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Introduction 
The Best Practice Dairying Catchments for Sustainable Growth study (commonly 
called “Best Practice Dairy Catchments” or BPDC) began in mid-2001, shortly after the 
establishment of Fonterra. The project initially comprised four catchments located in 
key dairying regions with specific geoclimatic challenges for farmers to minimise 
adverse effects on natural waters. Key objectives of the study were to (i) establish 
baseline water quality under present farming methods and land use intensity, (ii) define 
linkages between land use and water quality in order to derive Good Management 
Practices (GMPs), and (iii) monitor changes in water quality as GMPs were adopted 
by farmers. The research providers were NIWA and AgResearch. 

The initial four catchments were Toenepi (Waikato); Waiokura (south Taranaki); 
Waikakahi (Waitaki Valley, Canterbury) and Bog Burn (central Southland). Inchbonnie, 
in the Lake Brunner catchment (West Coast), was added in 2004 (Fig. 1).  

Funding for monitoring of the initial four catchments came from: 

� Fonterra via Dairy Research Institute, now called Fonterra Cooperative 
Group, and the MAF Sustainable Farming Fund  

� Dairy Insight, and 

� The Pastoral 21 consortium, ending on 28 February 2011 (although 
monitoring of flow and water quality continued to be carried out by 
NIWA until April/May 2011).  

Since 2011, monitoring for water quality and flow has been carried out by the local 
regional councils, augmented by NIWA (MBIE Contract C01X1002). Farm surveys 
carried out by AgResearch at 2-3 year intervals, ceased in 2011. The current 
monitoring status of each stream is shown in Table 1. This newsletter summarises all 
of the data that has been collected up to April 2013 and discusses current trends in the 
five catchments along with current work assessing biological responses to changes in 
farm management. In addition we include data from the last farm survey and the 
potential of integrated measures for reducing N losses.  

Table 1: Current monitoring in the Best Practice Da iry Catchments.  

Stream/Catchment Code Monitoring agency Comment 

Toenepi Stream TOE NIWA Monthly water quality and continuous flow 

Waiokura Stream WAI Taranaki Regional Council Monthly water quality; continuous flow 
currently by NIWA 

Waikakahi Stream WKK Environment Canterbury Monthly water quality and continuous flow 

Bog Burn BOG Environment Southland Monthly water quality; instantaneous flow 
estimated by correlation with nearby sites 

Pigeon Creek 
(Inchbonnie) 

INC West Coast Regional 
Council 

Monthly water quality (no flow data) 

 



 

Figure 1: Photographs of the dairy catchment stream s in 2011-12.   Toenepi Stream 
(top left); Waiokura Stream (top right); Waikakahi Stream (centre left); Pigeon Creek (centre 
right left); Bog Burn (bottom). (Photographs by Aslan Wright-Stow) 

Current Water Quality 
Water quality median concentrations for each stream over its entire monitoring period 
are compared (Fig. 2) with reference median concentrations developed using the River 
Environment Classification (REC) (McDowell et al. 2013). REC reference values were 
derived for minimally disturbed catchments having less than 5% intensive agriculture 
and taking into account geoclimatic features. The BPDC stream median water quality 
concentrations are 2–40 (average 9) times the respective reference values. Water 
clarities were on average half the respective reference values.  



 

Figure 2: Median concentrations relative to median reference values for the River 
Environment Classification streams in each respecti ve region (REC).  (McDowell et al. 
2013). Key: TOE=Toenepi, WAI=Waiokura, WKK=Waikakahi, INC=Inchbonnie, BOG=Bog 
Burn. The vertical red line indicates reference values. 

Trend analysis for entire concentration data sets between 2001 and 2011 (Fig. 3) 
showed mixed responses for Total Nitrogen (TN); increasing at two sites, decreasing 
at one and no change at two. Total Phosphorus (TP) remained unchanged at four sites 
and decreased at one. Clarity increased (improved), and E. coli and Total Suspended 
Solids (TSS) decreased at most sites, despite increases in land use intensity in all five 
catchments: increases in the use of N fertiliser, purchased feed and milk production 
per hectare. Notably, P fertiliser use declined in all catchments over 2001-2009.  

