1 The APSIM Soil Arbitrator Model

Huth, N.I., Fainges, J.L. and Holzworth, D.P.

2 Simple Test Using Split Populations

This test compares the water and nitrogen competition for simulations where a static crop canopy with LAI of 3, rooting
depth of 1m and a daily N demand of 0.15 kgN/ha is a single crop, two half-populations or three one third-populations. In
each case the total canopy size and water demand of each of the single or split populations will be the same. If the soil
arbitrator is operating correctly the overall water and nitrogen balance of each simulation should be the same. In the case
of the split populations, the water and nitrogen supplies provided by the soil arbitrator to the sub-populations should sum
to the same value calculated in the simulation for the full population.

This test simulation also tests that the uptakes provided by the arbitrator are passed to the correct instances of each crop
model within a multiple zone simulation. In such a simulation there may be multiple instances of a wheat model for
example. The arbitrator must communicate such that the correct information is supplied to each instance of each
particular crop model.

The simulation includes 3 fields with up to three crops in each.

Field 1

Wheat: LAl = 3 (m?/m?2), N demand = 0.15 (kg/ha)

Field 2

Wheat: LAl = 1.5 (m?/m?2), N demand = 0.075 (kg/ha)

Barley: LAl = 1.5 (m?/m2), N demand = 0.075 (kg/ha)

Field 3

Wheat: LAl = 1.0 (m?/m?2), N demand = 0.05 (kg/ha)

Barley: LAl = 1.0 (m?/m?), N demand = 0.05 (kg/ha)

Oats: LAI = 1.0 (m?/m?), N demand = 0.05 (kg/ha)

The crops are simple instances of a static plant model and so the crop type is only of use in referencing the various
instances of the models.
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3 Intercrop test

This test compares the water demands and uptakes from two instances of Slurp, running in the same field (an intercrop).
Both slurp instances are configured identically and so the water demands and uptakes for each are also identical.
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4 Conceptual Tests of Multiple Crops in a Single Zone

The series of test and simulations in this section test the performance of SoilArbitrator when there are multiple plants
competing for resources in a single zone. These tests take place with either a deep or a shallow soil and in the Lincoln
(NZ) environment. The plants vary between one or more Slurps, one or more ryegrasses and then finally a ryegrass —
white clover sward.

The first test compares simulations with one Slurp against equivalent simulations with two Slurps (each with half the leaf
area etc. as the single Slurp). The point is to demonstrate that the SoilArbitrator can effectively aggregate the multiple
Slurps to match the single.

“AgPasture Deep Soil Test” simulations have either two deep-rooted ryegrasses or one deep and one shallow rooted.
The simulated plant growth and sward composition are compared when under conditions with and without irrigation and
fertiliser. The exercise is repeated in “AgPasture Shallow Soil Test” but using a soil with substantially reduced soil water

storage.

“AgPasture Test Root Depth Differential” repeats “AgPasture Deep Soil Test” but only under conditions of no irrigation or
fertiliser but with a range of rooting depths of the second ryegrass.

The final test “A Ryegrass and White Clover Example” is more realistic in that it contains a white clover competing with a
ryegrass and examines the changing sward composition as water and/or fertiliser are added to the simulation.

4.1 01 Basic Conceptual Test

This 'experiment' does a basic test of the SoilArbitrator comparing a single Slurp to two equal Slurps, both with and
without irrigation and fertiliser. Slurp is a static plant model in which LAI, water and nitrogen demand are user-set
constants but in which the uptake of water and N are determined by availability and competition.

Success in this test is that there should be minimal differences in leaf weight, soil water and soil nitrogen uptake when
comparing one Slurp (OneSlurp) to two equal Slurps (TwoSlurp). The simulations are done under conditions of unlimited
irrigation and fertiliser (Plus) and with no irrigation or fertiliser (Minus). In the graphs below, the relevant outputs from the
individual Slurps in TwoSlurp are added together in the Output component.

