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Abstract 
The safe application of farm dairy effluent (FDE) to land has proven to be a challenge for dairy 
farmers and regulatory authorities throughout New Zealand. Research has identified that poorly 
performing FDE systems can have deleterious effects on water quality, particularly when direct losses 
of FDE with high concentrations of contaminants (phosphorus (P), nitrogen (N) and faecal microbes) 
discharge directly to surface water bodies.  A decision framework has been constructed to identify soil 
and landscape risk categories and provide minimum practice guidance for FDE management and 
infrastructure requirements. Land that is sloping, artificially drained, has impeded drainage, or has low 
surface infiltration rates typically displays a high risk of preferential or overland flow of land-applied 
FDE. Soil types that are well-drained with fine structure typically exhibit matrix flow characteristics 
and represent a relatively low risk of direct losses of contaminants following FDE application.  
 
Introduction 
The management of FDE in New Zealand has typically involved the collection of daily ‘wash-down’ 
effluent, generated at the farm dairy. This is typically collected in a concrete sump and subsequently  
applied to pasture using self propelled travelling irrigators that have relatively high (> 1 mm min-1) 
instantaneous application rates. A literature review of New Zealand data on land-applying FDE, and 
its effects on water quality, has shown that between 2 and 20% of both the N and P applied in FDE is 
lost either in runoff or via leaching [1]. Losses of FDE can be measured in the direct drainage of 
untreated or partially-treated effluent immediately following irrigation events and/or in the indirect 
drainage that occurs in the following winter/spring period. Indirect losses of nutrients associated with 
land application of FDE are the result of nutrient enrichment of the soil during the summer-autumn 
period followed by leaching during the subsequent winter-spring drainage period. Indirect drainage 
losses are therefore influenced by soil fertility and cannot be managed using effluent practices alone. 
Management practices have been developed to specifically address the risk of direct drainage losses of 
effluent contaminants on soils that have critical limitations. This paper describes the two key 
management practices and illustrates how these can be matched to specific soil types and landscapes 
so as to minimise environmental impacts.  
 
Good management practices for land application  
For a land treatment system to be sustainable it must effectively retain applied effluent in the soil in 
order to enhance plant uptake of nutrients. The longer the effluent resides in the soil’s active root zone, 
the greater the opportunity for the soil to filter potential contaminants and make the nutrients available 
to plants. Two technologies described below provide New Zealand farmers with tools to help 
minimise potential environmental impacts associated with off-site pollution due to effluent application 
to land. 
  
Deferred irrigation 
Deferred irrigation involves storing effluent in a pond then irrigating it strategically when there is a 
suitable soil water deficit, thus avoiding the risk of generating surface runoff or direct drainage of 
effluent in soils subject to preferential flow transport. When applied effluent remains in the soil as 
plant available water (rather than exiting the soil as drainage water), the soil-plant system’s ability to 
remove soluble nutrients via plant uptake and immobilisation processes is maximised [2,3]. The 
generation of FDE starts at the beginning of lactation in late winter (late July/August) when soils are 



often close to or at field capacity.  Consequently, having sufficient storage for FDE is essential to 
ensure that spray irrigation to soils with an inherent risk only occurs during times when an adequate 
soil water deficit exists. Whilst storage is the most important infrastructural requirement, the accurate 
scheduling of FDE to coincide with soil moisture deficits is also critical. A 3-year research trial in the 
Manawatu assessed direct losses of nutrients in mole and pipe drainage when FDE was applied to land 
according to deferred irrigation criteria [2]. When averaged over all three lactation seasons (2000/01 to 
2002/03), FDE application to the soil generated drainage equivalent to 1.1% of the total volume of 
effluent applied. Over the three seasons a range of different application depths were assessed.   The 
strategy of irrigating smaller quantities of FDE, more frequently (7 events at an average of 9 mm 
depth) in 2001/02, resulted in zero drainage of applied effluent through the artificial subsoil (mole and 
pipe) drainage system, and consequently, no direct loss of nutrients.   
 
Low rate effluent application 
Low rate (irrigation intensity) applicators are temporarily fixed in one place and typically deliver at 
rates of 5 mm per hour or less on an instantaneous and average basis. Therefore, a one hour 
application would deliver only 5 mm of FDE to the soil. Such applicators allow FDE to be applied in 
smaller amounts and more often during periods of low soil moisture deficit (<10 mm)  In principle, 
any tool capable of delivering FDE at a rate less than 10 mm/hr can be considered ‘low rate’ [4]. For 
soils that exhibit a high degree of preferential flow, a drainage limitation, or are situated on sloping 
land, the application rate of an irrigator has a strong influence on environmental performance. Low 
rate applicators reduce the risk of exceeding a soil’s infiltration capacity, thus preventing ponding and 
surface runoff of freshly applied FDE. Furthermore, the slower application rates increase the 
likelihood of retaining the applied nutrients in the root zone because the likelihood of preferential flow 
is reduced. Instead a greater volume of applied FDE will move through smaller soil pores via matrix 
flow, thus encouraging greater soil-water interaction and attenuation of effluent contaminants [5].  
 
Contaminant leakage risk under contrasting soil types 
Soils that exhibit matrix flow 
A number of New Zealand studies demonstrated that soils with fine soil structure and free draining 
properties typically exhibited matrix flow transport [6, 7, 8, 9, 10]. In these studies, effluent (dairy or 
municipal) was applied to the soil surface (typically 25 mm depth at 50 mm/hr) followed by the 
application of a further pore volume of irrigation water at a rate of 5 mm/hr to simulate rainfall 
conditions. All of these assessments for well-drained soil resulted in breakthrough curves with 
minimal or no preferential flow, indicative of a very high degree of soil matrix flow. However, 
although these soils appear to have a low risk of direct losses of FDE via overland flow or subsurface 
drainage, they can be more prone to nitrate leaching [11]. Therefore, the extent and impact from N 
inputs added as FDE to free draining soils that leach to ground water indirectly should be carefully 
considered. As FDE makes up less than 10% of the daily nutrient load from cattle excreta, nutrient 
loading from animal excreta deposited in the field is usually the main contributor to N leaching losses 
in New Zealand [12].  
 
