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Scientific basis for the model

Terminology
The shoots of plants consist of stems with other organs attached.  There are three types of stems on a cotton plant: mainstem, vegetative branches and fruiting branches.  Cotton physiologists call the vegetative branches, "monopodial branches", and the fruiting branches, "sympodial branches".  This is because the vegetative branches exhibit monopodial growth: they grow by the continued activity of a single meristem, and fruiting branches exhibit sympodial growth: they grow from successive lateral meristems.  Sympodial growth occurs because the flowers on fruiting branches are terminal on the stem, and a lateral bud takes over to continue stem extension.  Cotton physiologists also talk about pre-fruiting nodes on the mainstem.  These are the nodes that appear before the first flower bud is visible on the plant.  The flower buds are called squares and the fruits are called bolls.  The time of appearance of the first square on the plant is called first square.

In this model and documentation, we use the square and boll terminology but we have avoided the other specialist terms so that the model will be more intelligible to people who are not cotton specialists.

Nodal_units
In this model, all stems with their attached organs consist of nodal units.  Nodal units are defined as consisting of an internode, plus (possibly) the leaf attached to the node at the base of that internode, and the fruiting point at the top of the internode.  All nodal units have an internode and most have a leaf.  Nodal units at the bases of branches do not have their own leaf; they grow out of the axil of the subtending leaf on the stem.  Vegetative nodal units may also have branches attached.  Fruiting nodal units have fruiting points.  

Numbering nodal_units
The nodal units are numbered according to the node at which they are attached, as follows:  location is designated by three numbers: up_number, out_number, and d3_number.   The up_number is the number of the node on the mainstem to which the nodal unit or the branch bearing it is attached.  The cotyledons are at the base of nodal_unit number one.  The out_number is the number of the node on the branch to which the nodal unit or the sub-branch bearing it is attached.  The d3_number is the number of the node on the sub-branch to which the nodal unit is attached.  Thus, the ninth node on the mainstem is location 9,0,0 and the third node on a fruiting branch attached to the fifth node of a vegetative branch attached to the fourth node of the mainstem is location 4,5,3 (See diagram overleaf).

Accessing all parts of the plant
To determine the potential growth rate of the organs on the plant, to grow the organs, to determine plant height or leaf area, it is necessary to access all the relevant organs and sum their properties.  This is done in the model by traversing the plant structure from the base up.  A message is sent to the Main_stem object to perform the desired action.  Since Main_stem is a subclass of Stem, it actually uses a method in Stem to perform the action.  Stem calls the first Nodal_unit on the mainstem, then the first Nodal_unit calls the second, and so on until the last Nodal_unit on the mainstem is reached.  As each Nodal_unit is accessed, the message finds a virtual function, which passes the message on to Vegetative_nodal_unit or Fruiting_nodal_unit as appropriate.  Each Nodal_unit is tested for the presence of an attached stem.  If one is encountered, the message is sent back to Stem, which passes the message on to Vegetative_branch or Fruiting_branch as appropriate.  Then the message is passed from Nodal_unit to Nodal_unit on this stem until the last Nodal_unit is reached.  By this mechanism we can access every part of the plant without knowing in advance the type of stem we are traversing or the type of nodal unit we have encountered.  Fruiting_points are accessed from a list of fruiting_points in order of age: oldest to youngest.

Time steps in the model

The data used to develop this model, came from experiments with different day and night temperatures.  At first we attempted to use hourly time steps throughout the model but we soon realized that we could not extract the necessary parameters from the dataset.  Only datasets with constant day and night temperatures can be used in that way.  Therefore the model uses a daily timestep to calculate development, potential growth and actual growth, and an hourly timestep to calculate photosynthesis, transpiration, nitrogen uptake and leaf water relations.  The soil model sometimes uses time steps that are sub-multiples of one hour, depending on soil conditions.

Emergence
The model starts with the plant at emergence.  It is assumed that the cotyledons have just unfolded.  When the plant is initiated, the first nodal unit is added to the mainstem.  It consists of the newly opened cotyledons and an internode.  The cotyledons are treated as a leaf that has a leaf blade but no petiole.
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Plant development
Plant development is calculated in the Development object.  The plant development events recognized in this model are: (a) addition of a node (either a vegetative or a fruiting node) to a stem, (b) first square, i.e. the appearance of the first flower bud, (c) opening of a flower, and (d) opening of a boll.  Except for (b) first square, these events are simulated for individual organs on the plant.  During each time step, the increments of progress to these events are calculated for each organ as appropriate.  The increments are summed in an accumulator until the value of the accumulator equals 1.0; at which time the event occurs.  Thus, Development handles the appearance of new nodes on each stem, appearance of the first square on the plant, and the progress of each fruiting point from square to flower to open boll.

Addition of nodal units, branches and leaves
Vegetative nodal units are added to the mainstem continuously.  Vegetative branches are added to the mainstem at nodes 3 and 4 at first square, in this model.  If data become available, the model can be changed to have a variable number of branches at other locations added at other times.  Vegetative nodal units are also added to the vegetative branches continuously.  When the first square appears on the plant, it appears on a fruiting branch growing out of the mainstem node that is expanding at that time.  Subsequent nodes on the mainstem all have a fruiting branch growing out of them.  The first four nodes on vegetative branches do not bear fruiting branches, but subsequent nodes all have fruiting branches after first square.  New nodes appear on the fruiting branches and vegetative branches at the same rate, and that rate is lower than the rate for the mainstem.   Each fruiting branch in this model is limited to having no more than five fruiting nodal units.  As each leaf is added to the plant it is also added to a list of leaves.  This list is used to access the leaves in order oldest to youngest, to determine if they should be abscised.

The meaning of "potential growth" in this model
The term "potential growth" may suggest to some readers the growth that could be achieved by a plant if there were no limitation.   However, in this model, "potential growth" is used to mean the growth that can occur at the temperature experienced by the plant, if there are no other limitations.  A plant growing at the "potential rate" in this model may still be limited by temperature.  This use of the term is fairly common in plant models.

Potential growth of vegetative shoot organs
In the data used to develop the model, phyllochron interval was measured as the time from one leaf unfolding to the next.  A leaf was considered to be unfolded when three main veins were visible.  Because of this, in the model, each nodal unit is initiated with an internode of small but finite length, and with a leaf bearing a leaf blade of small but finite area.  The initial sizes of the internode length and leaf area are functions of their location on the plant.  [These initial sizes should be subtracted from the sizes of the previous nodal unit eventually, but that is not done at present.]  

The lengths of time, for which each internode grows in length and each leaf blade grows in area, are functions of temperature.  The duration of growth decreases as temperature increases.  Duration of growth is calculated from mean temperature over the period of growth.  Since the model operates in daily steps, mean temperature for the period of growth is not known in advance.  Therefore it is assumed that the mean temperature on the first day is the mean for the whole period of growth, and duration of growth is calculated using this figure.  On subsequent days mean temperature and duration of growth are recalculated.  In this way the duration of growth gradually approaches its true value. The current size of each internode and leaf blade is a sigmoid function of (age of organ)/(duration of growth)*(initial size).  The dry weight of the new leaf blade is calculated from specific leaf area (= leaf area per unit dry weight), which is a function of carbon dioxide concentration and temperature.  Petiole dry weight is a function of leaf blade dry weight.  The dry weight of each internode increases continuously and is a function of the length of the internode and the total weight of plant above it.

The potential dry weight of the taproot equals (its length)/2*(weight per unit length of the lowest internode on the mainstem).

Potential growth of fruiting points
As each fruiting point appears on the plant, it is added to a fruit_list that keeps the fruits in order oldest to youngest.  This facilitates giving the fruits different priorities for carbon and nitrogen allocation according to their ages.  Each fruiting point goes through the sequence: square, flower, young green boll, green boll and mature (open) boll, if it survives that long.  Its stage of development is recorded as a numerical code in fruit_stage, where 1 = square, 2 = flower, 3 = young green boll, 4 = green boll and 5 = mature boll.  One day after each flower opens, the petals and stamens fall off.  The petals and stamens represent 30% of the weight of the flower so the weight of the fruiting point is reduced appropriately as it passes to the young green boll stage.  The rate of dry weight gain for each stage is a function of temperature.  The rates of progression from one stage to the next are also functions of temperature and they are calculated in the Development object.  The parts of the boll: lint, seed, and burr are not yet grown separately.  We need data on growth of the various parts of bolls after anthesis.  

Reduction of plant development by nitrogen stress
The addition of new nodes and, the appearance of the first square, calculated in the Development object, are decreased by nitrogen stress.

Potential net canopy photosynthetic rate
Gross photosynthetic rate is calculated for the crop canopy using canopy photosynthetic characteristics determined in daylit controlled-environment chambers.  The rate may be reduced by very low air temperature.  It may also be reduced by the plant nitrogen content or by the age of the uppermost fully-exposed part of the canopy, whichever is most limiting.  The age of the exposed canopy is calculated by moving backwards through the leaf list from youngest to oldest leaf, accumulating leaf area.  When accumulated leaf area equals the area of soil covered by the canopy, mean leaf age is calculated, weighted for the area each leaf contributes to the accumulated area.  Light respiration is a function of gross photosynthesis and the relative concentrations of carbon dioxide and oxygen.  Maintenance respiration is calculated as a function of leaf weight and nitrogen content.  It is assumed in this model that maintenance of stems, roots and fruits is negligible.  Light respiration and maintenance respiration are subtracted from gross photosynthesis to give potential net canopy photosynthetic rate under well watered conditions.  The net rate is negative at night and sometimes in low light.  Growth respiration is handled by adding the cost of growth respiration to the carbon needed to grow various organs.

Potential canopy transpiration rate
Potential canopy transpiration rate is calculated using the Penman equation.  

Stomatal conductance
It is assumed in the model that the stomata only open just wide enough to admit carbon dioxide to the leaves at the potential net canopy photosynthetic rate.  We use the Ball-Berry-Woodward model to calculate this stomatal conductance as limited by carbon dioxide fixation rate.  This model uses a stomatal sensitivity factor (k in the original paper) which is known to vary during the growing season.  In this cotton model, the stomatal sensitivity factor is recalculated each day.  

It is further assumed that the stomata close when the water potential at the guard cells decreases to -15 bars.  Thus the greatest canopy transpiration rate possible is equal to the rate of water uptake when there is a suction of -15 bars at the top of the transpiration stream.  This water uptake rate is calculated, and is then used to calculate a stomatal conductance as limited by water uptake rate.  Whichever of these conductances is least is taken as the actual stomatal conductance for that time step.  

Actual canopy transpiration and photosynthetic rates
Actual canopy transpiration rate is taken as the lesser of the stomatal-limited transpiration rate and the potential canopy transpiration rate, i..e. the atmosphere-limited transpiration rate.  Actual net canopy photosynthetic rate is calculated from actual stomatal conductance, again using the Ball-Berry-Woodward model.

Leaf water potential, osmotic potential and turgor pressure
Next we calculate the water potential at the guard cells just sufficient to extract water from the soil at the actual canopy transpiration rate.  Leaf water potential follows guard cell water potential until the latter pegs at -15 bars.  After that, while water uptake is limiting, leaf water potential dips below guard cell water potential by an amount that is a function of (potential transpiration rate)/(actual transpiration rate).  During each day a proportion of the change in leaf water potential is taken up by a change on leaf osmotic potential.  We currently assume this will account for half of the change.  Leaf osmotic potential is allowed to vary between -8.5 and -12 bars.  The rest of the change in leaf water potential manifests itself as a change in leaf turgor pressure.   A mechanism for osmoregulation, i.e. long-term adjustment of leaf osmotic potential, has been included in the model, but is currently disconnected pending evidence of osmoregulation in cotton and data on the rate at which it occurs.  

Shoot and root growing time
Shoot expansion stops when leaf turgor pressure falls to, or below, 2 bars, and it is limited below a turgor pressure of 5 bars.  We assume a linear relationship between zero shoot expansion at 2 bars, and shoot expansion at the potential rate at 5 bars and above.  The reduction in shoot expansion rate decreases the potential growth rate of organs on the shoot.  We further assume that, as shoot expansion is reduced, the carbon being translocated from the leaves is increasingly diverted to the roots.  This gives the model a mechanism for growing more roots when the plant runs short of water in the middle of a sunny day.  

The shoot carbon pool and translocated carbon
Sixty-five% of the carbon fixed by actual net canopy photosynthesis is translocated out of the leaves and 35% is added to the shoot carbon pool.  Simultaneously 12.5% of the shoot carbon pool is mobilized and translocated per hour.  This simulates the increase in the carbon pool (starch in leaves and stems) during the day and the decrease at night.  The maximum size of the shoot carbon pool is 30% of the total weight of internodes and leaves on the plant.  When actual net canopy photosynthesis is negative, it is added to the carbon mobilized from the shoot carbon pool.  If the net result is still negative, translocated carbon is set equal to zero.  

