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Abstract
The OVERSEER® nutrient budget model (hereafter called OVERSEER®) is a software tool
that enables farm consultants and fertiliser company representatives to produce a nutrient
budget for their farm clients and optimise their fertilizer use. Since its initial introduction in
1997 with N, P, K and S balances, there have been a number of upgrades. The addition of a
Ca and Mg nutrient budget module into OVERSEER® will further extend its capabilities.
The addition of the Ca and Mg module into OVERSEER® is recognition that these elements
need to be monitored in farm systems to avoid problems in stock and pasture health caused by
their removal and/or through a nutrient imbalance. Previously, concentrations of Ca and Mg
in soils and plants had usually only been considered indirectly as the product of other more
dominant fertiliser and farm system strategy.
Major inputs into the Ca-Mg nutrient cycles are lime, fertiliser, rainfall/irrigation, mineral
weathering and animal remedies. Losses include those removed in products, animal
replacement, leaching and excreta transfer. A variety of approaches were used to derive
model components. Leaching loss and rainfall input sub-model development largely used
empirical measurements from lysimeter/soil solution and transect studies, respectively. The
addition of a base cation input from the mineral weathering program, PROFILE, is a new
feature that will receive additional attention in the future to gain more accurate estimates for
soils with significant cation weathering rates. Additional work is still required to better
predict leaching losses across a wider range of farm, soil and climatic conditions.
Introduction
Fertiliser use is one of the major items of discretionary expenditure on pastoral farms in New
Zealand. Advice and decisions on what and how much fertiliser to use has far-reaching
effects, not only on farm productivity, but also on the efficiency of nutrient use and potential
environmental consequences. OVERSEER® is a tool that has been developed to assist farmers
and consultants to achieve optimal fertiliser use on farms whilst minimising nutrient losses.
The P nutrient balance module of OVERSEER® originated from the development of the P
fertiliser decision support model Outlook in 1995 (Metherell et al. 1995). Subsequently, this
was included with N, S and K into the nutrient budget model (Ledgard et al. 1999a). Since
then, there has been a number of ongoing software upgrades to include arable and
horticultural crops, as well as improvements in ease of use and the flexibility to cope with
different management systems (Ledgard et al. 2001; Ledgard et al. 1999b). One of the focuses
for development has been the addition of a Ca and Mg module to enable recording of changes
in the soil status of these nutrients and achieve a fertiliser policy that keeps these nutrients in
balance for pasture and animal health.
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Generally, the incidence of Mg deficiencies in New Zealand pastures, crops and forestry has
not been high but low concentrations in pastures have long been associated with the incidence
of the ruminant disorder, hypomagnesaemia (Metson 1974). In intensive grazing systems,
especially dairying, leaching and transfer losses of Mg can be high and long-term depletion of
soil Mg levels are a real consequence (Rajendram et al. 1998). Even in less intensive systems,
Mg losses induced by regular applications of Ca in superphosphate and lime can be
significant and require regular replacement (Edmeades 1999b; Edmeades & Judd 1980). With
Ca constituting the major exchangeable cation present in New Zealand soils, Ca deficiencies
in pasture plants and animals have not, to common knowledge, been recorded (Grace 1983;
Smith & Cornforth 1982). Losses of Ca in intensive grazing systems however, mainly from
leaching, can be large at more than 100 kg/ha/y (Rajendram et al. 1998). The use of fertilisers
low in Ca content such as DAP may exacerbate depletion of soil Ca reserves thus, there is a
need for Ca losses to be at least monitored in the farm nutrient budget.
This paper presents a draft model for a Ca and Mg nutrient budget that address the main
components of the Ca and Mg pastoral cycle (Figure 1). Key assumptions are largely based
on those of the original Outlook P model (Metherell 1997) and assume a number of common
conditions. Namely, that:
1. soil test measures of Ca and Mg are proportional to the available (ie. solution plus
exchangeable) pool;
2. soluble fertiliser inputs of Ca and Mg immediately enter the available pool;
3. soluble fertilisers containing Ca and Mg, and the available Ca-Mg pool itself, are
equally accessible for plant uptake;
4. there are Mitscherlich relationships between soil available Ca and Mg, and the relative
yield and herbage concentration of each nutrient;
5. animal Ca and Mg losses are proportional to the stocking rate; and
6. stocking rate is proportional to pasture relative yield.
Dung in sheds races,
gateways, stock camps

Atmospheric inputs
Milk, meat, wool

Animal feed
Shed effluent

Hay, silage
Senescence

Fertiliser

Exchangeable Ca-Mg

Mineral weathering
inputs of Ca-Mg

Figure 1.