Trends to 2013

(years) TN TP Clarity E.coli TSS

Toenepi
(16)

N.C. N.C. � N.C. �

Waiokura
(10)

N.C. N.C. � � �

Waikakahi
(16)

� N.C � � �

Inchbonnie

(7)

� � � � �

Bog Burn
(10)

� N.C. N.C. � �

  

Figure 3: Trends in water quality for the five 'Bes t practice' dairy streams.   
Concentration units are: mg/L (TN, TP and TSS), m (clarity) and MPN/100ml (E. coli). 



Summary of key points: 

� Oxidised N forms comprising the sum of nitrate and nitrite N (NOX-N) were 
dominated by nitrate, with nitrite being less than 1% of NOX-N. 

� Median nutrient concentrations are well above reference values for minimally 
disturbed lowland rivers, but well below levels known to be toxic to 
invertebrates (Hickey 2013).Nutrient concentrations (N and P) remain elevated 
in all streams relative to regional reference sites, especially for nitrate and 
dissolved reactive P (DRP).  

� Only 3% of Toenepi Stream and Pigeon Creek (Inchbonnie) data exceeded the 
ANZECC (2000) NH4-N toxicity guideline for protection of 95% of aquatic 
species (0.9 mg/L). All other stream data were well below this. (This also 
applied with respect to the 2013 USEPA chronic exposure guideline of 0.78 
mg/L at pH 8 and 20°C).  

� Improved treatment and disposal of farm dairy effluent (FDE) – fewer pond 
discharges to streams and greater use of good land application methods – are 
the likely reasons for the lower incidence of high NH4-N concentrations. 

� NOX-N data, other than for the Inchbonnie and Waikakahi Streams, were highly 
seasonal, with minimum concentrations in late summer and maxima in late 
winter. The Inchbonnie catchment has a high annual rainfall (~5 m yr-1) and the 
low proportion of NOX-N in TN is thought to have been a result of incomplete 
oxidation of ammonia before mobilisation of N occurred in drainage and surface 
runoff events. Border-dyke irrigation in the Waikakahi catchment during spring-
autumn produced runoff that increased in-stream concentrations of nutrients, 
sediment and E. coli (Monaghan et al. 2009).  

� Flows in Toenepi Stream during summer originate from old, denitrified 
groundwaters with very low N concentrations (Stenger et al. 2008). During high 
water table conditions in winter, water input to the stream is mostly from 
shallow (<3 m), nitrate-bearing groundwater (Woodward et al. 2013).  

� The proportion of NOX-N increased as median TN concentrations increased 
(Fig. 4) across the five catchment streams. NOX-N comprised about 50% of TN 
when median TN was 1 mg/L, but was 85% when TN was 3 mg/L. 
Concentrations of DRP were on average 30-70% of TP. 

� Trend analysis showed decreases in TSS concentration for all streams, 
generally increasing water clarity, and lower E. coli concentrations in three of 
the streams. These are attributed to improved stream fencing (cattle exclusion) 
and greater use of land application methods for effluent, with less reliance on 
pond systems discharging to streams. Fencing of the main streams increased 
from about 50% to 85% between 2001 and2011. 

� Yields (annual loads per ha) of TP and TSS have declined in Toenepi, 
Waikakahi and Inchbonnie; remained constant in Waiokura; and increased in 
Bog Burn. TN yields have remained steady in all catchments except Bog Burn, 
where they have increased (Wilcock et al. 2013). 



 

Figure 4: Relationship between nitrate-N (NO X-N) and total N (TN) median 
concentrations in the five dairy catchment streams.   

 

Water quality conclusions 
Although water quality in the five dairy streams has improved as a result of simple 
changes in farm management, nutrient levels at all sites remain well above reference 
conditions and further interventions are required to improve water quality. Proposed 
changes in water resource management aim to enforce more stringent limits for the 
protection of particular water body values through a regulatory framework overlain on 
a collaborative process to engage communities in objective setting (MfE 2013).  

Recent research has identified a number of possible approaches to reducing diffuse 
source pollution from dairy farms that included a suite of on-farm actions to manage 
farm loadings, as well as mitigations around critical source areas and hydrological flow 
paths that intercept pollutants at the land-water interface1,2. Mitigation and 
management actions that result in better environmental outcomes are termed Good 
Management Practices (GMPs). In these examples, GMPs go some way to improving 
water quality, however, further mitigations are required to further reduce nutrients 
entering water bodies. 