Nutrient availability
At present the model only tracks nitrogen availability.  Nitrogen is taken up passively in the transpiration stream depending on the nitrate concentration in the soil from where the water is extracted.  If this is insufficient to meet the needs of the plant, active nitrogen uptake is allowed.  Maximum active nitrogen uptake is a function of the amounts of root, nitrogen and water in each soil cell.  The model plant accumulates this nitrogen temporarily during the day in a nitrogen pool.

The nitrogen required to grow new tissue, as percentages of dry weight, are: squares 0%, bolls 3.25%, leaf blades 3.5%, stems and petioles 2%, roots 2%, taproot 0%.  The same figures are used as the maximum nitrogen contents.  Once each day at midnight, the nitrogen is allocated to grow various organs on the plant.  It is assumed that all the nitrogen in the nitrogen pool and any nitrogen in vegetative tissue above 60% of the maximum nitrogen content is available for translocation. If there is nitrogen left over after allocating it to growing organs, that nitrogen is added back to the vegetative tissue nitrogen content, up to the maximum level.  Any nitrogen left over after that goes to the nitrogen pool.  These mechanisms mimic the ready translocation of nitrogen from old to young tissues, and we have found it necessary to include them to avoid dumping fruits during temporary periods of nitrogen shortage.  If there is too little nitrogen in the pool to enable all the carbon available to be used, that excess carbon is allocated to the roots responsible for nitrogen uptake and the nitrogen needed to grow those roots is subtracted from the vegetative tissue nitrogen content.  This mechanism can take vegetative tissue nitrogen content down below 60% of its maximum.  

The varying vegetative tissue nitrogen content impacts growth in several ways. It reduces photosynthetic rate,    maintenance respiration rate and several development rates.

Functional equilibrium
In some ways that we do not yet understand, plants maintain a functional equilibrium.  That is, they manage to take up water, nutrients and carbon in the correct proportions for growth to occur.  A shortage of one factor causes resources to be allocated to the organs responsible for acquiring that factor.  This model contains hypothetical mechanisms to maintain functional equilibrium; resources are not allocated in fixed proportions to various organs as in most plant models.  Thus, as we have already discussed, allocation of carbon to roots responsible for water uptake depends on shoot turgor; a loss of shoot turgor increasing the allocation.  Similarly, allocation to roots responsible for nutrient uptake depends on the carbon/nutrient balance; a nutrient deficiency increasing the allocation.  If both water and nutrient supply are adequate, the resources are allocated to the shoot.  

Allocation of carbon and nutrients
Carbon and nutrients are allocated to various organs on the plant in the Allocation object.  At present the code only allocates carbon and nitrogen, but it is written in such a way that expansion to include other nutrients is simple.  The principle behind the allocation is that all organs require carbon, nitrogen, potassium, phosphorus, etc to grow.  The amounts of each required depend on the composition of the dry matter being accumulated and the potential growth of the organ.  Leaves, being high in protein, require more nitrogen than other organs.  The carbon allocated includes both the carbon to be incorporated in the dry matter and the carbon to be respired during its synthesis.  Bolls typically accumulate lipids, the most expensive type of dry matter because a lot of carbon is respired during its synthesis.  The composition of the dry matter being accumulated by fruiting points changes as they develop.  

Growth of organs on crop plants in fertile agricultural soils is nearly always limited by carbon availability.  Plants have very high potential growth rates, possibly so that they can take advantage of favorable circumstances.  However crop plants do sometimes run into nutrient shortages.  In the case of cotton , which is a perennial, farmers deliberately let the plants run out of either water (west of the Mississippi) or nitrogen (east of the Mississippi) to make them behave as annuals.  In the model, if there is an insufficient supply of carbon or some nutrient to grow an organ at its full potential rate, the growth rate is reduced to what can be supported.  The requirements of an organ for carbon and various nutrients to grow at the potential rate is termed the demand in this model.

Roots of various types
Horticulturists have demonstrated conclusively that plants are capable of growing at least two types of root that differ in appearance and function.  In gravel culture, pots of soil are placed on a bed of gravel.  The plants are grown in the soil and their roots emerge into the gravel bed.  Subsequently, nutrients are added to the soil, but it is not watered; all water is applied to the gravel bed.  The plants grow long, white, fleshy roots to take up water from the gravel and they grow a dense mat of thin brown roots to take up nutrients from the soil.  We recognize these different types of root in this model.  In the future we intend to experiment with using various criteria for distributing these different roots in the profile.  If the carbon has been allocated to grow roots responsible for the uptake of water, then the roots will be grown preferentially in soil cells that have the most water.  If the carbon has been allocated to grow roots responsible for the uptake of nutrients, then the roots will be grown preferentially in soil cells that have the most nutrients. However, at present all the roots grow preferentially in the cells that have the most nutrients.

Priorities for the allocation of carbon and nutrients
Carbon and nutrients are allocated to the plant in the Allocation object.  Priorities are shown by the order of calculations, which is given below.

While the plant is young, a large proportion of the carbon available is allocated to roots, to simulate their rapid early growth.  We do not know of any mechanism for doing this, so we artificially allocate 50% of the available carbon at germination, decreasing to 0% at first square.  After that, additional carbon may be allocated to the roots responsible for the uptake of water.  The amount so allocated depends on leaf turgor pressure; gradually increasing as leaf turgor decreases near midday.

Next in order of priority are bolls older than 14 days after anthesis (flowering).  Any available resources are shared among them in proportion to their demand.  Remaining resources are used to satisfy the demand of bolls in the age range 7-14 days after anthesis, starting with the oldest and proceeding to the youngest.  This simulates the priority given by the plant to bolls, especially the older bolls. Any resources remaining after that are shared among all the other organs on the shoot in proportion to their demand.  Thus squares and bolls younger than 7 days after anthesis compete with internodes, petioles and leaf blades on an equal footing for resources.  Finally, any resources remaining are allocated to the taproot.

Since growth may be limited by carbon or any of the nutrients, it is possible to go through the procedure of allocating resources to all these organs and still have materials unallocated.  At this stage, the model uses any remaining carbon to fill the shoot carbon pool (starch in the leaves and stems).  If there are still both carbon and nutrients left over, then the carbon is allocated to the roots responsible for uptake of water.  If there is carbon left over but no nutrients, then the carbon is allocated to the roots responsible for uptake of nutrients.  The logic behind this is that nutrients must be limiting if carbon is left over, and the plant will grow roots to take up more nutrients.  The nitrogen needed for this root growth is taken from the vegetative tissue nitrogen content.

If nitrogen is left over after allocating all carbon, it is added to the vegetative tissue nitrogen content up to the maximum allowed.  Any excess is returned to the nutrient pool for use the next day.

Abscission
Leaves abscise when they are no longer self-supporting, i.e. when their (gross photosynthesis - light respiration - maintenance respiration) for the day is less than or equal to zero.  After two days of not being self-supporting, they are marked for abscission.  They fall off the plant after another 5 days.

Fruiting points (squares, flowers and bolls) are abscised if they have not been fed for the past 2 days AND their (actual dry weight)/(potential dry weight) has fallen below a threshold value.  That threshold starts at 0.75 and decreases to zero as fruiting point dry weight increases from zero to 3.2g.  This 3.2g is approximately the weight attained by bolls 14 days after anthesis.  Regardless of whether they have actually attained that weight bolls older than 14 days after anthesis are not abscised whatever happens. 

We tested the effect of code to abscise any flowers that open on a day when there is more than 12.5 mm of rain or sprinkler irrigation on the crop (as in GOSSYM).  However, this can drastically reduce yield if the model happens to open its early flowers on days of rain.  We suspect that real plants delay flowering on cloudy days, although they may still be caught by an afternoon thunderstorm with some flowers open.  We removed the mechanism.

Brief introduction to object-oriented design
This section is provided for those readers who are not familiar with the ideas and terminology of object-oriented design (OOD) and object-oriented programming (OOP).  It is an extract from a paper by Acock and Reynolds in Ecological Modelling, 1997.

In procedural computer languages like Fortran, the state of the system being modeled is represented by state variables and the model code makes calculations that update these variables according to the various processes being modeled.  In plant and ecosystem models, the calculations usually move the modeled system through time to a new state, depending on input data received.  This is called a procedural design. In procedural designs, the state variables are often grouped together in a COMMON block where they are freely accessible to all the processes.  To make the distinction between procedural designs and object-oriented designs (OOD) clearer, we call the former process-oriented designs, because the emphasis in the model is on describing the processes operating in the system. 

In OODs the emphasis is on the objects in the system and the ways in which they interact.  The objects are usually the physical components of the system, but they can sometimes be processes or even purely imaginary constructs.  Objects contain both the state variables and the processes associated with that object.  The object “knows” its state and how to perform various processes, some of which may change its state. For example, a leaf "knows" its position on the plant, its age, its area and how to photosynthesize, transpire and grow. 

The terminology of OOD has not been standardized, so different writers use different terms.  In listing the alternative terms, we underline the terms used in this documentation.  In OOD, state variables are called simply variables, attributes, or (rather loosely) data. Processes are called services or methods.  In OOD, the combining of attributes and methods in an object is known as encapsulation because the attributes and methods are encapsulated together in the object.  

Objects communicate with each other by sending messages.  Messages activate or invoke a method in another object.  Most methods perform some calculation, some methods return the value of a calculated atribute to the requesting object, and some methods simply return the current value of an attribute.  The values of the attributes in an object are only made available to other objects through methods.  This is called data hiding and is an important aspect of encapsulation.  It is a feature that can be used to control access to data.  Each object can have its own response to a message.  If a plant object sends the message "grow" to a leaf object and to a root object, each object can respond to the message in an appropriate way.  This ability to have methods with the same name produce different results in different objects is called polymorphism.

To economize on coding, object-oriented programming (OOP) languages allow objects to inherit variables and methods from other objects.  When a model contains many instances of a particular type of object it is useful to describe the object type once and to allow all instances of the type to inherit their attributes and methods from the object type.  In OOP, the object type is sometimes called a class.  Thus the programmer can describe a class “leaf” from which all instances of leaves in the model will derive their properties.  The act of creating a new leaf object from the class "leaf" is called instantiation.  In fact, the programmer only writes classes in OOP and all objects used in the model are instances created at run time. Thus, to be completely accurate we must rephrase the sentence at the start of this paragraph to read: “To economize on coding, OOP languages allow classes to inherit attributes and methods from other classes.” The programmer can also create new classes "mainstem_leaf" and "branch_leaf" and have them inherit most of their attributes and methods from the class “leaf.”: The classes "mainstem_leaf" and "branch_leaf" may also have attributes and methods additional to those in "leaf", and some of the inherited methods may be overridden. 

To maximize inheritance, the objects in an OOD model are typically arranged in a "kind of" hierarchy.  The name of this hierarchy is derived from the fact that a mainstem_leaf is a “kind of” leaf, which is a “kind of” plant_organ.  A “kind of” hierarchy arranges objects so that objects lower in the hierarchy can inherit from those above.  In contrast, the more common “part of” hierarchy does not facilitate inheritance although it may be used to determine which objects point to which other objects, e.g. plant pointing to canopy, pointing to leaf, etc.  Some programmers who like using inheritance invent imaginary objects near the top of the hierarchy, just so that real objects lower in the hierarchy can inherit their properties.  Thus, a programmer might add an object “thing” above “plant_organ” in just so that all plant organs could inherit some property common to all "things", e.g. age.

David Taylor (1991) has pointed out that all living things have an object-oriented design.  They are all composed of cells that contain information about themselves and the ability to perform certain actions.  The cell membrane protects the cell contents from other cells; the cells communicate with each other.  During growth, new cells form from similar, unspecialized (meristematic) cells.  There is a clear evolutionary hierarchy of cell types with each inheriting properties from the type above in the hierarchy.

Inheritance structure
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This is also called the "kind of" or "is a" hierarchy, because (for example) a Mainstem is a kind of Stem, is a kind of Shoot_organ.  Classes lower in the hierarchy inherit attributes and methods from those above them.  

We have limited the hierarchy to three levels, because that makes the whole model easier to understand and debug.  For example, a service performed by Mainstem may be defined in Mainstem or it may be inherited from Stem or from Shoot_organ.  There are only three layers that need to be searched because we have limited the depth of hierarchy.  

The only nutrient included in this structure is nitrogen.  Others would be handled similarly.

