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Abstract
Environment Waikato intend introducing a Variation to their Regional Plan by September
2001 to protect water quality in Lake Taupo. Current slight deterioration in water quality has
been linked to increased inputs of N to the lake and agricultural intensification can
significantly influence this.
OVERSEER has a potential role as an easily used tool for benchmarking farms and for
farmers to examine the effects of a range of alternative farm management options on nitrate
leaching. In this paper, nitrate leaching is estimated using OVERSEER at 49 kg N/ha/year
for a typical dairy farms in the district and at 14 kg N/ha/year for a typical sheep and beef
farm. Data is presented on the effects of a range of different management practices to reduce
nitrate leaching including reducing intensity (stocking rate, N inputs), changing feed source
(e.g. maize silage instead of N-boosted pasture), changing stock type (e.g. from beef cattle to
sheep or deer), and strategic winter management. The latter includes grazing animals off
outside the lake catchment or on feed-pads during autumn/winter and showed potential for
decreased nitrate leaching by up to 60%. Strategic winter management options are not in the
current version of OVERSEER but will be incorporated in the upgrade due out December
2001.
Introduction
Lake Taupo is New Zealand’s largest lake and is a prominent feature for tourists. It currently
has very high water quality but summaries of data by Environment Waikato have shown that
water clarity has decreased during the past two decades (Vant and Huser 2000). Environment
Waikato are planning to introduce a Variation to the Regional Plan in September 2001 to
protect water quality. Prior to introducing this Variation, they have been actively involved in
providing people in the Lake Taupo catchment with information on the water quality issue and
discussion about the various factors affecting it. Nitrogen (N) is the major limiting factor to
growth of phytoplankton in lake water and in turn the abundance of phytoplankton is the main
determinant of water clarity (Vant and Huser 2000). The main inputs of N into Lake Taupo
occur via nitrate leaching from land within the lake catchment. Apart from point-source
inputs of N from sewage from communities around Lake Taupo, the highest leaching losses
per hectare are from pastoral farming. Intensification of pastoral farming also represents the
largest potential for increased inputs of N from nitrate leaching.
A series of community meetings have been held to outline 4 possible options for managing
water quality in Lake Taupo. These range from doing nothing (option 4) and allowing
continued deterioration through to returning water quality back to that prior to land
development in the lake catchment (option 1). In practice, options 2 or 3 are preferred, which
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are retaining water quality at its current level or allowing some deterioration but freezing N
inputs at their current levels. These options recognise that there is a lag of perhaps 10-20+
years between N leaching at the land surface and the associated effects on water quality. This
is due to time lags associated with land management changes on nitrate leaching, movement
of leached nitrate to groundwater, groundwater flows to streams or lake, and transit time in
the lake.
Farmer concerns
Uncertainty about the final content of the Variation to the Regional Plan means that farmers
are unsure of the likely impacts on their farming operations. Examples of questions raised by
farmers include:
1. Can sheep and beef farms be converted to dairy farming?
2. Is dairy farming possible with low nitrate leaching?
3. What is the effect of intensification of sheep and beef farming on nitrate leaching?
4. What management practices can be used to reduce nitrate leaching?
In order to answer such questions, an objective method for estimating nitrate leaching is
required. One such method is the OVERSEER nutrient balance model (Ledgard et al.
1999b).


OVERSEER
OVERSEER is an empirical, annual time-step model that provides average estimates of the
fate of the nutrients N, P, K and S. Model details were given by Ledgard et al. (1999b). In
brief, the model is site-specific and therefore requires the user to enter site-specific data. For
N, this includes site (soil group, land slope, drainage and annual rainfall) and farm (product
yield, stocking rate and stock type, N fertiliser applied, supplementary feed purchased or sold
off the farm, and animals brought in or sold off the farm) information. All N inputs and
outputs are calculated, with leaching and gaseous N losses being estimated from the surplus
of N inputs over N outputs.
Farm input information can be altered by the user to enable “what if” scenarios to be
examined. For example, the user can examine the effects of different inputs of N fertiliser or
stocking rate.