OneSlurp models are set up with photosynthesis at 6.0 g C /m2, LAl at 3.5 and N uptake at 2.5 kg N /ha /day. TwoSlurp
simulations are set up with two equal Slurps using values of 3.0 g C /m2, LAl at 1.75 and N uptake at 1.25 kg N /ha /day.
All simulations are run using the Lincoln weather data.

The first four graphs below show soil water storage, soil nitrate N storage, cumulative water uptake and cumulative N
uptake for the four contrasting simulations. As expected, there are minimal differences caused by the number of Slurp
models in the simulation but there are substantial differences caused by the presence or absence of irrigation and
fertiliser.

There are small differences in the soil water storage for the water-limited simulations (first graph, SoilWater) under
conditions of severe water shortage. These are likely to be due to the approximations in the Runge-Kutta method. While it
might be improved with a higher-order solution, the third plot (WaterUptake) shows that there are no persistent



differences in water uptake and that the Runge-Kutta solution is likely to be sufficient for the types of simulation for which
APSIM is used.

The second and fourth graphs minimal differences in N storage and N uptake.

The final two plots show the water and N uptake from the TwoSlurp simulations only giving the uptake from the individual
crops. As expected, there are no discernible differences between the crops.

The simulations in this section are very simple conceptual tests using the static Slurp model. They show that the Runge-
Kutta method in SoilArbitrator is behaving sensibly in the presence of two equal crops when they are compared to a
single equivalent crop. These were intentionally simple tests. Slurp is a static model and will not reduce its water or N

demand in response to stress (i.e. no feedback to crop performance). The next series of tests will use a dynamic model
that will include that feedback.

List of experiments.
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4.2 02 AgPasture Deep Soil Test

This next series of tests uses a dynamic (full) crop model so that any discrepancies in water or N supply to the plant will
produce feedbacks into demand and subsequent uptake. In this series of tests each simulation contains two ryegrass
models. In the “Equal” simulations both ryegrasses have a rooting depth of 750 mm while in the “Unequal” simulations
Rye1 has a 750 mm root depth but Rye2 has a 150 mm root depth. In all other respects the crops are equal. Simulations
are run with unlimited irrigation and fertiliser (“IrrigFert”) and without either input supplied (“DryNofert”). The simulations
use a soil with 132 mm of PAW to 750 mm deep in the Lincoln environment.

The first two graphs show that there is no difference in standing herbage between the ryegrasses if they have the same
rooting depth. Graphs 3 and 4 show the significant advantage that the deeper-rooting Rye1 has over Rye2 in the Unequal
simulations.

The fifth graph “Yield” shows that there is a slight yield advantage, persistent despite inputs of irrigation or fertiliser, when
the rooting depths are equal and deep. This shows that the yield from the deeper-rooting Rye1 cannot completely
compensate for the loss of yield from the shallow-rooting Rye2. The sixth graph shows the proportion of the total yield
originating from Rye1. In the Equal simulations this sits, of course, at 0.5. However, in the Unequal simulations the
proportion of yield from Rye1 rises to 0.65 with earlier increases in this proportion when no irrigation or fertiliser is applied.

List of experiments.

Experiment Name | Design (Number of Treatments)

Experiment02 Factor (4)
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4.3 03 AgPasture Shallow Soil Test
This series of simulations is as for “AgPasture Deep Soil Test” but substituting a soil with a lower soil water storage - 60
mm to 750 mm deep. The graphs of the simulations with equal ryegrasses are not repeated but the standing herbage

from the equal ryegrass simulations are shown as a reference on the first two graphs.



Under conditions of no irrigation or fertiliser the differences between Rye1 and Rye2 are intensified under the shallow soil
compared to the earlier simulations with the deep soil. The proportion of the total yield from Rye1 is greater in the shallow
than the deep soil but still reaches a maximum of 0.67. The dominance of Rye1 seems limited by the couple of months (in
winter) at the beginning of the simulation in which the shallow-rooted Rye2 is not much constrained by its shallow root
depth.
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4.4 04 AgPasture Test Root Depth Differential

This series of simulations is as for “AgPasture Deep Soil Test” but applying a range of rooting depths to Rye2 while
leaving Rye1 at a rooting depth of 750 mm. The simulations use a soil with 132 mm of PAW to 750 mm deep in the
Lincoln environment and are not fertilised or irrigated.