CPMCollectable

CPMCollection

CPMDate

Conversions

Simulation_controller

Timer

Weather_station_environment

Real_value

Canopy_environment

Cultivar

Crop_canopy

Spatial_configuration

Plant

Shoot_organ


Stem



Main_stem



Vegetative_branch



Fruiting_branch


Leaf


Leaf_blade


Petiole


Internode


Nodal_unit



Fruiting_nodal_unit



Vegetative_nodal_unit


Fruiting_point


[Burr]


[Seed]


[Lint]

Taproot

[Germination]

Development

Net_photosynthesis

Maintenance_respiration

Potential_transpiration

N_acquisition

Allocation

Output

Soil_environment

Global

Surface

Grid

Matrix_t

Cell

Water

Solute

Gas

Heat

SoilNitr

Root

Management

Management_event


Cultivation


Fertilization


Irrigation

CPMsolute

Output2d

Multiple inheritance is possible in C++.  Classes can inherit attributes and methods from more than one superclass.  This is used to give some objects properties that make them collectable.

CPMCollectable


CPMsolute


Fruiting_point


Internode


Leaf


Management -event


Nodal_unit


Real_value

The resulting collections, all instances of CPMCollection, are named respectively:


solutes 


fruit_list


internodes


leaf_list


events


nodal_units


temperatures (& radiations NOT YET USED)

Pointer structure

The objects in this model only have pointers to, i.e. they only know about, the other objects to which they are attached, or in which they are situated.  Thus for a Plant to know something about a Seed growing on it, the message requesting the information must be passed via Mainstem, Fruiting_branch, Fruiting_nodal_unit and Fruiting_point to Seed.  The purpose of this is to enhance modularity and support different levels of complexity, so that, for example, Plant can be replaced with a single equation that makes no attempt to simulate individual organs on the plant.  

This is sometimes called a "has_a" or "parts" structure.  Note that Main_stem has pointers to many Nodal_units, several Vegetative_branches and several Fruiting_branches.  A diagram showing the pointer structure is shown on the next two pages.  In the diagram a thick vertical line denotes classes that are related by inheritance.  Control is passed between these related classes as appropriate.  For example, sending a message to Stem will result in the message being forwarded to Vegetative_branch or Fruiting_branch as appropriate.




Control structure
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In crop models, the elements of the system are constantly and simultaneously responding to their environment and interacting with each other.  In our attempt to simulate this system with a sequence of calculations, we have to impose some order on it.  This necessarily introduces a procedural element into our object-oriented model.  The order of the principal steps in the procedure used in this model is shown in the diagram below.  The steps are shown as a hierarchy with the most important steps on the right and less important (or more detailed) steps on the right.  

Using this control structure we can develop models with different levels of complexity (or detail).  The simplest model would only consist of a single object: the Simulation_controller.  A more complex model would consist of Simulation_controller, Soil_grid_generator, Time, Weather_station_environment, Canopy_environment, Soil_environment and Plant.  

Any  or all of the steps in this structure could be expanded to give more detail and introduce additional objects

each run:
CPM calls:

Simulation_controller.run

-
each day:
-
Simulation_controller.reset_management

-
Simulation_controller.check_management

-
-
Management.update

-
each time step:
-
Canopy_environment.update (daily)

-
-
Weather_station_environment.update

-
-
-
Weather_station_environment.calculate_solar_declination

-
-
-
Weather_station_environment.calculate_day_length

-
-
-
Weather_station_environment.calculate_temp_parameters

-
-
-
Weather_station_environment.calculate_radiation_parameters

-
Soil_environment.update

-
-
Surface.spread

-
-
-
Surface.acceptEvent

-
-
-
Water.fQ

-
-
-
Water.fG

-
-
-
-
Root.sort

-
-
Root.grow

-
-
-
Root.sort

-
-
Solute.uptake

-
-
-
Root.sort

-
-
SoilNitr.transform

-
-
-
SoilNitr.acceptEvent

-
-
-
SoilNitr.setAbio

-
-
Soil_environment.synchronizer

-
-
Water.flow

-
-
-
Water.setMat

-
-
-
-
Water.fK

-
-
-
-
Water.fC

-
-
-
-
Water.fQ

-
-
-
Water.labOut

-
-
-
Water.veloc

-
-
Solute.move

-
-
-
Solute.reset

-
-
-
-
Grid.cellularToNodal

-
-
-
Solute.disper

-
-
-

Solute.tau

-
-
-
Solute.weFact

-
-
Gas.move

-
-
-
Gas.reset

-
-
-
-
Grid.cellularToNodal

-
-
Heat.move

-
-
-
Heat.thermal

-
Plant.grow_hourly   each time step:

-
-
Plant.potential_transpiration

-
-
-
Crop_canopy.pot_trans

-
-
-
-
Potential_transpiration.get_potential_transpiration_rate

-
-
-
Plant.water_stress (rename .2dsoil_pot_tran)

-
-
Plant.potential_photosynthesis

-
-
-
Crop_canopy.potential_photosynthesis

-
-
-
-
Crop_canopy.calculate_light_interception

-
-
-
-
Crop_canopy.photosynthesize

-
-
-
-
-
Crop_canopy.calculate_photosynthetic_param

-
-
-
-
-
Net_photosynthesis.calculate

-
-
-
-
Crop_canopy.maintenance_respire

-
-
-
-
-
Maintenance_respiration.calculate

-
-
-
Crop_canopy.get_net_photosynthesis_rate

-
-
-
Crop_canopy.get_maintenance_respiration_rate

-
-
Plant.stomatal_limitations

-
-
-
Crop_canopy.calculate_stomatal_conductance

-
-
-
-
Simulation_controller. get_potential_water_uptake_rate

-
-
-
-
-
Soil_environment. get_pot_h2o_up_half_slab

-
-
-
-
Plant.get_net_co2_flux

-
-
Plant.actual_transpiration

-
-
-
Crop_canopy.actual_transpiration

-
-
Plant.actual_photosynthesis

-
-
-
Crop_canopy.actual_photosynthesis

-
-
-
-
Plant.get_net_co2_flux

-
-
Plant.c_limitations

-
-
-
Crop_canopy.get_actual_net_photo

-
-
Plant.leaf_water_status

-
-
-
Crop_canopy.calculate_water_status

-
-
-
-
Simulation_controller. get_potential_water_uptake_rate

-
-
-
-
-
Soil_environment. get_pot_h2o_up_half_slab

-
-
Plant.leaf_self_sufficiency

-
-
-
Crop_canopy.determine_leaf_self_sufficiency

-
-
-
-
Leaf.determine_self_sufficiency

-
-
-
-
-
Net_photosynthesis.leaf_net_photo

-
-
-
-
-
Maintenance_respiration.leaf_maintenance_respiration

-
-
Plant.nitrogen_uptake

-
-
-
Soil_environment.get_nitrate

-
Plant.grow_daily   each day:
-
-
Plant.develop

-
-
-
Development.update

-
-
-
Main_stem.develop

-
-
-
-
Vegetative_nodal_unit.add_vegetative_branch

-
-
-
-
Vegetative_nodal_unit.add_fruiting_branch

-
-
-
-
Stem.develop

-
-
-
-
-
Nodal_unit.develop

-
-
-
-
-
(= Vegetative_nodal_unit.develop, if appropriate)

-
-
-
-
-
(or = Fruiting_nodal_unit.develop, if appropriate)

-
-
-
-
-
-
Vegetative_nodal_unit.add_nodal_unit

-
-
-
-
-
-
Fruiting_nodal_unit.add_nodal_unit

-
-
-
-
-
-
Internode.develop

-
-
-
-
-
-
Leaf.develop

-
-
-
-
-
-
Fruiting_point.develop

-
-
-
-
-
-
-
[Burr.develop]

-
-
-
-
-
-
-
[Seed.develop]

-
-
-
-
-
-
-
[Lint.develop]

-
-
-
-
-
-
attached_branch.develop 

-
-
-
-
-
-
(= Stem.develop) recursive
-
--
Plant.calculate_expansion_factor

-
-
Plant.potential_growth

-
-
-
Main_stem.potential_growth 

-
-
-
(= Stem.potential_growth)

-
-
-
(Also, Stem.potential_growth = Vegetative_branch.potential_growth)

-
-
-
-
(or = Fruiting_branch.potential_growth, as appropriate)

-
-
-
Taproot.potential_growth

-
-
-
-
Nodal_unit.potential_growth

-
-
-
-
(= Vegetative_nodal_unit.potential_growth, if appropriate)

-
-
-
-
(or = Fruiting_nodal_unit.potential_growth, if appropriate)

-
-
-
-
-
Internode.potential_growth

-
-
-
-
-
Leaf.potential_growth

-
-
-
-
-
-
Leaf_blade.potential_growth

-
-
-
-
-
-
-
Leaf_blade.potential_area_growth

-
-
-
-
-
-
-
Leaf_blade.potential_weight_growth

-
-
-
-
-
-
[Petiole.potential_growth]

-
-
-
-
-
Fruiting_point.potential_growth

-
-
-
-
-
-
[Burr.potential_growth]

-
-
-
-
-
-
[Seed.potential_growth]

-
-
-
-
-
-
[Lint.potential_growth]

-
-
-
-
-
attached_branch.potential_growth (= Stem.potential_growth) recursive
-
-
Plant.allocate

-
-
-
Allocation.allocate

-
-
-
-
Plant.get_fruit_c_demand  etc. as for Plant.potential_growth above

-
-
-
-
Plant.get_leaf_c_demand  etc. as for Plant.potential_growth above

-
-
-
-
Plant.get_internode_c_demand  etc. as for Plant.potential_growth above

-
-
-
-
Plant.get_fruit_n_demand  etc. as for Plant.potential_growth above

-
-
-
-
Plant.get_leaf_n_demand  etc. as for Plant.potential_growth above

-
-
-
-
Plant.get_internode_n_demand  etc. as for Plant.potential_growth above

-
-
-
-
Fruiting_point.get_c_demand

-
-
-
-
Fruiting_point.get_n_demand

-
-
-
-
Fruiting_point.set_supply_demand

-
-
-
Allocation.get_add_c_pool

-
Plant.grow_daily (continued)

-
-
Plant.n_status

-
-
-
Allocation.get_add_veg_n

-
-
Plant.check_for_spray_event

-
-
Plant.systemic_chemical_concentration

-
-
Plant.actual_growth  etc. as for Plant.potential_growth above

-
-
-
Taproot.actual_growth

-
-
Plant.abscission

-
-
-
Main_stem.abscission

-
-
-
(= Stem.abscission)

-
-
-
(Also, Stem.abscission = Fruiting_branch.abscission, if appropriate)

-
-
-
-
Nodal_unit.abscission

-
-
-
-
(= Fruiting_nodal_unit.abscission, if appropriate)

-
-
-
-
-
Fruiting_point.abscission

-
-
-
Crop_canopy.abscise_leaves

-
-
-
-
Leaf.test_self_sufficiency

-
-
-
-
-
Leaf.abscise

-
-
Crop_canopy.senesce_leaves   (rename .calculate _canopy_senescence_factor)

-
-
Plant.update_quantities

-
-
-
Plant.calculate_fruit_dry_weight  etc. as for Plant.potential_growth above

-
-
-
Plant.calculate_leaf_dry_weight  etc. as for Plant.potential_growth above

-
-
-
Plant.calculate_internode_dry_weight  etc. as for Plant.potential_growth above

-
-
-
Plant.calculate_aboveground_dry_weight 

-
-
-
-
etc. as for Plant.potential_growth above

-
-
-
Plant.calculate_fruit_weight_abscised etc. as for Plant.potential_growth above

-
-
-
Plant.calculate_leaf_ weight_abscised  etc. as for Plant.potential_growth above

-
Output.print_out

-
Plant.reset_accumulators

-
-
Crop_canopy.reset_parameters

-
-
Crop_canopy.reset_trans_accumulators

-
Simulation_controller.update_plantmap

-
-
Simulation_controller.map_veg_node

-
-
Simulation_controller.map_fruit_node

-
Timer.step

Order of Initialization of Objects

Objects are initialized in a cascade as follows:

CPM

-
Simulation_controller

-
-
Conversions

-
-
Timer

-
-

CPMDate

-
-
Spatial_configuration

-
-
Canopy_environment

-
-
-
Weather_station_environment

-
-
-
CPMCollection (temperatures)

-
-
-
Real_value

-
-
Management

-
-
-
CPMCollection (events)

-
-
-
Fertilization

-
-
-
Irrigation

-
-
-
-
CPMCollection (solutes)
-
-
-
-
CPMsolute

-
-
-
Cultivation

-
-
Plant

-
-
-
Cultivar

-
-
-
CPMCollection(leaf_list)

-
-
-
Main_stem (= Stem)

-
-
-
-
CPMCollection (nodal_units)
-
-
-
-
Vegetative_nodal_ unit

-
-
-
-
-
Leaf

-
-
-
-
-
-
Petiole

-
-
-
-
-
-
Leaf_blade

-
-
-
-
-
Internode

-
-
-
-
-
Nodal_unit (= Vegetative_nodal_ unit or Fruiting_nodal_unit) as apppropriate

-
-
-
-
-
-
Leaf, if appropriate

-
-
-
-
-
-
-
Petiole

-
-
-
-
-
-
-
Leaf_blade

-
-
-
-
-
-
Internode

-
-
-
-
-
-
Fruiting_point, if appropriate

-
-
-
-
-
-
-
[Burr]

-
-
-
-
-
-
-
[Lint]

-
-
-
-
-
-
-
[Seed]

-
-
-
-
-
-
Vegetative_branch (= Stem), if appropriate
-
-
-
-
-
-
Fruiting_branch (= Stem), if appropriate

-
-
-
-
-
-
etc. with Stems adding Nodal_units and more Stems recursively
-
-
-
Taproot

-
-
-
Development

-
-
-
N_acquisition

-
-
-
Allocation

-
Simulation_controller continued
-
-
Plant continued
-
-
-
Crop_canopy

-
-
-
-
Potential_transpiration

-
-
-
-
Net_photosynthesis

-
-
-
-
Maintenance_respiration

-
-
-
CPMCollection(fruit_list)

-
-
Output

-
-
Soil_environment

-
-
-
Grid

-
-
-
Water

-
-
-
Surface

-
-
-
Root

-
-
-
Solute 

-
-
-
SoilNitr

-
-
-
Heat

-
-
-
Gas

-
-
-
Output2D

Objects, their attributes and methods
Last revised 28 October 1999

The attributes listed are those that are calculated by the object, and that are used, or have the potential to be used, by other objects.  