OVERSEER was used to provide estimates of the amount of nitrate leached from different
farming systems within the Lake Taupo catchment, and the output from some of the
evaluations was presented to farmers in the Environment Waikato (2000) discussion paper
entitled “Issues and options for managing water quality in Lake Taupo”. Results from these
farm evaluations are presented in the following two sections.
Dairy farm management effects on nitrate leaching
Dairy farm data was obtained for a “typical current dairy farm” in the Taupo district. Features
of this farm used in the modelling exercise are:
1. Traditional seasonal supply dairy farm system stocked at 2.7 cows/ha and producing 800
kg milksolids/ha, with young stock grazed off-farm outside the lake catchment.
2. Flat land on pumice soil growing perennial ryegrass/white clover pasture.
3. Farm dairy effluent sprayed back on to pasture using best management practices.
4. Average use of N fertiliser at 100 kg N/ha/year.
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The dairy cow stocking rate and milksolids production were based on information for the
Waikato average (Livestock Improvement, 1998). The rate of N fertiliser application was
based on a rate approximately 20% above the current Waikato average (T. Johnston pers.
comm.) but on a similar level to the average for farms where N fertiliser is used. It was
assumed that all farm systems contained pastures with typical average clover contents and that
soil organic N was at an equilibrium level.


Application of OVERSEER using the typical farm data resulted in estimated nitrate leaching
of 49 kg N/ha/year (Figure 1). This was calculated to decrease by nearly 40% by substituting
maize silage for fertiliser N-boosted pasture. These calculations were based on maize silage
as an alternative feed source to supply the 1000 kg DM/ha estimated to be produced from the
100 kg N/ha/year applied as N fertiliser. The benefit from maize silage is due to its low N
concentration (c. one-third that of N-boosted pasture) and greater conversion into milk
(Ledgard et al. 2000). However, it was assumed that the maize silage was brought in from
outside the lake catchment since cropping practices associated with growing maize may lead
to significant nitrate leaching.
Alternatively, lower nitrate leaching could be achieved by reducing farming intensity. A
stocking rate of 2 cows/ha producing 600 kg milksolids/ha with no N fertiliser use was
estimated to reduce nitrate leaching to 25 kg N/ha/year (Figure 1). This leaching loss was
similar to that for maintaining farm intensity on half the farm area and planting the other half
in pine trees. Estimates for the effect of conversion into pine forest were based on the
assumption that nitrate leaching would reduce to 2.5 kg N ha/year (Vant and Huser 2000) in
the forested area.
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Figure 1: Nitrate leaching from a ‘typical’ dairy farm in the Taupo district and as
affected by changes in feed source, farming intensity and conversion of half the land
area into pine trees. Losses were estimated using OVERSEER.

Previous research in New Zealand (e.g. Ledgard et al. 1999a) has shown that most nitrate
leaching is from urinary-N excreted by grazing animals. Leaching is associated with net
drainage, which is largely confined to May-September. Thus, urine returned in autumn and
winter, resulting in surplus inorganic N in soil when drainage occurs, is most susceptible to
leaching. This was shown in two UK studies (Cuttle and Bourne 1993; Sherwood 1986)
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where little inorganic N was present in soil from urine deposited in late-summer, whereas high
levels existed from depositions in mid- to late-autumn. Data from these studies was used to
estimate effects of removing grazing animals at different times of the year on N cycling and
nitrate leaching in model calculations of N flows by De Klein and Ledgard (2001). These
model calculations were also applied to the Taupo farm data to assess potential effects of
grazing cows out of the lake catchment from June-August or April-August (Figure 2). In the
latter, it was assumed that a silage cut was also made and was not fed out during winter. The
modelling approach of De Klein and Ledgard (2001) included an assessment of the effects of
retaining the cows on-farm on a feed-pad and cutting and carrying pasture to them, with
effluent collected and returned to pasture in spring and summer. Results from applying these
winter management strategies (Figure 2) indicate that there is a large potential to reduce
nitrate leaching. This was confirmed in a recent field experiment in Southland where strategic
de-stocking in autumn-winter decreased the average nitrate-N concentration in drainage by
about 60% (De Klein et al. 2000).
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Figure 2: Nitrate leaching from a ‘typical’ dairy farm in the Taupo district and as
affected by grazing dairy cows off the farm at different times or by putting cows
on a feed-pad with effluent collected and applied to land in spring and summer.
Losses were estimated using OVERSEER in combination with model
calculations (see text).