Plant uptake
Herbage Ca%-Mg%

Leaching, fixation

Major components of pastoral Ca and Mg cycle.
374

The model calculates the Ca and Mg maintenance requirements to preserve the status quo of
the available pool by subtracting inputs, made up from atmospheric deposition, fertilisers, soil
amendments, irrigation and soil mineral weathering, from outputs, including those from
leaching losses, animal products, feed removal, excreta transfer and animal replacement
(Figure 2).
Model of the pastoral Ca and Mg cycle
Framework
The framework of the model is based largely upon that of the original P Outlook model
(Metherell et al. 1995) and is represented diagrammatically in Figure 2. Input and output
quantities of Ca and Mg are calculated using a series of equations with parameters derived
from user input data for simple farm system information and characteristics.
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Figure 2. Diagrammatic representation of the draft Ca and Mg pastoral module for
OVERSEER® showing nutrient () and information (  ) flows.
The net difference between inputs and outputs (Δ AvailCaMg) represents a deficit or surplus in
the available pool and can be described as a simple equation by:
eqn 1.)
∆ AvailCaMg = (S CaMg + RCaMg + I CaMg + WCaMg + ACaMg ) − (LCaMg + FCaMg + ALCamg )
where:
S is the soluble Ca and Mg inputs in fertiliser (kg/ha);
R is the Ca and Mg inputs in rainfall (kg/ha);
I is the Ca and Mg inputs in irrigation water (kg/ha)
W is the Ca and Mg inputs from soil mineral weathering (kg/ha-300 mm);
A is the Ca and Mg inputs from soil amendments such as lime or dolomite (kg/ha);
L is the Ca and Mg losses by leaching (kg/ha);
F is the Ca and Mg losses from feed transfer (kg/ha); and
AL is the Ca and Mg animal losses from animal products and excreta transfer (kg/ha).
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Animal losses (AL) are described more fully by:
ALCaMg = (PCaMg + TCaMg )⋅ SR

[

]

= PCaMg + (intake ⋅ H CaMg − PCaMg )⋅ transfer ⋅ SR

where:
P
T
SR
intake

is Ca and Mg removed in products annually (kg/SU/y or for dairying, kg/cow/y);
is Ca and Mg lost in excreta transfer;
is the stocking rate (SU/ha or for dairying, cows/ha)
is the annual dry matter consumption per animal (kg DM/su/y) which is a function
of milksolids production for dairy cows and 550 kg DM/ha/y for sheep, beef and
deer farms;
H
is the herbage concentration of Ca and Mg; and
transfer is the excreta transfer coefficient and is the annual fraction of excreta transferred
from the main grazing area (fraction).

The initial size of the Ca and Mg available pool (kg/ha) is estimated by conversion of soil
quicktest values (Cornforth & Sinclair 1984) and is adjusted for bulk density of the relevant
soil group (ie. sedimentary, volcanic, pumice or organic) using pooled means gathered from
the National Soils Database. This is described by:
SoilCaMg = QTCaMg ⋅ CF
where:
Soil is the available Ca and Mg pool (kg/ha);
QT is the Ca and Mg quick test values; and
CF is the conversion factor to transform QT values to kg/ha for the particular soil group.

Model components
Fertiliser inputs
In the draft model, lists of fertilisers are available for selection for P (including S), K, N and
Mg directly, along with insertion of an accompanying value for the weight of each fertiliser
chosen (kg/ha). Inputs of Ca and Mg (kg/ha) are derived from these weights and the fertiliser
database which contains average Ca and Mg concentrations in the various fertilisers.
Aerial deposition and irrigation inputs
Inputs of Ca and Mg from rainfall were calculated from relationships established from five
transects in Southland that ostensibly were to calculate sulphur inputs in the region, but which
also recorded inputs of cations over that time (Boswell et al. 1992). These indicated an
exponentially decreasing input of both Ca and Mg in rainfall with increasing distance from
the coastline (Figure 3). Whilst data from other regions was considered in the relationship,
these sampling sites normally constituted disparate points on a graph and therefore, were not
easily related to a gradient defined by distance from the coast of a prevailing wind direction.
Where this data was included, it either made little difference or reduced the quality of the
relationship and thus, was not used to establish a relationship. Irrespective of the validity of
using only the Southland data, inputs for both Ca and Mg in rainfall were usually only
substantial (ie. >5kg/ha) within short distances of the coastline (ie. <10km). Generally, inputs
in North Island regions were greater than those in the South Island because of higher rainfall
(Westland excepted).