The values of most attributes of an object can be obtained from that object with the message .get_(name of attribute).  Also, get_(name of object) gets the pointer to the named object, if it is known to the calling object.  Getting methods are not listed.  Neither are methods to construct, destruct and initialize objects.

Allocation
attributes or variables:
add_c_pool

add_fruit_n

add_veg_n

c_ demand

c_supply_accum

c_supply_demand

c_used

fruit_c_demand

fruit_n_demand

internode_c_demand

internode_n_demand

leaf_c_demand

leaf_n_demand

n_demand

n_supply_demand

n_used

original_c_supply

original_n_supply

plant_n_out

plant_n_up

rem_n_supply

root_c_supply

root_c_supply_for_h2o

root_c_supply_for_n

taproot_supply_demand

veg_c_ratio
veg_n_ratio
veg_supply_demand

yesterdays_n_to_c_ratio

methods or services:
.allocate

Burr  NOT YET IMPLEMENTED

attributes or variables:
methods or services:
Canopy_environment
attributes or variables:
co2_concentration

current_temperature

methods or services:
.initialize_from(a_file)

.update (day-num)

Cell 

attributes or variables:
Area (n)

AreaT

Beta

delX

delY

Ep

Eq

Height

I

Mb

N

NStuff

Width

Xq

Xr

ymax

ymin

Yq

Yr

methods or services:
.recast

Conversions
attributes or variables:
hrs_per_sec

joules_per_langley

pi

rad_per_deg

methods or services:
.c_to_f

.f_to_c

CPMDate 

attributes or variables:
date

day

day_number

day_string

digit_string

month

month_string

year

year_string

methods or services:
.dn_to_d

.d_to_str

.increment

.is_leap_year

.make_digit_string

.m_to_str

.set_date

.y_to_str

CPM_defs 

attributes or variables:
classes

fruit_stage

CPMcollectable
attributes or variables:
next

previous

index
methods or services:
.set_index

.set_next

.set_previous

CPMcollection
attributes or variables:
first  

pointer to first member of collection

last  

pointer to last member of collection

size  

number of members in the collection

methods or services:
.add(item)
adds item to end of collection

.append(items)
adds severl items to end of collection

.at (index)
points to item in collection at index  NB.  collections are zero-based

.delete_contents()

.insert(CPMCollectable*, int)

.is_empty
returns 1 if true

.make_empty()
.pop()

.push(CPMCollectable*)

.remove_at (index)
removes member at index

.renumber(int)

.swap(int, int)

CPMSolute 

attributes or variables:
concentration

name

type

methods or services:
Crop_canopy
attributes or variables:
actual_net_photo

actual_transpiration_rate

beers_law_correction

canopy_albedo

canopy_co2_conductance

canopy_extinction_coefficient

canopy_light_utilization_efficiency

crop_cover

effective_lai
guard_cell_water_potential

last_net_co2

last_pot_trans_rate

leaf_area_index

leaf_base_osm_pot

leaf_osmotic_potential

leaf_transmission_coefficient

leaf_turgor_pressure

leaf_water_potential

maintenance_respiration_rate

net_phot_accum

net_photosynthesis_rate

number_of_leaves_checked

photo_max_param

potential_transpiration_rate

prop_par_intercepted

root_growing_time

seasonal_intercepted_radiation

seasonal_trans

senescence_factor

specific_leaf_area

stomatal_conductance

stomatal_sensitivity_factor

sum_act_h2o_up

sum_pot_h2o_up

sum_pot_trans

taum

taun

water_limit_flag

water_supply_demand
[water_use_efficiency]
methods or services:
.abscise_leaves

.actual_photosynthesis

.actual_transpiration

.calculate_light_interception

.calculate_photosynthetic_param

.calculate_seasonal_accumulators

.calculate_stomatal_conductance

.calculate_water_status

.determine_leaf_self_sufficiency

.maintenance_respire

.mark_all_leaves_for_abscission

.photosynthesize

.potential_photosynthesis

.pot_trans

.reset_parameters

.reset_trans_accumulators

.senesce_leaves

Cultivar
attributes or variables:
boll_weight_param

first_square_timing_param

fruiting_node_production_rate_param

internode_growth_duration_param

internode_length_param

is_pima

leaf_area_param

leaf_growth_duration_param

leaf_weight_param

photo_max_param

stem_weight_param

veg_node_production_rate_param

methods or services:
Cultivation  NOT YET IMPLEMENTED

attributes or variables:
hoe_depth

hoe_distance

methods or services:
Development
attributes or variables:

first_flower

first_square

first_square_timing_param

fruiting_node_production_rate_param

f_sq_accum

inc_boll_opening

inc_flowering

inc_f_node

inc_veg_node

n_reduction

total_green_bolls

veg_node_production_rate_param

veg_supply_demand

methods or services:
.calculate_inc_boll_opening

.calculate_inc_first_square

.calculate_inc_f_node

.calculate_inc_flowering

.calculate_inc_veg_node

.update

Economics
attributes or variables:
management_consult_cost_acre

pest_consult_cost_acre

return_on_lint

total_fert_cost

total_irr_cost

total_spray_cost

methods or services:
Event_description
attributes or variables:
event_description

methods or services:
. event_description

Fertilization
attributes or variables:
ammonium_perc

amount

carbon_perc

day_number

depth

distance_from_plant

method

nitrate_perc

organic_n_perc

phosphate_perc

potash_perc

unit_cost_acre

methods or services:
.print_on

.print_on_str

.translate_method

Fruiting_branch
attributes or variables:
nodal_unit
methods or services:
.add_nodal_unit

Fruiting_nodal_unit
attributes or variables:

fruit_present

methods or services:
.abscission

.actual_growth

.develop

.has_fruit
.potential_growth

.set_fruit_present
Fruiting_point
attributes or variables:
abscised

age

age_boll

boll_size

boll_weight_param

burr_present  NOT YET IMPLEMENTED

c_demand

c_to_weight

days_post_anthesis

days_unfed

dry_weight

flowered
fruit_stage

growing

growth_deficit

lint_present NOT YET IMPLEMENTED

n_content

n_demand

oil_content

potential_c_increment

potential_dry_weight

potential_weight_increment

seed_present NOT YET IMPLEMENTED

supply_demand

methods or services:
.abscission

.actual_growth

.develop

.potential_growth

.potential_weight_growth

.set_supply_demand

Gas
attributes or variables:
bTort

Dair

Diff

g

m_alf

m_epsi

n_level

Sink

ThAMin

ThANew

ThAOld

ThATr

ThTot

methods or services:
.move

.reset

Germination  NOT YET IMPLEMENTED

attributes or variables:
methods or services:
Global
attributes or variables:
A

B

Cells

clb_A

CodeG

CodeS 

CodeT 

CodeW 

CWat

dMul1

dMul2

DS

dtOpt

dtMin

dtMx

F

Fc

g_bTwoSided

g_HalfRowSpace

g_hWndMain

g_RowSpace

KXB

MBand

NBP

nCells

nGas

nMat

nNode

nNodeHalf

nSeep

nSol

NSP

nSurf

nX

nXHalf

nY

Par

Period

Pi

Q

Step

Tid

methods or services:
.DateStringToJulian

.JulianToMonthDay

.MonthDayToJulian

.IsLeap

Grid
attributes or variables:
ListNE

MatDep

MatNode

m_BulkDens

m_Clay

m_Depth

m_Grid

m_Neigh

m_Sand

m_Width

m_xLoc

Sc

x

xG

y

yG

methods or services:
.CellarToNodal (x,y)

.NodalToCellar (x,y)

.NodalToGrid (x,y)

Heat
attributes or variables:
Ac

epsi

HCS

m_ThTot

m_Vclay

m_VOrgaM

m_VSind

nLevel

TCSx

TCSxx

TCSz

TCSzz

Tmpr

TmprOld

methods or services:
.Move

.Thermal

Internode
attributes or variables:

c_to_weight

growing

growing_time

initial_length

internode_growth_duration_param

internode_length_param

length

n_content

potential_c_increment

potential_length_increment

potential_length_yesterday

potential_weight_increment

stem_weight_param

sum_grow_temp

methods or services:
.actual_growth

.develop

.potential_growth

.potential_length_growth

.potential_weight_growth

Irrigation
attributes or variables:
amount

day_number

depth

distance

method

solutes

unit_cost_inch

methods or services:
.print_on

.print_on_str

Leaf
attributes or variables:

age

blade_present

c_demand

days_not_exporting

days_to_abscission

dry_weight

growing

growing_time

leaf_growth_duration_param

marked_for_abscission

mean_c_uptake_rate

n_content

n_demand

petiole_present

potential_c_increment

potential_weight_increment

self_sufficient

sum_grow_temp

methods or services:
.abscise

.actual_growth

.determine_self_sufficiency

.develop

.potential_growth

.set_marked_for_abscission

.test_self_sufficiency

Leaf_blade
attributes or variables:
actual_area_increment

area

c_to_weight

dry_weight

initial_area

leaf_area_param

leaf_weight_param

n_content

potential_area_increment

potential_area_yesterday

potential_c_increment

potential_weight_increment

methods or services:
.abscise

.actual_growth

.calculate_dry_weight

.potential_area_growth

.potential_growth

.potential_weight_growth

Lint  NOT YET IMPLEMENTED

attributes or variables:
methods or services:
Main_stem
attributes or variables:
first_square_init

height

number_of_veg_branches

methods or services:

.add_nodal_unit

.develop

Maintenance_respiration
attributes or variables:
maintenance_respiration_rate

methods or services:
.calculate (leaf_wt, n_ratio, plants_per_square_meter, air_temp)

.leaf_maintenance_respiration (leaf_wt, leaf_area, n_ratio, air_temp)

Management
attributes or variables:
current_events

depseed

event_flag

events

irrigation_method

num_cultivations

num_fertilizations

num_irrigations

num_solutes

num_ spray_applications

pivot_size

seasonal_fert

seasonal_irr

methods or services:
.clear_current_events

.discard_events

.print_events

.read_cultivation_event

.read_fertilization_event

.read_irrigation_event

.read_spray_application_event

.sort_events

.update

Management_event
attributes or variables:
day_number

management

material

method

type

unit_cost_acre
unit_cost_inch
methods or services:
.print_on

.print_on_str

.translate_method

Matrix_t
attributes or variables:
methods or services:
N_acquisition
attributes or variables:

n_supply

methods or services:
.calculate

Net_photosynthesis
attributes or variables:

net_photosynthesis

methods or services:
.calculate

.leaf_net_photo(effective_lai_above, age)

Nodal_unit
attributes or variables:

attached_branch

branch_present

d3_number

fruit_dry_weight

internode_c_demand

internode_dry_weight

internode_n_demand

internode_weight_increment

leaf_c_demand

leaf_blade_dry_weight

leaf_n_demand

leaf_present

leaf_weight_abscised

leaf_weight_increment

length

out_number

pm_counter

total_dry_weight

total_fruiting_nodes

total_leaf_area

total_nodes

up_number

methods or services:
.abscission

.actual_growth

.add_fruiting_branch

.add_leaf

.add_nodal_unit

.add_vegetative_branch

.develop

.has_attached_branch

.has_leaf

.potential_growth

.print_out_internode_weights(ofstream)