Total yield (first graph) again shows the small yield penalty as the root systems become more unequal. Against this trend
the total yield (Rye1 + Rye2) when Rye2 has a 100 mm rooting depth is slightly higher (~ 50 kg DM /ha or < 1 % of the
total yield) than when Rye2 has a rooting depth of 225 mm. The most likely explanation is that of less competition effect
from the shallowest-rooting Rye2. The proportion of the total yield arising from the deeper-rooted Rye1 (second graph)
ranges from 0.5 for the equal root depth scenario to 0.7 for the scenario with the shallowest Rye2. Graphs 3 and 4 show
the cumulative harvested yield from each of the grasses — the patterns are sensible given the changes in rooting depth.



The final two graphs show the degree of water stress (1 is no stress) in December and January for each of the grasses.
As the root depth of Rye2 decreases, water stress in Rye1 shows a slower onset and a reduction in magnitude. Again,
these patterns meet expectations.
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4.5 05 A Ryegrass and White Clover Example

The final test in the single zone set is of a typical ryegrass and white clover pasture. The white clover has a rooting depth
of 150 mm and the ryegrass has roots down to 750 mm deep. The simulations use a soil with 132 mm of PAW to 750 mm
deep in the Lincoln environment which the pasture harvested by cutting down to 1000 kg DM /ha every 21 days with all
herbage removed from the paddock. The simulation is run for ten years and in three combinations: no irrigation or
fertiliser, irrigation but no fertiliser, and both irrigation and fertiliser.

The first graph shows the proportion of the total harvested dry matter that was ryegrass and the next three graphs show
the standing dry matter of the white clover (pink) and the total (clover plus ryegrass) sward. In this deep soil with no
irrigation or fertiliser and under a cutting regime, the grass and clover stabilise to about 35% grass and 65% clover. The
soil here allows for reasonable growth in the shallow-rooted clover and the poor nutrient status of the soil (no nutrient
returns at all) gives the clover a competitive advantage. When fertiliser is added to the dry simulation the sward becomes
90% grass (not shown). With irrigation but no fertiliser, the sward becomes clover dominant (about 70%) but when
fertilised the sward swaps to grass-dominant (about 20% clover). These patterns make sense given the physiological
characteristics of the individual plants and suggests that the Runge-Kutta method is a reasonable representation of the
competitive processes in the soil.

List of experiments.

Experiment Name | Design (Number of Treatments)

Experiment05 Factor (3)
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5 Conceptual Tests of Crops with Roots Across Zones

The series of test and simulations in this section test the performance of SoilArbitrator when there are plants with roots
spread across zones. All of these tests are in a uniform soil with lots of soil water storage but no source of organic N. The
climate is a uniform or controlled environment. The plant is a ryegrass.

The first three series demonstrate two-zone simulations with the ryegrass in Zone0 and a bare soil in Zone1. The Zone0
ryegrass can spread a variable proportion of its roots into Zone1.

The last two simulations are each three zones and a ryegrass in each zone. The ryegrass in the central zone can spread

roots into its neighbours but the ryegrasses in the outer zones can access only their ‘home’ zones. The simulations start
with either uniform mineral N across the zones or with increased N in ZoneO.

5.1 06 Test With No Stress

The conditions for this series of simulations are:

. a controlled environment with 25 MJ /m2 solar radiation, 15 C minimum and 25 C maximum air temperature, no
rainfall;

. a uniform soil with 210 mm of PAW to 600 mm deep;

. the soil has no organic matter and there is no surface organic matter;

. Zone0 has a ryegrass with roots to 600 mm deep;



. Zone 1 has no plant in the zone;
. the ryegrass is trimmed every day to maintain 2250 kg DM /ha with all herbage removed from the simulation; and
. water and fertiliser are applied every day sufficient to maintain conditions of no water or N stress.