376

Irrigation proved to be potentially, a significant source of Ca and Mg inputs depending on the
river or bore source. Data sourced from a NIWA report (Internal report 00/80) presenting 10
year means of cations in national rivers (Bryers 2000) showed concentrations of Ca and Mg in
waters varied widely. In some cases, amounts could easily attain 50 and 10 kg Ca and Mg,
respectively, per hectare annually from an irrigation input of 400 mm. A 15-50 fold difference
between the highest and lowest concentration values for Ca and Mg covered most of the range
(Bryers 2000).
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Figure 3. Ca and Mg concentration in rainfall (≡kg/ha/100 mm rainfall) versus distance
from coastline (Southland data) (Boswell et al. 1992).

Soil amendments and animal drench inputs
Soil amendments as a category include materials such as lime and dolomite, where
application is primarily to ameliorate the effects of soil acidity. Application of lime, the main
soil amendment, adds large amounts of Ca (34%) into the system and minor amounts of Mg
(0.36%). The use of dolomite adds both large amounts of Ca (11.5%) and Mg (24%). At a
moderate application rate of 2 tonnes/ha for either amendment, quantities of Ca and Mg added
in lime would amount to 680 and 7 kg/ha, respectively, whilst for dolomite, quantities would
be 220 and 480 kg/ha, respectively.
A number of studies addressing the impact of lime on soil properties note that dissolution of
lime is rate-determined, controlled by particle size and the combined surface area, and
diffusion of the Ca or Mg ions away from the particle surface (Barber 1990). Fields trials in
NZ have also shown that complete dissolution of lime is not immediate and that up to two
years is needed to reach maximum soil exchangeable-Ca concentrations for topsoils (0-75 mm
depth), at applications rates of around 2.5 tonnes/ha (Toxopeus 1989; Wheeler 1997) (Figure
4). In developing the model, a decision was taken to split Ca and Mg inputs added in lime or
dolomite over two years, with two-thirds assumed to be assimilated in the first year after
liming, and the remaining third added in the second. An additional feature in the model has
been a sliding scale of recovery of the Ca present in large applications of lime (>2.5
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tonnes/ha). This has been added in response to studies showing that up to 50% of lime is not
accounted for in the soil profile, suggesting that it has been leached or removed by other
processes (Wheeler 1997).
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Figure 4. Effect of lime application (2.5 t/ha) versus time since applied on soil
exchangeable-Ca concentrations. Adapted from Toxopeus (1989).

The use of Mg drenches or pasture dusting to avoid ruminant physiological disorders such as
hypomagnesaemia, over the spring/early summer period when herbage-Mg concentrations are
low, is normal farm practice. These Mg inputs are calculated in the model for oral dosing, by
multiplying the dose rate by the number of cows per ha, and the number of weeks of dosing,
or for pasture dusting, by the weight of magnesium oxide applied/ha and the number of times
applied. The model currently allows for Mg inputs as either epsom salts or magnesium oxide.
Weathering inputs
Calculating inputs of cations from soil mineral weathering presented a challenge in finding a
meaningful way of doing so because of the complex range of soil minerals present in soils and
the environmental conditions they experience. Our main objective was to get an indication of
the magnitude of cation inputs for the soil groups we consider in the model. We acknowledge
that there is likely great variation between individual soils for cation inputs within each
group, let alone between groups.
One means of calculating inputs was to use an existing soil weathering model and a mean soil
mineral composition for each soil group. The model used was PROFILE (Warfvinge &
Sverdrup 1992; Warfvinge et al. 1992), a steady state model originally designed originally to
determine the effects of anthropogenic deposition of acidifying elements on the soil solution.
Whilst the effects of acidic deposition was not a consideration for soil mineral weathering in
New Zealand, there was sufficient flexibility to consider a range of conditions appropriate to
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NZ pastures. Our approach was to consider a number of scenarios based on the mean soil
mineral composition of the volcanic, pumice and sedimentary soil groupings which were
obtained from the National Soils Database (Table 1). A presumption was made that soil
classes were reasonably evenly represented in the database.
The mean mineral composition for each group was inputted into the PROFILE model and
then relationships were established based on the effects of changing soil moisture, soil
temperature, aerial deposition of cations, and dung and urine return factors. The model was
run varying the values for each to establish factor sensitivity. Whilst modest changes in the
values of first three factors were found to change soil cation weathering outputs considerably,
the last of these, dung and urine returns, changed cation outputs only slightly, despite
doubling or halving of the input values, and was excluded as a factor in the resultant model.