.set_branch_present

.set_d3_number

.set_fruit_present

.set_leaf_present

.set_numbers

.set_out_number

.set_up_number

Output
attributes or variables:
car_stream

day_num

evapotrans

graph_stream

head_count

nit_stream

output_stream

plt_stream

sum_stream

tab_stream

wtr_stream

methods or services:

.close_files

.output

.print_car_file

.print_graphic_file

.print_headers

.print_nit_file

.print_out

.print_output_file

.print_output_files

.print_plt_file

.print_sum_event

.print_sum_file-header

.print_sum_file-results

.print_tab_file

.print_wtr_file

Output2D
attributes or variables:
m_Act_evap

m_Act_trans

m_Ammonium_nitrogen

m_Conc_old

m_Cont_NO3

m_Cum_act_evap

m_Cum_act_trans

m_Cum_act_evap_slab

m_Cum_NO3_seepage

m_Cum_NO3_uptake

m_Cum_pot_evap

m_Cum_pot_trans

m_Cum_seepage

m_Cum_water_in

m_Cum_water_uptake

m_Denitrification_losses

m_Files

m_fo

m_fstr

m_Leached_nitrogen

m_Manure_nitrogen

m_Nitrate_nitrogen

m_Nitrogen_accumulated

m_Nitrogen_to_plant

m_NO3_init

m_NO3_seepage

m_NO3_uptake

m_nTarget

m_nvL

m_Organic_nitrogen

m_Plant_residue_nitrogen

m_Pot_evap

m_Pot_trans

m_Seepage

m_t1

m_t2

m_t3

m_TargetX

m_TargetY

m_Total_nitrogen

m_Total_nitrogen_init

m_Water_act

m_Water_act_old

m_Water_in

m_Water_init

m_Water_uptake

methods or services:

.Check

.Dump

.flush_buffers

.Loop

.Store

Petiole
attributes or variables:
c_demand

dry_weight

length

n_demand

potential_weight_increment

methods or services:
.abscise

.actual_growth

.potential_growth

Plant
attributes or variables:
aboveground_dry_weight

abscised_boll_dry_weight

abscised_square_dry_weight

age

c_fixed_today

c_pool

c_pool_max

c_supply

c_surplus

current_c_supply

current_n_uptake_required

day_of_first_flower

day_of_first_square

days_since_emergence

development_stage

emergence_day_number

expansion_factor

flist_weight_inc

flower_dry_weight

fruit_dry_weight

fruit_fraction

fruit_n_content

fruit_weight_abscised

fruit_weight_abscised_yesterday

fruit_weight_previously_abscised

ginning_percentage

green_boll_dry_weight

initial_n_pool

internode_c_demand

internode_dry_weight

internode_n_demand

internode_weight_increment

leaf_blade_dry_weight

leaf_c_demand

leaf_n_demand

leaf_weight_abscised

leaf_weight_abscised_yesterday

leaf_weight_increment

mainstem_nodes

mepiquat_chloride_concentration

mepiquat_chloride_content

n_balance

net_co2_flux

n_lost_by_abscission

n_pool

n_supply

n_to_c_ratio

number_of_branches

n_uptake

open_boll_dry_weight

pima

petiole_dry_weight

plant_height

plant_transpire_potential

previous_n_uptake

previous_n_supply_required

previous_n_uptake

square_dry_weight

stem_base_weight_function

sum_actual_photosynthesis

sum_potential_photosynthesis

systemic_chemical_applied

temik_concentration

temik_content

total_abscised_bolls

total_abscised_squares

total_bolls

total_flowers

total_fruiting_nodes

total_green_bolls

total_leaf_area

total_leaf_count

total_nodes

total_n_to_plant

total_open_bolls

total_squares

vegetative_branch_nodes

veg_n_content

veg_n_deficit

veg_n_stress

veg_n_fixed

veg_n_mobile

methods or services:
.abscission

.actual_growth

.actual_photosynthesis

.actual_transpiration

.allocate

.calculate_aboveground_dry_weight

.calculate_expansion_factor

.calculate_fruit_weight_abscised

.calculate_internode_dry_weight

.calculate_leaf_blade_dry_weight

.calculate_leaf_weight_abscised

.calculate_petiole_dry_weight

.check_for_spray_event

.c_limitations

.develop

.fruit_weights_and_numbers

.grow

.grow_daily

.grow_hourly

.is_pima

.leaf_self_sufficiency

.leaf_water_status

.nitrogen_uptake

.n_status

.potential_growth

.potential_photosynthesis

.potential_transpiration

.reset_accumulators

.set_age (age)

.set_first_flower_day

.set_first_square_day

.stomatal_limitations

. systemic_chemical_concentration

.update_quantities

.water_stress

Plant_process
attributes or variables:
methods or services:
.get_environment

Potential_Transpiration
attributes or variables:
potential_transpiration_rate

methods or services:
.potential_transpiration

Real_value
attributes or variables:
value

methods or services:
Root
attributes or variables:
ActTranspRate

ADRL

ALPM

ALPY

AWUP

Cond

CXT

Density

EOR

Index

max_root_depth

m_PSISM

m_WUPMS

PCRS

PDWR

PPDRL

PSISM

PsiSoil

PsiSoilM

PsiWt

RGCF

RootCond

RRRM

RRRY

RtMinWtPerUnitArea

RTWL

RVR

RVRM

Sink

Target

TS

totalwt

W1

Wa

Wb

Weight

Wr

WUPT

xBSTEM

YRL

methods or services:
.Grow

.Sort

Seed  NOT YET IMPLEMENTED

attributes or variables:
methods or services:
Shoot_organ
attributes or variables:
abscised

age

c_demand

developing

development_stage

dry_weight

growing

n_demand

potential_dry_weight

proportion_present

supply_demand

methods or services:
.abscission

.acquire_c

.acquire_n

.actual_growth

.develop

.grow

.n_stress

.potential_growth

.potential_growth_rate

.set_development_stage

.set_supply_demand

.water_limitations

Simulation_controller
attributes or variables:
actual_weather_file

car_file

crop_emerged

cultivar_file

cultivation_file

deep_soil_temperature

econ_file

emergence_day

fertilizer_application_file

first_day_of_simulation

first_pass

future_weather_file

graphic_file

initialize_file

initial_water_content

irrigation_file

just_emerged

last_day_of_simulation

management_flag

nit_file

n_layers

obs_file

out_messages

output_file

plantmap

plt_file

pm_counter

soil_chemistry_file

soil_hydrology_file

spray_application_file

step_size

sum_file

sum_messages

surface_shape_file

tab_file

wrn_file

wtr_file

year

methods or services:
.add_sum_message

.add_out_message

.check_management

.construct_output_files

.map_fruit_node

.map_veg_node

print_out_messages

.print_sum_messages

.reset_management

.run

.update_plantmap

Soil_environment
attributes or variables:
bF

m_deuce

m_gas

m_Grid

m_Heat

m_open

m_Output2D

m_Root

m_SoilNitr

m_Solute

m_Surface

m_Water

TFIN

TINIT

methods or services:
.flush_buffers

.Spit_out

.Synchronizer

.update

SoilNitr
attributes or variables:
CH

CL

CM

CS

Denit

FA

FE

FH

KDO

KHO

KLO

KMO

KNO

ListNode

NH

NL

NM

NNH4

NQ

Om

RL

RO

RM

ThW

methods or services:
.Accept_event

.SetAbio

.Transform

Solute
attributes or variables:
Conc

ConCel

CourMax

DiffCond

Dispxx

Dispxz

Dispzz

DLng

Dmol

DTrn

epsi

Index

lUpW

m_fo

nLevel

Sink

supNO3

VxH

VzH

WeTab

WtConc

methods or services:

.Disper

.flush_and_close

.Move

.Reset

.Tau

.Uptake

.WeFact

Spatial_configuration
attributes or variables:
latitude

plants_per_acre

plants_per_meter

plants_per_square_meter

row_orientation

row_spacing

methods or services:
.calculate_plants_per_square_meter

.calculate_plants_per_acre

Spray_application
attributes or variables:
amount

amount_per_plant

day_number

material

method

unit_cost_acre

methods or services:
.print_on

.print_on_str

Stem
attributes or variables:
fruit_dry_weight

internode_c_demand

internode_dry_weight

internode_n_demand

internode_weight_increment

leaf_c_demand

leaf_blade_dry_weight

leaf_n_demand

leaf_weight_abscised

leaf_weight_increment

length

nodal_dry_weight

nodal_units

petiole_dry_weight

total_dry_weight

total_fruiting_nodes

total_leaf_area

total_leaf_count

total_nodes

vegetative_branch_nodes

weight_on_day(day)

methods or services:
.abscission

.actual_growth

.add_nodal_unit

.develop

.potential_growth

.print_out_internode_weights(ofstream)

Surface
attributes or variables:
ammonium_n_in_solution

Cprec

Distance

Gair

iDist

iDrip

m_Debt

m_Q

m_Rate

m_xL

m_xR

qd

VarBG

VarBS

VarBT

VarBW

methods or services:
.AcceptEvent

.Spread

Taproot
attributes or variables:
c_demand

dry_weight

growing

length

potential_weight_increment

taproot_length

methods or services:
.actual_growth

.potential_growth

Timer
attributes or variables:
date

day_of_year

hour

step_size

steps_per_day

methods or services:
.step

.date_from_day_of_year(day)

Vegetative_branch
attributes or variables:
methods or services:
.add_nodal_unit

Vegetative_nodal_unit
attributes or variables:

branch_present

d3_number

developing

development_stage

leaf_present

out_number

up_number

methods or services:
.develop

.has_attached_branch

.potential_growth

.set_leaf

Water
attributes or variables:
alh1

Cap

Captab

Con

ConOld

ConSat

ConTab

dlh

hCritA

hCritS

hNew

hOld

hSat

hTab

hTab1

hTabN

hTemp

ListE

ListN

ListR

MaxIt

m_bPush

m_Iter

TheTab

ThNew

ThOld

thR

ThSat

TolAbs

TolRel

Vx

VxOld

Vz

VzOld

methods or services:
.FC (x,y)

.FG (x,y)

.FH (x,y)

.FI (x,y)

.FK (x,y)

.FQ (x,y)

.Flow

.IsPushed

Weather_station_environment
attributes or variables:
air_temperature

atmospheric_transmission_coefficient

avg_daily_temp

avg_daytime_temp

avg_nighttime_temp

cloud_pntrtd_rad_factor

d1, d2, etc

daily_max_temp

daily_max_temp_F

daily_min_temp

daily_min_temp_F

day_length

day_number

dd60

humidity_data

humidity_switch

langleys_on(day)

mean_par_above_canopy

name

normalizing_fraction

rainfall

rainfall_in

rainfall_on (day)

rainfall_in_on (day)

saturation_vapor_pressure_at_air_temp(temp)

seasonal_solar_radiation

seasonal_rainfall

slope_of_svpa_on_temp

solar_declination

solar_langleys

solar_on (day)

solar_radiation

solar_radiation_integral

step_temperature

sunrise

sunset

sunset_temp

sunset_temp_yesterday

t_max_on (day)

t_max_temp_F_on (day)

t_min_on (day)

t_min_ temp_F_on (day)

vapor_pressure_deficit

water_vapor_pressure

wind_run

wind_run_mpd

wind_run_on (day)

wind_run_mpd_on (day)

methods or services:
.calculate_day_length

.calculate_dd60

.calculate_radiation_parameters
.calculate_solar_declination
.calculate_temp_parameters
.initialize

.parse_weather

.print_to(a_file)

.update(day)
Notes on equations and logic
Last revised 13 January 2000

In these notes, the equations and logic used in the most significant methods are explained in greater detail.  “Getting” methods that only return a value without performing any calculation are not listed.  Also, methods where the calculation is trivial or obvious are not discussed.   All “setting” methods are listed because they are potentially dangerous.

Allocation


.allocate

Only carbon and nitrogen are allocated at present, but the method is structured so that other nutrient elements can be added easily when data are available.

It is assumed that the plant acts to maintain a functional equilibrium.  Carbon is allocated to the organs responsible for supplying whatever material is deficient.  Roots can be allocated carbon because water or nutrients are deficient.  It is further assumed that roots are able to direct the carbon to reduce the deficit that caused the carbon to be allocated.  In other words, carbon allocated to roots because of water deficit, root_c_supply_for_h2o, is used to grow roots where water is most plentiful, while carbon allocated to roots because of nitrogen deficit, root_c_supply _for_n, is used to grow roots where nitrogen is most plentiful.