Soils that exhibit preferential flow 
There are a number of published New Zealand studies outlining the considerable risk of direct 
drainage of FDE contaminants on soils that exhibit preferential flow characteristics. Some of these 
studies have identified mole and pipe drainage systems as the cause of direct losses of FDE 
contaminants in drainage waters [13, 1, 2, 3]. Other studies have identified coarse soil structure (large 
structural cracks) or soils with a drainage impediment (containing wetting and drying cracks) as 
contributing to direct losses of FDE contaminants via preferential flow [4, 9, 15, 7]. Strong 
preferential flow has often been identified as the early presence (<0.1 of a pore volume) of a solute on 
a breakthrough curve. The following soil characteristics have been identified as having risk of 
preferential flow: poor or imperfect drainage, mottled subsoils, peaty soils, skeletal and pedal soils, 
soils with a slowly permeable layer, soils with coarse structure & soils with a high KSAT:K-40 ratio [15]. 
 
 
 



Soils that exhibit overland flow 
The combination of low soil infiltration rates and wet soil conditions on sloping land will provide the 
greatest risk for overland flow generation [16]. Sloping land poses a high risk of overland flow 
generation and surface redistribution when FDE is applied using high application rate travelling 
irrigators.  Application of FDE to sloping soils with soil moisture conditions close to field capacity 
resulted in 78% loss of applied FDE as overland flow when applied using a travelling irrigator. When 
applied via low rate irrigation, losses reduced to 44% of that applied [3]. The relative concentrations of 
ammonium N, Total N and P in overland flow generated following the application of FDE using a 
travelling irrigator were all greater than 90% of the raw FDE concentration which was applied 
compared with 20 to 45% from the low rate system. The low application rate and associated decrease 
in surface ponding of FDE allowed a greater volume of applied FDE to move into the soil matrix, thus 
allowing for greater attenuation of effluent contaminants. 
 
Matching effluent management with Landscape risk  
Considering the importance of different soil water transport mechanisms, we recommend FDE 
management practices are matched with soil and landscape features in order to prevent direct losses of 
effluent contaminants. A decision tool has been constructed to guide appropriate effluent management 
practice considering the effects-based assessment of different soil and landscape features (Table 1). 
This tool is being promoted by the New Zealand dairy industry and regulatory authorities in order to 
improve farm infrastructure and management practice. 
 
Table 1. Minimum criteria for a land-applied effluent management system to achieve.  
Category A B C D E 
Soil and 
landscape 
feature 

Artificial 
drainage or 
coarse soil 
structure 

Impeded 
drainage or 

low infiltration 
rate 

Sloping land 
(>7°)  

Well drained 
flat land (<7°) 

Other well 
drained but 

very lightX flat 
land (<7°) 

Risk High High High Low Low 
Application 
depth (mm) 

< SWD* < SWD < SWD < 50% of 
PAW# 

≤ 10 mm & < 
50% of PAW# 

Instantaneous 
application 
rate (mm/hr) 

N/A** N/A** < soil 
infiltration rate 

N/A N/A 

Average 
application 
rate (mm/hr) 

< soil 
infiltration rate 

 

< soil 
infiltration rate 

< soil 
infiltration rate 

< soil 
infiltration rate 

< soil 
infiltration rate 

Storage 
requirement 

Apply only 
when SWD 

exists 

Apply only 
when SWD 

exists 

Apply only 
when SWD 

exists 

24 hours 
drainage post 

saturation 

24 hours 
drainage post 

saturation 
Maximum N 
load 

150 kg N/ha/yr 150 kg N/ha/yr 150 kg N/ha/yr 150 kg N/ha/yr 150 kg N/ha/yr 

Max depth: 
High rate tool 

10 mm 
 
 

10 mm 
 

10 mm*** 
 
 

 25 mm## (10 
mm at field 
capacity) 

10 mm 

Max depth: 
Low rate tool 

25 mm 
 

25 mm 
 

10 mm 25 mm 
 

10 mm 
 

* SWD = soil water deficit,   # PAW = Plant available water in the top 300 mm of soil,    X Very stony or 
sandy layer within the 0-300 mm depth. ** N/A = Not an essential criterion, however level of risk and 
management is lowered if using low application rates. *** This method only applicable where instantaneous 
application rate < infiltration rate.  ## 25 mm is the suggested maximum application depth when a suitable SWD 
exists (≥ 15 mm).  Field capacity should not be exceeded by more than 10 mm using a high rate irrigator.  
 
Conclusions  

• The potential risk of direct contamination from land-applied FDE varies with water transport 
mechanisms and therefore varies between soil and landscape features. 

• Soils that exhibit preferential or overland flow can lose considerable amounts of FDE under 
unfavourable soil moisture conditions. Critical landscapes include soils with artificial drainage 



or coarse soil structure, soils with either an infiltration or drainage impediment, or soils on 
rolling/sloping country. 

• Soils that exhibit matrix flow pose a low risk of FDE loss even under less favourable soil 
moisture conditions (i.e. field capacity but not as wet as saturation). Such soils are typically 
well drained with fine soil structure and high porosity. 

• A decision tool has been designed to provide essential practice requirements to operate an 
FDE land management system on a range of soil and landscape features.  
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