Table 1. Mean mineral composition of volcanic, sedimentary and pumice soil groups
established from national soils database and used in the PROFILE model to
calculate cation weathering.

Soil Groups
Volcanic
Pumice
Sedimentary

Mean Soil Mineralogy Composition
Mica Chlorite Vermic. Feldspar Vol.glass Smectite Kaolin Gibbsite Quartz
1.4
1.0
14.0

0.6
0.7
7.3

2.2
0.5
1.5

14.9
16.6
20.9

%
19.7
70.7
13.0

1.5
0.3
1.1

13.1
0.1
3.2

4.4
0.0
0.1

32.4
6.6
35.3

Total
90.2
96.5
96.1

Relationships were established between cation outputs (and subsequently, the proportion
present as Ca and Mg), and changing variables for mean annual soil moisture and
temperature, and cation deposition in rainfall (using established aerial deposition
relationship). These relationships are shown in Figures 5-7. Weathering was assumed for a
depth of 30 cm and that on average, soil volumetric water content was wetter in the bottom 15
cm than the top.
Generally, the amounts of Ca and Mg calculated to weather from the three soil groups ranged
from almost nothing to a few kilograms of each per ha per year. These amounts however,
seemed to be in keeping with the magnitude of results reported using PROFILE ((Sverdrup &
Rosen 1998) and through alternative methods (Kolka et al. 1996; O'Connor & Nordmeyer
1996). What became apparent in the modelling of weathering outputs is how the presence of
more easily weathered accessory minerals (eg. hornblende, calcite, biotite etc.) can
dramatically alter outputs, even if their content is a only 1-2% of the total. For instance, in
one example the presence of 2% hornblende raised base cation weathering rates by ≈30%.
Usually these more easily weathered components are not a significant presence in soils, but
for some recent sedimentary soils in particular, weathering rates could be an order of
magnitude higher. As it is currently not possible to delineate soil groupings to individual soil
groups within soil orders, it remains a limitation in the approach.
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Figure 5. Cation soil mineral weathering response to aerial deposition versus distance from
the sea using the PROFILE model.
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Figure 6. Cation soil mineral weathering response to mean annual soil moisture content
(range 5%) using the PROFILE model.
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Figure 7. Cation soil mineral weathering response to mean annual soil temperature using
the PROFILE model.

Magnesium and calcium herbage response
Pasture response for Ca and Mg were approached initially, in a very similar fashion to that for
P in the original Outlook model (Metherell et al. 1995). The model for P losses was
developed using relative dry matter yields calculated from annual pasture production and a
relationship obtained against soil available P levels using a diminishing returns (Mitscherlich)
relationship. A similar relationship was obtained for Mg using a relatively small range of
pasture production trials (Edmeades 1999b; McNaught & Dorofaeff 1965) but unlike P, the
soil available-Mg concentration to achieve 90% of RY was low at only 30 kg Mg/ha (Figure
8). Consequently, any soil with a QTMg value >4 meant the asymptotic projection for Mg
response was already 1, or close to, and so stocking rate was unlikely to be significantly
affected by any increased DM yield. For Ca this approach was not necessary at all, as there is
little evidence that a relative yield relationship is obtainable at QTCa levels above 1 or 2 units
(ie. > 1cmol Ca/kg soil) (Edmeades 1999a; Kamprath 1984). There was also little evidence to
show that fixation of Mg is a significant influence in many New Zealand soils, in terms of a
loss effect, and thus it was not considered further in the model (Edmeades 1982; Edmeades et
al. 1985).
Both Ca and Mg produced significant Mitscherlich-type relationships between soil available
concentrations and herbage concentrations in pasture (Figure 9). This relationship was
particularly good for Mg. This relationship was used to calculate Ca and Mg content in
pasture and from this it was possible to establish the amount of Mg and Ca removed in
excreta transfer and from exported feed.
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Figure 8. Relative pasture yield response to total soil available Mg.
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Figure 9. Herbage Ca% and Mg% response to soil available Ca and Mg.