The carbon available for growing the plant c_supply, and the nitrogen available for growing the plant n_supply, are obtained from Plant.  As carbon and nitrogen are allocated to the growth of various organs, the amount so used is subtracted from c_supply and n_supply, and is added to c_used, n_used, add_veg_n, or add_fruit_n as appropriate.  The nitrogen used to grow vegetative tissue is added to add_veg_n, and the nitrogen used to grow fruits is added to add_fruit_n
A proportion of the carbon is allocated to roots root_c_supply _for_h2o, to simulate the rapid early growth of roots down the profile.  This proportion starts at 50% and falls steadily to 0% by the time of first square (appearance of first flower bud).  Additional carbon is allocated to root_c_supply _for_h2o if leaf turgor pressure is low and shoot expansion is limited by water-stress.  The amount so allocated is determined by root_growing_time, calculated in Crop_canopy.  Then c_supply is reduced by the amount allocated to roots., and the nitrogen needed to grow these roots h2o_root_n is calculated and subtracted from n_supply 

After that, the priorities for available carbon and nitrogen are: bolls older than 14 days after flowering > bolls between 7 and 14 days after flowering in order oldest to youngest > other fruiting points (squares, flowers and young bolls) + internodes + leaves.  These priorities are implemented as follows:

The demands of the various organs for carbon and nitrogen: fruit_c_demand, fruit_n_demand, etc. are obtained from Plant.

A list of fruiting points in order oldest to youngest f_list, is accessed.  For bolls older than 14  days post anthesis (after flowering), the total carbon demand boll_14_c_demand, and the total nitrogen demand boll_14_n_demand are calculated.  The supply/demand ratio for both carbon c_ratio, and nitrogen n_ratio, are calculated, and the supply/demand ratio supply_demand, is set equal to the lesser of these for each of these bolls. 

Next f_list is accessed again, and the procedure described above is repeated for each individual boll between 7 and 14 days post anthesis in order oldest to youngest.  That is, for each boll, c_ratio, and n_ratio are calculated, and supply_demand is set.
Then c_ratio, n_ratio, and veg_supply_demand are calculated for all the fruiting points less than 7 days after enthesis, the internodes and the leaves.  All these organs compete on an equal footing for resources.

Next taproot_supply_demand for carbon is calculated, and carbon is allocated to grow the taproot.

Any carbon left over at this point is used to bring the shoot carbon pool c_pool up to its maximum capacity c_pool_max.  If any carbon still remains, it is used in one of two ways.  If no nitrogen remains in n_supply, the carbon is allocated to the root as root_c_supply _for_n.  If n_supply is still positive, the carbon is allocated to the root as root_c_supply _for_h2o.  

Since the growth of roots with root_c_supply _for_n still requires nitrogen, the amount needed to grow these roots other_root_n is calculated and subtracted from n_supply , making it negative. The (positive or negative) nitrogen content of n_supply is added to add_veg_n.  Subsequently add_veg_n is added to the shoot nitrogen content veg_n_content in Plant.

Yesterdays_n_to_c_ratio is calculated as the ratio n_used to c_used.  This variable is used in Plant to predict hourly current_n_uptake_required from hourly carbon fixed current_c_supply.

Finally whole plant carbon and nitrogen demands c_demand and n_demand, and supply/demand ratios c_supply_demand and n_supply_demand are calculated for output to guide users.

Instructions are given in comments for amending the code so that all fruits have absolute priority over the vegetative tissues, if this is desired.

Burr  NOT YET IMPLEMENTED

Canopy_environment

.calculate_averages(day_num)


Calculates the average temperatures for the day (i.e. photoperiod) day_temp, the night night_temp, and the whole day (i.e. 24 hours) average_temp.  Temperature is assumed to be at its minimum for the day air_temperature_min at dawn.  Maximum temperature air_temperature_max occurs at tmaxhr, which is an empirical function of maximum temperature and solar radiation integral for the day.  The function is based on weather observations in Mississippi.  Temperature is assumed to follow a sine wave during daylight hours, then to decay exponentially overnight to the minimum temperature for the next day.


.get_net_up_long_radiation


Calculates net upward long-wave radiation from an equation by Long???? that uses an approximation based on air temperature and cloud cover.


.get_solar_radiation


Obtains from Weather_station_environment the solar radiation flux incident on the crop in the middle of the current time step.  If step_size is 24 hours, it obtains solar radiation flux averaged over the whole day. 


.update          

At the start of each day, this method obtains from Weather_station_environment the air temperature in the middle of each time step of the day step_temperature.  These values are stored in a collection called Real_value.  Then, for each time step of the day, the appropriate value is made available as current_temperature.

Cell  2DSOIL FILE


.init


.recast
Conversions

Stores values for rad_per_deg (radians per degree), joules_per_langley, pi, hrs_per_sec, and  psychrometric_constant.


.c_to_f


Converts degrees Celsius to degrees Fahrenheit.


.f_to_c


Converts degrees Fahrenheit to degrees Celsius.


.inches_to_cm


Converts inches to centimeters.


.langleys_to_watts


Converts Langleys to Watts.

CPMCollectable

.set_next


Points to the next item in a CPMCollection.


.set_previous


Points to the next item in a CPMCollection.

CPMCollection

.add (item)


Adds item to end of collection.


.at (index)


Returns pointer to item in collection at index.  NB. Collections are one-based.


.is_empty


Returns 1 if collection is empty.


.remove_at (index)


Removes the item at index.

CPMsolute
Crop_canopy


.abscise_leaves


The leaf_list is used to access the leaves in order oldest to youngest for testing until number_of_leaves_checked is reached.  Each Leaf is instructed in turn to .test_self_sufficiency.  Having done that the Leaf returns the value of the boolean variable self_sufficient.  At the end of the method, number_of_leaves_checked is set equal to the number of leaves that are no longer self_sufficient, plus one, providing there are that many leaves in the canopy.


.actual_photosynthesis


Uses the Ball, Berry, Woodward model to calculate the actual net photosynthesis rate, actual_net_photo from the current stomatal_conductance.


.actual_transpiration


Calculates the rate at which water can be transpired with the current stomatal_conductance, st_lim_transpiration_rate.  The actual_transpiration_rate is set equal to the lesser of the st_lim_transpiration_rate and the (Penman) potential_transpiration_rate.


.calculate_light_interception


An effective leaf area index effective_lai is calculated from leaf_area and the area of soil covered by the crop canopy.  It is assumed that canopy width equals crop height.  Beers law is applied to this canopy to calculate the proportion of light that is intercepted by the canopy beers_law_correction.  The proportion of light intercepted prop_par_intercepted is calculated by multiplying the proportion of soil covered by crop canopy crop_cover by beers_law_correction.  The prop_par_intercepted is a measure of the proportion of soil actually covered by foliage.


.calculate_photosynthetic_param


Calculates the parameters for a photosynthesis equation that has a hyperbolic dependence on both light and carbon dioxide concentration.  These parameters are canopy_light_utilization_efficiency and canopy_co2_conductance.  The equations come from Pachepsky and Reddy, 199??


.calculate_stomatal_conductance


If the potential_water_uptake_rate iis higher than the potential_transpiration_rate, stomatal_conductance is calculated from the net_co2_flux using the Ball, Berry, Woodward, model.  

Calculates stomatal_conductance_h2o, the stomatal conductance that will just permit water to be lost from the canopy at the potential_water_uptake_rate.  The latter is the rate at which water can be extracted from the soil with a water potential of -15 bars at the guard cells, and it is calculated in Soil_environment.  Calculates stomatal_conductance_co2, the stomatal conductance that will just permit the current potential rate of net canopy CO2 exchange to occur.  This calculation uses the Ball, Berry, Woodward model.  Potential net canopy CO2 exchange is gross photosynthesis rate - light respiration rate - maintenance_respiration_rate.  If net canopy CO2 exchange is less than 0.0, it is set equal to 0.0 for this calculation.  The stomatal_conductance is set equal to the lesser of stomatal_conductance_h2o and stomatal_conductance_co2.  


.calculate_water_status


First calculates the apparent plant conductivity to water plant_h2o_cond, then uses that to calculate the water potential at the guard cells guard_cell_h2o_pot just sufficient to extract water from the soil at the actual_transpiration_rate.  The leaf_water_potential is assumed to slowly equilibrate with guard_cell_h2o_pot.  We use a half-life (exponential) relationship to calculate the change leaf_h2o_pot_change that will occur in a given time step.  A proportion osm_adjust of the change in leaf water potential will be taken up by a change in leaf_osmotic_potential.  We currently assume this will account for half of the change.  The rest of leaf_h2o_pot_change manifests itself as a change in leaf_turgor_pressure.   A mechanism for osmoregulation, i.e. long-term adjustment of leaf osmotic potential, has been included in the model, but is currently inoperative.  The values of leaf_water_potential and leaf_osmotic_potential are prevented from rising above -2 bars and -9 bars respectively.  The root_growing_time is calculated from leaf_turgor_pressure.   Shoot expansion stops when leaf turgor pressure falls to, or below, 2 bars, and it is limited below a turgor pressure of 5 bars.  We assume that roots grow full time when leaf_turgor_pressure is at or below 2 bars, with a linear progression to zero growth at 5 bars and above. 


.determine_leaf_self_sufficiency


The leaf_list is used to access the leaves in order oldest to youngest for testing until number_of_leaves_checked is reached.  For each leaf, effective_lai_above is calculated and this information is passed to Leaf as an argument when it is instructed to .determine_self_sufficiency.


.maintenance_respire


Assembles the information needed for Maintenance_respiration to calculate maintenance_respiration_rate.  That is: leaf_dry_weight, the nitrogen status of the shoot veg_n_stress, the number of plants_per_square_meter, and air_temperature.


.photosynthesize


Instructs Crop_canopy to .calculate_photosynthetic_param, and net_photosynthesis to calculate .net_photosynthesis_rate.


.potential_photosynthesis


Instructs Crop_canopy to .calculate_light_interception, to photosynthesize, and to .maintenance_respire.


.set_potential_transpiration



Do we need this????


.senesce_leaves

The area covered by the canopy of a single plant area_lai is calculated.  It is assumed that the canopy is as wide as the plant is tall.  Next leaf_list is accessed, and starting from the last (youngest) leaf and working back down the list  leaf areas are summed into sum_area until sum_area is greater than or equal to area_lai.  At the same time the age and area of each leaf are multiplied together and summed into sum_area_age.  The senescence_factor is calculated from the mean age of these fully-exposed leaves weighted for the area they contribute (= sum_area_age/sum_area ).  The leaves are assumed to start senescing when they are 25 days old.   The senescence_factor is used in Net_photosynthesis to limit photosynthetic activity as the canopy ages.

Cultivar  NOT YET IMPLEMENTED

Cultivation


.cultivation



Stores information about a single cultivation event.

Development

.update

Uses shoot nitrogen content veg_n_stress to calculate a reduction factor n_reduction that is applied to the addition of new nodes and, the appearance of the first square.


.calculate_inc_boll_opening

Calculates the increment of progress to boll opening inc_boll_opening for this time step using the equation from Reddy and Reddy, 1997.


.calculate_inc_dur_i

Calculates the increment of progress to cessation of leaf growth inc_dur_i for this time step using the equation from Reddy and Reddy, 1997.


.calculate_inc_dur_l

Calculates the increment of progress to cessation of leaf growth inc_dur_l for this time step using the equation from Reddy and Reddy, 1997.


.calculate_inc_first_square

Calculates the increment of progress to first square for this time step using the equation from Reddy and Reddy, 1997.  Sums the increments into f_sq_accum, and sets first_square = true when first square is reached.


calculate_inc_f_node

Calculates the increment of progress to addition of the next fruiting nodal unit inc_f_node for this time step using the equation from Reddy and Reddy, 1997.


.calculate_inc_flowering

Calculates the increment of progress to flowering of a fruiting point inc_flowering for this time step using a modified version of the equation from Reddy and Reddy, 1997.


.calculate_inc_veg_node

Calculates the increment of progress to addition of the next vegetative nodal unit inc_veg_node for this time step using the equation from Reddy, 1994 for nodes before first square and the equation of Reddy and Reddy, 1997 for nodes after first square.

Fertilization


.fertilization


Stores information about a single fertilization event: day_number, method of fertilizer application, amount applied, distance_from_plant if banded, depth below soil surface if incorporated, percent nitrate nitrate_perc, percent ammonium ammonium_perc,  percent organic nitrogen organic_n_perc,  percent carbon carbon_perc,  percent phosphate phosphate_perc, percent potash potash_perc.

Fruiting_branch

.add_nodal_unit


Adds a Fruiting_nodal_unit to a stem, adds it the list of fruiting points f_list, and records its location on the plant as up_number, out_number and d3_number.  Ensures that fruiting nodal units do not occupy the first four nodes of vegetative branches.

Fruiting_nodal_unit

.abscission



Instructs the Leaf and Fruit (if present) on this nodal unit to determine if they should be abscised.