Biological Condition 
Ongoing research that is evaluating the relationships between uptake of GMPs, 
changes in water quality, and biological condition of the five dairy catchment streams, 
has shown that: 

� Invertebrate responses to GMPs were generally neutral or positive (Table 2).  

� Between 2001 and 2012 the number of invertebrate taxa increased at three 
sites (Bog Burn, Waikakahi, Toenepi), however the species contributing to 
these increases were typically tolerant of enrichment.  

                                                
1 http://www.waikatoregion.govt.nz/menus 
2 http://www.mfe.govt.nz/issues/water/freshwater/supporting-papers/assessment-strategies-mitigate-impact-loss-
contaminants-agricultural-land-freshwater.pdf 
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� Proportions of sensitive species (Ephemeroptera, Plecoptera, Trichoptera; 
%EPT taxa) remained unchanged across all sites between 2001 and 2012 and 
improvements in an index of organic enrichment (SQMCI) were observed only 
at the Inchbonnie site (Table 2). 

� Lack of connectivity to sources of sensitive species may be constraining 
improvements to invertebrates compared with, for example, highly mobile trout 
that have increased in the Waikakahi over the same period (Holmes et al. 
2012).  

� These connectivity constraints, as well as lags in riparian vegetation (and 
shade) development mean that significant improvements to biological stream 
health in many cases will take more than 10 years and require additional 
GMPs, as well as an adjustment of expectations for target ecological response. 

Table 2: Biological trends over the monitoring peri od at the five BPDC stream sites.    
Arrows indicate significant (P<0.05) upward or downward trends. N.C. = no change. 

Potential Integrated Measures for Reducing N Losses  
The key trends in stream water quality show how, as expected, measured N losses 
have increased in catchments where land use has changed from lower intensity sheep-
beef farming to dairy farming. Farm scale modelling based on detailed farm surveys of 
farm inputs, managements and saleable outputs has also shown how N leaching 
losses have increased as dairy farms have intensified by, in most cases, importing 
more purchased feed and N fertiliser (Table 3). This link between dairy farm 
intensification and increased loss of N to water has also been observed in catchments 
in south-west Victoria, Australia by Smith et al. (2013), who found some evidence to 
suggest that this link may have become decoupled during the second half of the 20-
year monitoring period due to various changes in farm management.  

The BPDCs farm and catchment monitoring has clearly demonstrated the challenges 
for reducing reactive N losses against a backdrop of farm intensification and land use 
change from lower intensity sheep farming to dairy. Although dairy systems have 
become more N-efficient, the rate of productivity gains has typically been greater than 
the rate of efficiency gains. Some important metrics that describe this intensification 
for the farms in the current study are (Table 3): 

• Purchased feed sourced via imported supplements or N fertiliser has increased 
by c. 5 and 4% per annum on average, respectively. 

• Milk production per hectare has increased by c. 2% per annum (ranging from 
1–4% per annum). 

 Bog Burn Waikakahi Waiokura Toenepi Inchbonnie 

Number of taxa � � N.C. � N.C. 

% EPT taxa N.C. N.C. N.C. N.C. N.C. 

SQMCI � N.C. N.C. N.C. � 



• Estimated N leaching and N2O losses per hectare have increased by c. 2% per 
annum on average; when expressed on a per unit product basis, these losses 
remained either constant (N leaching) or decreased by only c. 1% (N2O 
emissions) per annum on average. 

Of note is the improved fertiliser management that has occurred on effluent blocks, 
where both N and P fertiliser inputs have generally reduced as farmers and fertiliser 
representatives have considered the returns of these nutrients in applied effluent. 