Animal product outputs
The losses of Mg and Ca associated with animals are, as in the P model, related to stocking
rate with the loss per stock unit (or cow) dependent on the Mg and Ca content in product
removal. Values obtained for the Ca and Mg composition of animals and milk solids
(Longhurst 1995) were used to estimate removal in products based on scenarios established
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for the P, N, K and S modules. These reflect the different stock classes and the differing
animal replacement strategies used (eg. cull cows, prime lamb sales etc). Generally losses of
Mg in animal products are low, as their Mg content is also low but Ca contents are
considerably higher, with losses 15-40 times those of Mg. Values for Ca and Mg removal in
dairy will vary as they based on cow replacement plus milk solids productions (kg/ha/y) and
this varies from farm-to-farm.
Excreta transfer
The main loss of Ca and Mg from grazing animals is through excreta transfer off the main
grazing area to tracks and sheds, stock camps and races. These can be a significant loss in
some situations, typically 2-3 kg Mg and 5-10 kg Ca per hectare per year and may not be
balanced by rainfall inputs and/or mineral weathering. The model selects an appropriate
excreta transfer coefficient from a table developed for the original Outlook P model
(Metherell et al. 1995) based around stock class and farm topography. Transfer coefficients
generally increase with steepness and are used to obtain the proportion of Ca and Mg in
annual herbage intake per stock unit (minus product losses) that is not returned back to the
pasture (Table 2).

Table 2. Excreta transfer coefficients for varying animal and farm topographies.
Excreta transfer coefficients
Flat
Sheep/Deer
Beef
Dairy

0.05
0.05
0.14

Topography
Border-dyke Rolling Easy hill
0.15
0.05
0.14

0.15
0.15
0.18

0.25
0.25
0.22

Steep hill
0.50
0.50
0.28

Leaching losses
Leaching losses generally represent the largest potential loss of Ca and Mg in any farm
nutrient budget and have been investigated by a number of researchers in New Zealand (Early
et al. 1998; Hogg 1981; Lee et al. 1979; Rajendram et al. 1998; Sakadevan et al. 1993).
Annual losses of 25 kg Mg and 100 kg Ca per hectare would not be unusual for many dairy
farms, especially those on volcanic soils (Rajendram et al. 1998). Because of the complexity
in determining the relative importance of the leaching mechanisms involved, it was decided to
take an entirely empirical approach regressing Mg and Ca leaching data against known
variables or factors. These included stock class, farm topography, soil type, exchangeable
cations (quicktest and SI units), cation ratios, drainage, applied nitrogen and potassium and
nitrogen leached. Invariably, there were a number of limitations to the coverage of the data
and a number of “holes” were exposed across the range of possible leaching scenarios where
there was either very little, or no data available. Nevertheless, relationships for both Ca (Eqn.
2)and Mg (Eqn. 3) were obtained that explained more than 72% of the variance and were
considered adequate in light of the limitations of the data.
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Caleach = (qtCa × 7.68) − (const soil + 33.7 ) + (N leach × 0.77 ) + (KR ×112.8)
where:
Caleach
qtCa
constsoil
Nleach
KR

is the annual leaching losses of Ca (kg Ca/ha/y)
is the quicktest Ca value
is a constant related to soil type (kg Ca/ha/y; vol.- 0; sed.- 35.2; pum.- 42.6)
is the annual nitrogen leaching loss (kg N/ha/y) and
is the ratio of the K quicktest value to the sum of the Ca, Mg and K values
[K ]qt
ie.
[Ca + Mg + K ]qt

Mg leach = (41.3 − const soil ) − (MgR × 39.9 ) + (drain( mm ) × 0.02 )
where:
Mgleach
constsoil
MgR

drain(mm)

Eqn. 2)
r 2 = 0.724

Eqn. 3)
r = 0.725
2

is the annual leaching losses of Mg (kg Mg/ha/y)
is a constant related to soil type (kg Mg/ha/y; vol.- 0; sed.- 22.1; pum.- 26.8)
is the ratio of the Mg quicktest value to the sum of the Ca, Mg and K values
[Mg ]qt
ie.
and
[Ca + Mg + K ]
is the quantity of drainage (mm).