.actual_growth



Instructs the Internode, Leaf and Fruit (if present) on this nodal unit to calculate their actual_growth


.develop


Adds to development_stage the increment of progress to addition of the next fruiting nodal unit inc_f_node.  When development_stage equals or exceeds one, a new fruiting nodal unit is added and its development_stage is set equal to hand_off, the amount of excess progress.  For the old fruiting nodal unit, developing is set to false.


.potential_growth



Instructs the Internode, Leaf and Fruit (if present) on this nodal unit to calculate their potential_growth


.set_fruit_present



Enables Fruiting_point to advise Fruiting_nodal_unit when it abscises. 

Fruiting_point

.abscission


If dry_weight/potential_dry_weight is less than one, and the fruiting point is less than 14 days_post_anthesis, the fruiting point is abscised.  The change in fruit_stage is recorded, and c_demand, n_demand and potential_weight_increment are all set to zero.


.actual_growth



Calculates actual dry_weight of the fruiting point.


.develop


Adds to fruit_stage the increment of progress to flowering inc_flowering or to boll opening inc_boll_opening as appropriate.  Records the age of the fruiting point and days_post_anthesis.  Subtracts from fruiting point dry_weight the 30% lost when petals, etc fall after flowering.  When the open boll stage is reached, growing is set to false, and c_demand, n_demand and potential_weight_increment are all set to zero.


.get_c_to_weight


Calculates the weight of carbon required to synthesize unit weight of fruiting point dry matter.  Assumes that fruiting points contain 20% oil and 3.25% nitrogen as protein. 


.potential_growth

The potential change in dry weight of the fruiting point for this period potential_weight_increment is calculated using equations from Reddy and Reddy, 1997 with the parameters in the boll growth equation corrected.  The c_demand, and n_demand are also calculated assuming that fruiting points require 3.25% nitrogen in any new tissue.


.set_supply_demand



Allows Allocation to set the supply/demand ratio supply_demand for the fruiting point.

Gas  2DSOIL FILE


.cGas


.~cGas


.move


.reset
Germination  NOT YET IMPLEMENTED

Global  2DSOIL FILE

Grid  2DSOIL FILE


.CellarToNodal[x,y]


.cGrid


.~cGrid


.NodalToGrid[x,y]
Heat  2DSOIL FILE


.cHeat


.~cHeat


.Move


.Reset


.Thermal
Internode


Each internode is initialized with a length that depends on its location on the plant.


.actual_growth



Obtains veg_supply_demand from Allocation and uses it to increment length and dry_weight.


.develop


Adds to growth_dur_accum the increment of progress to cessation of internode growth inc_dur_i .  When growth_dur_accum equals or exceeds one, growing is set to false.


.potential_growth



Requests the calculation of potential_length_growth if the internode is growing.


.potential_length_growth


The potential change in internode length during this time step potential_length_increment is calculated using equations by Reddy and Reddy, 1997.  


.potential_weight_growth


Internode weight per unit length is a function of the weight the internode must support.  However, in this model it is made a function of the length of stem above it.  This approximation was simpler to program.  Weight per unit length of internode increases linearly with length of stem above the internode, starting from a minimum weight required to make new stem.  This is implemented as follows:  For each internode, the length of stem above it length_above is calculated.  Actually we use length of stem from the base of that internode to avoid problems with the top internode on the stem which has no length above it.  Then internode_potential_weight is calculated from the length of the internode and length_above.  Next internode_potential_weight is subtracted from internode dry_weight to determine potential_weight_increment.  In fact, we are calculating how much dry matter is required to support the length increment that was added in the last time step.  The c_demand and n_demand are calculated assuming that internodes require 2.0% nitrogen in any new tissue.

Irrigation


.irrigation


Stores information about a single irrigation event: day_number, amount applied, distance_from_plant if dripper irrigated, depth below soil surface if the drip line is buried.  Initializes a new CPMsolute object for each significant solute in the irrigation water.

Leaf

.abscise


 
Instructs Leaf_blade to abscise.  Sets leaf_present to false and abscised to true.


.actual_growth


 
Instructs Leaf_blade to determine potential_growth.

.determine_ self_sufficiency


Assembles the necessary arguements and instructs Net_photosynthesis to determine leaf_net_photo, and Maintenance_respiration to determine leaf_maintenance-respiration.  Mean_c_uptake_rate for the day is calculated by summing (leaf_net_photo - leaf_maintenance-respiration) for each time step.  Mean_c_uptake_rate is reset to zero in the method .test_self_sufficiency.


.develop


Adds to growth_dur_accum the increment of progress to cessation of leaf growth inc_dur_l.  When growth_dur_accum equals or exceeds one, growing is set to false.


.potential_growth


Requests potential_growth from the Leaf_blade.


.set_fruiting


Why is this needed?????

.test_ self_sufficiency


Once a day, tests whether the lowest leaves on the plant are self-sufficient.  If mean_c_uptake_rate for the day is negative, the boolean variable self_sufficient is set false and days_not_exporting is incremented.  When days_not_exporting equals 2, the boolean variable marked_for_abscission is set true.  After the leaf has been marked for abscission, days_to_abscission is decremented each day.  When days_to_abscission equals zero, the leaf is abscised.  Each time the method is called, mean_c_uptake_rate is reset to zero, ready for reuse in the method .determine_self_sufficiency.  The value of self_sufficient is returned to the calling object.

Leaf_blade

Each leaf blade is initialized with an area that depends on its location on the plant.


.abscise


Sets c_demand and n_demand equal to zero.


.actual_growth



Obtains veg_supply_demand from Allocation and uses it to increment area and dry_weight.


.calculate_dry_weight (area)

Leaf blade weight per unit area (specific leaf area) is a function of co2_concentration and avg_daily_temp in this equation by Reddy and Reddy, 1997.  Dry weight is calculated for the area supplied in the function argument.


.potential_area_growth


The potential change in leaf blade area during this time step potential_area_increment is calculated using equations by Reddy and Reddy, 1997.  


.potential_growth

Requests the calculation of potential_area_growth and potential_weight_growth if the leaf is growing.  Otherwise sets potential_area_increment and potential_weight_increment to zero.


.potential_weight_growth


Calculates potential_weight_increment from potential_area_increment using the method .calculate_dry_weight.  The c_demand and n_demand are calculated assuming that leaf blades require 3.5% nitrogen in any new tissue.

Lint  NOT YET IMPLEMENTED

Main_stem

.develop


At first square, adds a fruiting_branch to the top nodal unit on the mainstem and adds vegetative_branches to the two nodes below that.


.add_nodal_unit

 
Adds a nodal_unit to a stem, and, if first square has ocurred, adds a fruiting_branch to that nodal_unit.

Maintenance_respiration

.calculate (leaf_wt, n_ratio, plants_per_square_meter, air_temp)


Using the arguments, calculates maintenance_respiration for the crop canopy.


.leaf_maintenance_respiration (leaf_wt, leaf_area, n_ratio, air_temp)


Using the arguments, calculates maintenance_respiration for a single leaf.

Management


At initialization reads the fertilizer_application_file, the irrigation_file and the cultivation_file.  Calls .read_cultivation_event, .read_fertilization_event or .read_irrigation_event as appropriate.  Reads the number of fertilization events num_fertilizations, irrigation_method, number of irrigation events num_irrigations, the number of significant solutes in the irrigation water num_solutes, and number of cultivation events num_cultivations.  Calls .sort_events.


.read_cultivation_event


Creates a new Cultivation object for each cultivation event and adds the event to the collection of Management_event objects.


.read_fertilization_event


Creates a new Fertilizer objects for each cultivation event and adds the event to the collection of Management_event objects.


.read_irrigation_event


Creates a new Irrigation objects for each cultivation event and adds the event to the collection of Management_event objects.


.sort_events



Uses a bubbble sorting routine to sort the Management_events into date order.


.update


Tests to see if the date of the next Management_event has been reached.  If it has, the event_flag is set true, and current is set equal to that management event.

Management_event


.management_event



?????
Matrix_t  2DSOIL FILE

N_acquisition

.calculate



Is this used now ?????

Net_photosynthesis

.calculate

The values for canopy_light_utilization_efficiency and canopy_co2_conductance are retrieved from Crop_canopy  and are used to calculate gross_photosynthesis with an equation that has a hyperbolic dependence on both light (= solar_radiation/2) and co2_concentration.

Two reduction factors are compared: n_reduction_factor based on veg_n_stress and senescence_factor calculated in Crop_canopy.  The reduction_factor is set equal to the lesser of these and is used to reduce gross_photosynthesis.  The light_respiration is calculated from air_temperature and subtracted from gross_photosynthesis to give net_photo.


.leaf_net_photo
This method is almost identical to .calculate except that it calculates net photosynthesis for leaves at or near the bottom of the canopy.  The age of the leaf and effective_lai_above the leaf are passed to the method as arguements.  Using these, par_on_leaf, mean_par_on_leaf, leaf_co2_conductance, senescence_factor and net_photo are calculated for the leaf that called the method.

Nodal_unit


many of the getting methods in Nodal_unit are declared virtual and are overridden by the same functions in Vegetative_nodal_unit or Fruiting_nodal_unit, according to which type of nodal unit is being addressed.


.abscission



Instructs any attached_branch to determine if any organs on it need to be abscised.


.actual_growth



Instructs the Internode and Leaf (if present), and any attached_branch to calculate their actual_growth.


.develop


Instructs the Internode and Leaf (if present) to develop.


.potential_growth

Instructs the Internode and Leaf (if present), and any attached_branch to calculate their potential_growth.


.set_branch_present



NOT USED.  WE DO NOT ABSCISE BRANCHES. 


.set_fruit_present



Enables Fruiting_point to advise Nodal_unit when the fruit is abscised 


.set_leaf_present



Enables Leaf to advise Nodal_unit when the leaf is abscised 


.set_numbers, .set_(one)_number


 NOT USED AS FAR AS I CAN TELL.  Sets the locations numbers: up_number, out_number, and d3_number for the nodal unit.

Output

.print_graphic_file



Assembles data for graphing in GUICS.


.print_out



Prints the (tabular) output_file and the graphic_file.


.print_output_file


Assembles data for output in tabular form.


.set_graph_stream



???


.set_output_stream



???

Output2D  2DSOIL FILE


.check


.cOutput2D


.~cOutput2D


.Dump


.Loop


.Store
Petiole  NOT YET IMPLEMENTED


.potential_growth


.actual_growth


.abscission
Plant

The attributes of the emerged cotton seedlings were calculated as follows:

For Gossypium hirsutum cultivars:

Typical seed weight = 0.09g

Cotyledon area at emergence = 9 cm2
Specific leaf area at temperatures prevailing in early season = 0.008 g cm-2
Cotyledon weight at emergence = 0.072 g

At 3.5% N content for leaves, cotyledon N  content at emergence = 0.072/100*3.5 = 0.0025 g

Total N content of seed at 4.5% N = 0.09/100*4.5 = 0.00405 g

Maximum possible starting carbon pool = (0.09 - 0.072)/2 = 0.009 g

Starting carbon pool = say, 0.0 g allowing for seedcoat loss and root growth

Starting nitrogen pool = 0.00405 - 0.0025 = 0.00155 g

For Gossypium pima cultivars:

Typical seed weight = 0.134g

Cotyledon area at emergence = 9 cm2

Specific leaf area at temperatures prevailing in early season = 0.008 g cm-2

Cotyledon weight at emergence = 0.072 g

At 3.5% N content for leaves, cotyledon N  content at emergence = 0.072/100*3.5 = 0.0025 g

Total N content of seed at 4.5% N = 0.134/100*4.5 = 0.00603 g

Maximum possible starting carbon pool = (0.134 - 0.072)/2 = 0.031 g

Starting carbon pool = say, 0.02 g allowing for seedcoat loss and root growth

Starting nitrogen pool = 0.00603 - 0.0025 = 0.00353g


.abscission

Instructs Main_stem to determine if any organs must be abscised.  This message traverses the whole plant from this point to make the determination for all organs.  Also instructs Taproot to calculate .actual_growth.
.actual_growth

Instructs Main_stem to calculate .actual_growth.  This message traverses the whole plant from this point to make the calculation for all organs.  Also instructs Crop_canopy to determine if it must .abscise_leaves.


.actual_photosynthesis


Instructs Crop_canopy to calculate .actual_photosynthesis.


.actual_transpiration


Instructs Crop_canopy to calculate .actual_transpiration.


.allocate


Instructs Allocation to .allocate, resets c_supply to zero and adds add_c_pool to c_pool.


.calculate_expansion_factor


The expansion_factor is the proportion of the day for which the shoot grows.


.calculate_fruit_dry_weight

Instructs Main_stem to .get_fruit_dry_weight.  This message traverses the whole plant from this point to get the dry weight of all fruits on the plant.


.calculate_internode_dry_weight

Instructs Main_stem to .get_internode_dry_weight.  This message traverses the whole plant from this point to get the dry weight of all internodes on the plant.