The series of simulations add some roots from the ryegrass in Zone0 into Zone1 such that Zone1 contains 0, 0.25, 0.5,
0.75 or 1.0 of the roots in Zone0 so that the ryegrass can meet its water and N demand from some combination of the
resources in the two zones. Note that there is no canopy cover in Zone1 and therefore evaporation from the soil surface
will be greater than that in Zone0Q. The expectation is that as a greater proportion of the roots are in Zone1, that:

. the irrigation need in ZoneO will decrease and that in Zone 1 will increase and possibly exceed that in Zone0
when there is an even spread of roots (because of the expected additional evaporation of soil water without canopy cover
in Zone1)

. the amount of fertiliser added should decrease in Zone0 and increase in Zone1 as more rots are spread into
Zone1

The graphs show that these expectations are met.

List of experiments.
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5.2 07 Test With Water Stress

This series of simulations are as for the ‘No Stress’ series except there is no irrigation (fertiliser remains turned on). There
is also no rainfall so this is a run-down experiment. The expectation is that as more roots are spread into Zone1 that: «

The plant can access more water so more dry matter will be harvested and, later on when there is insufficient

stored soil water, senescence will be slower;

Water demand and water uptake will be maintained for longer;

Water stress will be later and less severe for a while;

There will be no N stress because fertiliser is applied as needed;

The soil water in Zone0 will be depleted more slowly while the soil water in Zone1 will be depleted more quickly;
Soil nitrogen will be unaffected; and

Less fertiliser will be applied in Zone0O and more in Zone1.

These expectations are met. It seems likely that the fluctuations in soil N storage are due to the size of each fertiliser
addition (50 kg N /ha).

List of experiments.

Experiment Name | Design (Number of Treatments)

Experiment07 NumOfZones (5)
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5.3 08 Test With Nitrogen Stress

This series of simulations are as for the ‘No Stress’ series except there is no fertiliser (irrigation remains turned on). There
is also no soil organic matter or initial mineral N so this is a run-down experiment. The expectation is that as more roots
are spread into Zone1 that: «  The plant can access more N so more dry matter will be harvested and, later on when
there is insufficient stored N, senescence will be slower;

. Water demand and water uptake will be maintained for longer;

. There will be no water stress;

. N stress will be delayed and less severe;

. Soil water storage will be unaffected;

. . The soil N storage in ZoneO0 will be depleted more slowly while the soil N in Zone1 will be depleted more quickly;
an

. There is likely to be a reduction in irrigation applied to Zone0 and an increase in Zone1 as more water is extracted

from Zone1 but this will be moderated by the reduction in growth as N becomes severely limited.

These expectations are largely met. There are some strange dynamics when 0.25 of the roots are in Zone1 for which
there is no obvious explanation but otherwise the patterns are as expected.

List of experiments.

Experiment Name | Design (Number of Treatments)

Experiment08 NumOfZones (5)
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5.4 Conceptual Three Zone Simulation with Initial Uniform Soil N

In this simulation, which is largely based on the one above, there are three zones with a ryegrass, lots of irrigation but no
fertiliser and about 35 kg mineral N in the soil at initialisation. The roots from the ryegrass in Zone1 has roots on Zone0
and Zone2 but the ryegrasses in Zone0 and Zone2 only have roots in their own zone. As expected:

the ryegrass in Zone1 grows more (note that Zone0 and Zone2 are mostly plotting on top of each other),
water demand and uptake is higher,

N stress is lower for longer because the plant has access to some of the N in Zone 0 and 2,

soil N storage declines more slowly, and

more irrigation is required in Zones 0 and 2 because of the additional water uptake from the Sone1 ryegrass and

its spreading roots.
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5.5 Conceptual Three Zone Simulation with Initial Nonuniform Soil N

This simulation differs from the previous only in that Zone0 initially starts with 100 kg of mineral N in the soil. This results
in the expected changes in plant performance and depletion of soil N and water.
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