Various combinations of farming practices were examined to determine the largest reduction
in nitrate leaching from dairy farms in the Lake Taupo catchment, using “practical” methods.
Two contrasting systems were identified (Figure 3). Low nitrate leaching could be achieved
on the typical dairy farm producing 800 kg milksolids/ha by modifying management to
include no N fertiliser use and substituting the extra feed source for maize silage (brought in
from outside the lake catchment) and by ‘housing’ the dairy cows all year round. This would
utilise a continuous cut and carry system for pasture and effluent would be collected and
applied to land in spring and summer using best management practices. Alternatively a low
intensity farm system could be used with 2 cows/ha producing 600 kg milksolids/ha, no N
fertiliser applied, and cows on a feed-pad during April-August with effluent collected and
applied to land in spring and summer. Both of these systems were calculated to decrease
nitrate leaching to between 15 and 20 kg N/ha/year.
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Figure 3: Nitrate leaching from a ‘typical’ dairy farm in the Taupo district
in comparison with two alternative combinations of farm management
practices to achieve low losses.
Losses were estimated using

OVERSEER in combination with model calculations (see text).

Sheep and beef farm management effects on nitrate leaching
Sheep and beef farm data was obtained for a “typical current farm” in the Taupo district.
Features of this farm used in the modelling exercise are:
1.

Conventional sheep and beef breeding system at an equivalent of 12 stock units/ha, with
65% sheep and 35% beef cattle (breeding cows).

2.

Rolling land on pumice soil growing predominantly perennial ryegrass/white clover
pasture.

3.

Average use of N fertiliser at 8 kg N/ha/year.

The stocking rate and farm management practices were based on information from
MAFPolicy (1997) and from discussions with key local consultants in the lake catchment.


Application of OVERSEER using the typical farm data resulted in estimated nitrate leaching
of 14 kg N/ha/year (Figure 4). Cessation of N fertiliser use was calculated to have little
reduction in nitrate leaching because of the low average rate currently being used on farms.
Change in stock type from mixed sheep and beef to all sheep and/or deer, while maintaining
the stocking rate, was estimated to decrease nitrate leaching to 10 kg N/ha/year. Alternatively,
a similar decrease in nitrate leaching was calculated from a reduction in stocking rate to 8
stock units/ha. The model includes a difference in efficiency of N cycling from sheep and
deer due to lower rates of N in excreta compared to that for cattle, which is supported by
research studies (e.g. reviewed by Painter et al. 1997).
Winter management options were examined, as for the dairy farm example. Grazing the beef
cattle out of the lake catchment from April-August was estimated to decrease nitrate leaching
to 10 kg N/ha/year (Figure 5). A slightly lower reduction was calculated where cattle were
kept on a feed-pad during the same period because of the increased N cycling associated with
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the return of excreta from the feed-pad. Grazing all animals (sheep + beef cattle) out of the
lake catchment from April-August was estimated to give the largest decrease in nitrate
leaching down to 6 kg N/ha/year.
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Figure 4: Nitrate leaching from a ‘typical’ sheep and beef farm in the
Taupo district and the effect of changes in N fertiliser, stock type or
stocking rate, as estimated using OVERSEER.
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Figure 5: Nitrate leaching from a ‘typical’ sheep and beef farm in the
Taupo district and the effect of grazing animals off farm or on a feed-pad
with effluent collected and applied to land in spring and summer. Losses
were estimated using OVERSEER in combination with model
calculations (see text).
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Local research
In order to validate results from the above model estimates for the reduction in nitrate
leaching from strategic grazing off in autumn and/or winter, field experiments have
commenced in the lake catchment on medium and high rainfall sites. The experiments are
examining the effect of timing of urine deposition on nitrate leaching from cattle and sheep
urine. This is part of an AgResearch research programme in the Lake Taupo catchment.
Other key aspects of the research programme are the study of economic and social
consequences of the proposed Variation to the Regional Plan and of a range of management
strategies to reduce nitrate leaching (examples of which are given in the two previous
sections). In addition, the crown research institutes IGNS and NIWA are researching aspects
of groundwater flows, N inputs via groundwater and streams, and N flows within Lake Taupo
to better understand time-lags associated with N impacts on the lake.


Summary and planned additions to OVERSEER
Environment Waikato intend introducing a Variation to their Regional Plan by September
2001 to protect water quality in Lake Taupo. Current slight deterioration in water quality has
been linked to increased inputs of N to the lake and agricultural intensification has significant
potential to influence this.
OVERSEER has a potential role as an easily used tool for benchmarking farms. Farmers
can use OVERSEER to examine the effects of a range of alternative farm management
options on nitrate leaching. Examples of farm management options to reduce nitrate leaching
include reduced farming intensity, less N inputs, forage manipulation, and autumn/winter
management to reduce deposition of animal excreta. Economic analysis of these options will
allow optimal farm and catchment management plans to be developed.
The autumn/winter management options are not currently in OVERSEER but will be
incorporated in an updated version due for completion by December 2001.
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