Whilst these equations proved satisfactory within the limitations of the data there is a need to
improve prediction for other scenarios. A way of doing this may be to use soil cation affinity
data as a means of predicting likely leaching losses on the basis of the selectivity of the soil
for Mg and Ca (and K) (During 1973; Parfitt 1992; Phillips et al. 1988). Much of the leaching
loss for both Ca and Mg in the above equations was explained as a simple soil based constant
(constsoil). It is preferable to understand these losses on a more mechanistic basis and improve
prediction of soils to leach Ca and Mg. This should, where possible, use common soil test
data (eg. quicktest values) and possibly a laboratory-determined means of ranking soils
according to their affinity for each cation. This remains an objective to make the module a
more flexible and accurate means of predicting cation leaching within and outside the New
Zealand scene.
Farm Budget Scenarios
A number of example farm budget scenarios were put together covering a range of input
variables applicable to dairy and sheep systems and the different regions. The Ca and Mg
inputs and outputs calculated using the model for these budget scenarios are shown in Table 3
and assume the use of single superphosphate, as the main fertilizer input, and irrigation where
appropriate for the region. The dairy examples used production values of 1000 kg
milksolids/ha/y and assumed oral drenching of cows (pasture dusting could increase Mg
inputs from this source five-fold to ≈5 kg Mg/ha). Generally, the largest potential for net
pastoral Ca and Mg losses is under dairying where losses are dominated by leaching and
excreta transfer. These can be moderated by farm management options such as fertilizer
choice (high vs low Ca-Mg content), use of irrigation, feed importation, return of excreta, etc.
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Sheep farms inherently, don’t have the same risk of net loss for either Ca or Mg although
systems may be finely balanced at times in intensive systems. Annual monitoring of soil test
results should indicate any downward trends requiring correction. Low input systems such as
extensive sheep and cattle (not shown), whilst low in inputs, are probably balanced by low
outputs as well. In these systems, weathering and rainfall inputs assume greater importance.
Examples show that net losses can occur under all of the dairying scenarios but are especially
at risk in volcanic soils. Whilst pumice soils might appear theoretically, to be most at risk
from high Mg leaching losses, in reality this probably doesn’t occur as the relatively low Mg
content means there is less available to leach.
Table 3. Some example farm budget scenarios for Ca and Mg inputs and outputs for dairy
and sheep systems.
Farm systemA
Soil type
Region
Inputs

Example farm Ca-Mg nutrient budget scenarios
Dairy
Intensive sheep
Volcanic
Sedimentary
Pumice
Sedimentary
Waikato
Southland
Taupo
Canterbury
Mg
Ca
Mg
Ca
Mg
Ca
Mg
Ca
kg/ha

Fertiliser

5

100

0

100

20

100

0

65

Weathering inputs

<1

1

2

2

<1

1

1

1

Rainfall

7

3

4

2

2

1

5

2

Irrigation

0

0

0

0

0

0

7

41

DrenchingB

1

0

1

0

1

0

0

0

Leaching losses

27

118

6

82

15

72

5

46

Animal transfer losses

7

17

6

18

4

14

1

2

Animal product losses

2

20

2

20

2

20

<1

6

-22

-51

-5

-16

3

-4

6

55

Outputs

Net loss(-)/gain(+)
A

Appropriate regional variables used for rainfall and irrigation use. Single Super assumed main
fertiliser source of P, Mg fertiliser use assumed in volcanic/pumice soils.
B
Oral drenching assumed in dairy examples.

Future developments
It is likely future work will seek to integrate the module better with the existing framework
and include cropping and horticultural crops into the module. Incorporating sodium, the last
of the major cations to be included, is also planned in this current year. As discussed in the
previous section, any desire to see the model applied to a non-NZ context will require a
means of better predicting cation leaching losses which generally comprise the largest output
from pastoral farm systems. Whilst most weathering inputs, on average, only added relatively
small amounts to the total Ca and Mg budget, inputs for some soils (recent sedimentary soils
in particular), could be seriously underestimated and a better means of predicting these inputs
would be desirable.
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Summary
The Ca and Mg module has been developed for addition to the existing OVERSEER nutrient
budget model. Based on the original Outlook P model, the module uses a similar approach,
but incorporates a number of new features to include inputs for soil mineral weathering, aerial
deposition, irrigation and liming. Outputs occur from losses through animal products, excreta
transfer and leaching. Leaching losses, the largest single loss for most grazed pasture dairy
systems (typically ≈10-26 kg Mg/ha/y and ≈50-100 kg Ca/ha/y), were calculated empirically
from regressions based on field data. The incorporation of sodium into the module and
improving prediction of leaching losses using a more mechanistic approach remain the main
objectives for future work.
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