Benefits of Long-Term Monitoring 
The length of monitoring records for the BPDCs ranges from 9 to 18 years, with flow 
records being shorter. Concern about increasing nutrient losses from dairying and 
interest in the efficacy of mitigation methods has never been greater than at present 
and this study represents the only national monitoring programme of dairy catchment 
streams for New Zealand. The 3–7-year periodicity of major climate cycles that affect 
rainfall and catchment runoff, market forces influencing farm income and costs, and a 
slow rate of farmer adoption of some GMPs mean that monitoring programs in New 
Zealand need to be much longer than 10 years if they are to detect changes in water 
quality caused by farmer actions. Long-term monitoring will also be required to detect 
responses to new requirements for improved water quality by resource management 
legislation and plans. The recent implementation of The Sustainable Dairying: Water 
Accord represents a commitment by the whole dairy industry to good management 
practices that protect and, where possible, enhance freshwater values and interests. 
The National Objectives Framework attribute tables will set minimum acceptable 
values for water quality, or “national bottom lines”, for ecosystem health and human 
health3. With such major reforms in water management and likely adoption by farmers 
of new tools for mitigating water pollution there is clearly the need for monitoring as a 
means of auditing environmental performance. 

 

                                                
3 http://www.mfe.govt.nz/publications/water/proposed-amendments-nps-freshwater-management/proposed-
amendments-nps-freshwater-management.pdf 



Table 3: Attributes of average farms in the catchme nt case study used for modelling the potential bene fits of implementing a range of integrated mitigati on 
measures on dairy farms.   

Catchment Toenepi Waiokura Waikakahi Bog Burn Inchbonnie 

Survey year 2001 2009 2001 2009 2001 2009 2001 2009 2004* 2010 

Rainfall (mm/yr) 1132 1400 540 921 5000 

Total area (ha) 70 85 75 249 254 218 210 

   Pasture (ha) 70 85 73 73 213 213 258 258 210 206 

Effluent-treated† (ha) 6 17 9 14 40 56 37 65 20 32 

   Winter or summer forage crops (ha) Minor Minor 2 2 36 41 40 40 0# 4# 

Major soil type Free-draining volcanic 
silt loam 

Free-draining volcanic 
silt loam 

Free-draining stony silt 
loam 

Poorly-drained silty 
clay loam 

Free-draining stony silt 
loam 

Irrigation (mm/yr) 0 0 0 0 810 700 0 0 0 0 

Stocking rate‡ (cows/ha) 2.9 3.3 3.4 3.2 2.4 2.9 2.5 2.5 2.0 2.0 

Milk production§ (kg MS/ha) 906 1147 987 1193 852 1112 899 989 630 671 

                             (kg MS/cow) 311 355 285 373 355 390 359 410 315 336 

N fertiliser** (kg/ha/yr) 72/72 144/76 88/88 151/81 172/172 172/129 72/53 97/76 179/179 205/190 

P fertiliser** (kg/ha/yr) 61/61 44/25 65/65 47/26 60/60 35/20 68/48 36/26 50/50 20/15 

Purchased feed           

   Pasture silage (T DM/ha/yr) 0.61 0.46 0 0.2 2.0 1.1 0 0.81 1.26 0.1 

   Maize or cereal silage (T DM/ha/yr) 0.27 0.49 0.32 0.21 0.5 0.1 0 0.1 0 0 

   Concentrates and grain (T DM/ha/yr) 0 0 0 0.3 0 0.6 0.17 0.03 0.23 0 

   Hay (T DM/ha/yr) 0 0 0 0.5 0 0.1 0 0.1 0.25 0.1 

   Palm Kernel Expeller (T DM/ha/yr) 0 0.70 0 1.1 0 1.0 0 0 0 0 

N leached (kg N/ha/yr) 22 28 78 84 55 58 30 31 86 112 

                   (kg/T MS) 24.3 25.0 79.0 70.4 64.6 52.2 33.4 31.3 136.5 166.9 

N2O emissions (T CO2 eq/ha/yr) 2.0 2.5 2.7 3.0 2.4 2.9 1.9 2.0 12.2 12.0 

                   (T CO2 eq/T MS) 2.2 2.3 2.7 2.5 2.8 2.6 2.1 2.1 19.4 17.9 
*Inchbonnie catchment study commenced in 2004) 
†some farms within the Toenepi and Waiokura catchments discharge effluent to waterways after treatment via a 2-pond (anaerobic then aerobic) system 
‡replacement stock mostly grazed off-farm for Waikakahi and Bog Burn catchments 
§1 kg MS (milksolids) = c. 12 litres milk 
#uncovered pads typically used for over- wintering herds  
**fertilization rates for non-effluent/effluent blocks. 
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