels of 

soil quality can generally be considered good. Measures of soil biological quality 

indicated levels of soil organic carbon and total nitrogen were considered normal or 

ample for dairy farms in all the catchments. Organic carbon levels have been relatively 

consistent over time for all of the catchments. However, a small but significant decrease 

in organic carbon levels can be observed within the Waiokura catchment between the 

2005 and 2007 surveys.  Mean soil macroporosity was at or near optimum levels for all  
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Figure 4.  Surveyed (A) farm P inputs and (B) effluent block K inputs to an “average” 

dairy farm in each of the catchments. Maintenance farm P requirements are estimated 

at between 40 and 50 kg P ha-1year-1; maintenance K requirements are estimated at 

between 50 and 80 kg K ha-1year-1.
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 catchments, although each catchment except Waiokura had at least one site below 

optimum levels. Thirty three percent of properties from the Bog Burn catchment had less 

than optimum macroporosity values.  A significant proportion of farms within all 

catchments had higher than optimum levels of soil Olsen P. These high levels are likely 

to be uneconomic and pose increased risk of P runoff to waterways. The percentages of 

dairy sites within the high category (i.e., Olsen P > 40) were 83%, 95%, 72%, 40% and 

53% for the Toenepi, Waiokura, Waikakahi, Inchbonnie and Bog Burn catchments, 

respectively. This result has occurred despite the fact that one-on-one nutrient 

budgeting with dairy property owner/managers has taken place, and evidence from farm 

surveys which suggest that P fertilization rates in all catchments have significantly 

decreased (Figure 4a). However, changes in soil test status following a change in 

fertilization policy can be slow to manifest themselves. Within all the catchments, there 

were many sites with higher than optimum levels of soil K, and also some sites with very 

low K levels.  However, there continues to be evidence that the soil compaction 

problems identified in the Toenepi catchment have been rectified, with a 10% unit 

increase in soil macroporosity since the 2001 survey. 

 

6. Field scale research projects undertaken within the 

catchments 

A number of research projects supported by a range of funders have been undertaken 

within the catchments: 

• The effectiveness of the nitrification inhibitor dicyandiamide (DCD) for reducing 

soil nitrification rates and increasing pasture production in the Inchbonnie 

catchment (Monaghan et al 2007b and reported in Catchments Newsletter No. 

4) 

• Constructed wetland performance in the Bog Burn catchment (reported in 

Catchments Newsletter No. 4) 

• Improved irrigation management practices in the Waikakahi catchment (reported 

in Catchments Newsletter No. 4). 

• The importance of farm lanes as sources of stream pollutants in the Bog Burn 

catchment (reported in Catchments Newsletter No. 5 and accompanying Client 

report to SFF (Monaghan & Smith 2009)). 

• Losses of phosphorus in runoff from grazed pastures in the Inchbonnie 

catchment (reported in Catchments Newsletter No. 5). 

• Restoration of a headwater wetland for removing stream nutrients in the Toenepi 

catchment (reported in Catchments Newsletter No. 5) 
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7. Summary 

There is increasing concern, expressed both locally and nationally, about the negative 

effects that intensive farming can have on the environment. Whilst research shows that 

dairy cows are never the sole contributor to any issue, and there is wide 

acknowledgement of the key economic and social benefits of the industry, there is also 

recognition that certain landuse practices on dairy farms can result in degraded water 

quality.  Five predominantly-dairy farming catchments are being monitored on behalf of 

the NZ dairy industry to benchmark soil and water resource status for a well-defined set 

of land management activities.  Where improved water quality status in these 

catchments has been sought, BMPs have been recommended based upon (i) 

understanding the linkages between water quality and how farms are managed, (ii) their 

cost-effectiveness, and (iii) appreciating the importance of farm context when mitigation 

measures are being deliberated.  Research indicates that the adoption of targeted BMPs 

are likely to deliver significant improvements in the environmental performance of dairy 

farms within the catchments.  Farm Planning and extension initiatives centred on the 5 

study catchments have contributed to some observed improvements in management 

practices and catchment water quality.  This can be regarded as a significant success, 

given the on-going intensification of farming systems that has occurred over the life of 

the project.   
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