.calculate_leaf_dry_weight

Instructs Main_stem to .get_leaf_dry_weight.  This message traverses the whole plant from this point to get the dry weight of all leaves on the plant.

.c_limitations

The actual net photosynthetic rate actual_net_photo is converted to carbon_fixed per plant per step.  Sixty-five% of the carbon_fixed is translocated out of the leaves in c_supply and 35% is added to the shoot carbon pool c_pool.  Simultaneously 12.5% of c_pool is mobilized and added to c_supply each hour.  This simulates the increase in c_pool (starch in leaves ) during the day and the decrease at night.  The maximum size of the shoot carbon pool c_pool_max is 30% of the total weight of leaves on the plant.  When actual_net_photo is negative, it is added to the carbon mobilized from c_pool.  If the net result is still negative, c_supply is set equal to zero. 


.develop

Instructs Development to .update, i.e. calculate the increments of development for this time step, and instructs Main_stem to .develop.  This message traverses the whole plant from this point to develop all organs.


.get_flist_weight_inc


Traverses the fruit_list to determine the potential change in dry weight of all friuits on the plant.


.get_yield

Calculates yield from open_boll_dry_weight, ginning_ percentage and plants_per_square_meter, assuming that each bale contains 480 lbs.


.grow

Keeps track of plant age.  Each time step, calls: .potential_transpiration, .potential_photosynthesis, .stomatal_limitations, .actual_transpiration, .actual_photosynthesis, .c_limitations, .leaf_water_status, and .update_n.  Once each day at midnight, calls: .develop, .calculate_expansion_factor, .potential_growth, .n_acquire, .allocate, .actual_growth, .abscission, .update_quantities, and .reset_accumulators.  Instructs Crop_canopy to .senesce_leaves and .reset_parameters.  

.leaf_ self_sufficiency


Instructs Crop_canopy to determine_leaf_self_sufficiency.


.leaf_water_status


Instructs Crop_canopy to .calculate_water_status.


.nitrogen_uptake

Each time step, adds nitrate nitrogen uptake by the roots nitrate to n_uptake, the daily accumulator, and recalculates n_balance for the plant.  At the first time step in each day, n_balance is calculated from n_pool -  veg_n_deficit.  At other steps, n_balance is updated by adding nitrate and subtracting previous_n_supply_required.  Current_n_uptake_required is calculated from current_c_supply using the n_to_c_ratio calculated in Allocation the previous day, and the current n_balance.   Sets n_supply equal to n_uptake plus n_pool. 


.n_status

Called once each day after Allocation.  Retrieves add_veg_n from Allocation and adds to it the 60% of nitrogen recovered from abscised fruiting_points, and subtracts from it the 40% of nitrogen lost in abscised leaves.  This veg_n_content is first used to top up the shoot nitrogen content veg_n_content to the maximum desired amount veg_n_max.  Calculates veg_n_stress as the ratio of veg_n_content /veg_n_max and limits it to a value between 0 and 1.   Also calculates n-pool and veg_n_deficit.


.potential_growth

Instructs Main_stem to calculate .potential_growth.  This message traverses the whole plant from this point to make the calculation for all organs.


.potential_photosynthesis


.potential_transpiration


Instructs Crop_canopy to calculate potential_transpiration.  Calls .water_stress.


.reset_accumulators


Resets the accumulators c_surplus, c_supply and n_uptake to zero.


.stomatal_limitations


Instructs Crop_canopy to .calculate_stomatal_conductance. 


.update_quantities


Calculates the current dry weights of all organs on the shoot.


.water_stress


Converts potential_transpiration_rate from g H2O/m^2 crop/hr to cm/day for use in 2DSOIL.

Potential_Transpiration

.get​_potential_transpiration_rate



Uses the Penman equation.

Real_value

Root  2DSOIL FILE


.cRoot


.Grow



Fibrous roots are assumed to require 2.0% nitrogen in any new tissue.


.Sort

Seed  NOT YET IMPLEMENTED

Shoot_organ


Most methods in this object are virtual and are overridden in the subclasses.


.set_development_stage  COULD THIS BE PUT IN NODAL_UNIT???

Enables Fruiting_nodal_unit and Vegetative_nodal_unit to set the development_stage in each new Nodal_unit they instanciate.


.set_supply_demand


Enables Allocation to advise each Shoot_organ of the supply/demand ratio supply_demand that determines its actual growth.

Simulation_controller

In addition to controlling the simulation, this object acts as a clearing house for passing data between the shoot model and the soil/root model.  Units are changed as required by the different parts of the model.  Two soil/root models are included in the code: Soilgen and 2DSOIL.  Soilgen is Yakov Pachepsky’s version of the nutrient bucket model.  The two models require differnt units.


.check_management

If management_flag is set true, indicating that a Management_event occurs today, determine its type and set a pointer to the Cultivation, Irrigation or Fertilization object as appropriate.


.get_available_carbon

The carbon supply to the root during this step root_c_supply is retrieved from Allocation, and the units are converted from g C/plant/day to g C/cm^2/step.


.get_carbon_per_plant

The carbon supply to the root during this step root_c_supply is retrieved from Allocation, and the units are converted from g C/plant/day to g C/plant/step.


.get_daily_root_carbon

The carbon supply to the root during this step root_c_supply is retrieved from Allocation, and the units are converted from g C/plant/day to g C/cm^2/day.


.get_nitrate

Nitrate nitrogen taken up from the soil supNO3 is retrieved from Soil_environment and converted from units of g N/half soil slab/step to g N/plant/step.  A soil slab is a one cm thick slice of the soil profile at right angles to the crop row.


.get_potential_water_uptake_rate

Potential water uptake from the soil with a water potential of -15 bars at the guard cells pot_h2o_up_half_slab is retrieved from Soil_environment and converted from units of g H2O/half soil slab/day to g H2O/m^2 crop/hr.  A soil slab is a one cm thick slice of the soil profile at right angles to the crop row.


.initialize

Opens the scenario file and reads the names of the input and output files to be used.  Reads the initialize_file.  Instanciates various objects needed to simulate the emerged plant.  


.reset_management

Set the management_flag to false, and set the pointers to the Cultivation, Irrigation and Fertilization objects all to zero.


.run

Opens the output files.  Runs the simulator for each timer step until the last_day_of_simulation.  Uses day_tester to determine if a new day has begun.  If it has, it calls .check_management and sets day_tester false.  Instructs Weather_station_environment to .update, Soil_environment to .update, Plant to .grow, and Output to .print_out.  Sets first_pass to false.  If the end of the day has been reached , sets day_tester to true.  After the run is complete, closes the output files.

Soil_environment

This object contains the complete code of Soilgen, Yakov Pachepsky’s version of the nutrient bucket model.  It was used to develop the shoot model while 2DSOIL was being translated into C++.  When 2DSOIL is in use, this object passes data between Simulation_controller and the objects in 2DSOIL.


.bio_trans


Calculates the release of nitrogen from the breakdown of organic matter.


.initialize


Sets initial conditions for the start of the simulation.


.locate[x,y,z]


??????


.output


Collates results for output.


.root_growth


Grows the root.


.root_water_uptake


Calculates root water uptake.


.set_results_stream 


???


.set_surface  RENAME  THIS IS NOT A REAL SETTING METHOD


Calculates water evaporation from the soil surface.


.solute_mover


Calculates solute (nitrate nitrogen) fluxes between layers.


.solute_uptake


Calculates root solute uptake.


.synchronizer


Synchronizes the time steps of the various layers.


.Tabintrp[x,y,z,a]


Method for linear interpolation in a table of values.


.update      


Controls the operation of Soilgen, calling the methods: .water_mover, .solute_mover, .set_surface, .root_water_uptake, .solute_uptake, .root_growth, .bio_trans, .output, and .synchronizer.

 
.water_mover

Calculates water fluxes between layers.

SoilNitr  2DSOIL FILE


.Accept


.cSoilNitr


.~cSoilNitr


.SetAbio[6x]


.Transform
Solute  2DSOIL FILE


.cSolute


.~cSolute


.Disper


.Move


.Reset


.Tau


.Uptake


.WeFact
Spatial_configuration

This object stores the values of: latitude, row_orientation, row_spacing, and plants_per_meter


.calculate_plants_per_square_meter

Stem

.abscission


Instructs each Nodal_unit in turn up the stem, to determine if organs must be abscised.


.actual_growth


Instructs each Nodal_unit in turn up the stem, to calculate .actual_growth.


.develop


Sends the message .develop to each Nodal_unit in turn up the stem.


.get_(variable name)


Sends the message .get_(variable name) to each Nodal_unit in turn up the stem.


.potential_growth


Instructs each Nodal_unit in turn up the stem, to calculate .potential_growth.

Surface  2DSOIL FILE


.cSurface


.~cSurface


.Spread

Taproot

.actual_growth

 Retrieves tap_root_c from Allocation and adds it to dry_weight.  Taproot is assumed to require no nitrogen since it is primarily storage tissue.

Timer

.date_from_day_of_year


Calls CPMDate to calculate date from day_of_year.


[.day_of_year_from_date]

.set_hour


???


.step


Keeps track of time of day hour and determines whan a new day starts.

Vegetative_branch

.add_nodal_unit

Adds a Vegetative_nodal_unit to a stem, and records its location on the plant as up_number, out_number and d3_number.  A Fruiting_branch is added to each nodal_unit after the fourth on the vegetative branches.

Vegetative_nodal_unit

.actual_growth


Instructs the Internode, and Leaf (if present) on this nodal unit to calculate their actual_growth.  If there is a branch attached to this nodal unit, the same message is sent to that branch.


.develop


Adds to development_stage the increment of progress to addition of the next vegetative nodal unit inc_veg_node.  When development_stage equals or exceeds one, a new Vegetative_nodal_unit is added and its development_stage is set equal to hand_off, the amount of excess progress.  For the old Vegetative_nodal_unit, developing is set to false.  If there is a branch attached to this nodal unit, the message .develop is sent to that branch.


.potential_growth


Instructs the nodal unit to calculate its potential_growth.  If there is a branch attached to this nodal unit, the same message is sent to that branch.


.set_leaf


Which object uses this??????? 

Water  2DSOIL FILE

.cWater


.~cWater


.FC[x,y]


.FH[x,y]


.FK[x,y]


.FQ[x,y]


.Flow


.Reset[x]


.SetMat[x,y]


.Veloc
Weather_station_environment

.calculate_day_length


Calculates day_length using an equation from ?????????


.calculate_radiation_parameters


Calculates parameters used several times in other methods concerned with radiation.


.calculate_solar_declination


Calculates solar_declination using an algorithm by ?????


.calculate_temp_parameters


Calculates  parameters used several times in other methods concerned with temperature.


.get_air_temperature(time_of_day)


Calculates air temperature at time_of_day.


.get_saturation_vapor_pressure_at_air_temperature

Calculates saturation_vapor_pressure_at_air_temperature for the middle of the curent time step using Teten’s equation, and air temperature for the middle of the curent time step step_temperature.


.get_slope_of_svpa_on_temp

Calculates the slope of the relationship between saturation vapor pressure and air temperature at the current step_temperature.  Does this by using Teten’s equation to calculate saturation vapor pressure at step_temperature+1, and subtracting saturation_vapor_pressure_at_air_temperature.


.get_solar_radiation(time_of_day)


During daylight hours, calculates solar_radiation incident on the crop at time_of_day.


.get_step_temperature(time_of_day)

Calculates air temperature for the middle of the time step following time_of_day.  Does this by invoking the method .get_air_temperature.


.get_vapor_pressure_deficit

Calculates vapor_pressure_deficit as the difference between saturation_vapor_pressure_at_air_temperature and water_vapor_pressure.


.get_water_vapor_pressure

Calculates water_vapor_pressure using Teten’s equation, and minimum air temperature for the day t_min.  This assumes that the minimum temperature for the day is also the dew point for the whole day.  This the best assumption we can make in the absence of data on humidity, but it will almost certainly not be true for desert areas. 


.initialize_from (weather_file)


Initializes the object and reads the named weather_file. 


.print_to(file)


Prints the weather_file in use.


.update(day) 

Invokes the methods: .calculate_solar_declination, .calculate_day_length, .calculate_temp_parameters, and .calculate_radiation_parameters.
Contents of the Input and Output Files

The files and their contents have been chosen to meet the following criteria:


Except for management files and the warning file, no file is read or assembled by more 



than one object. The rationale is that changes to an object may necessitate changes 



to one or more file(s), but should not necessitate changes to another object.  This 



might happen if a changed file was read by more than one object.


The variables are grouped in files according to the source of the data.  



For instance the soil chemistry file data come from annual soil analyses, while 

the soil hydrology data come from a soil physics lab or an NRCS database.

Single quotes are used in the data files to denote character strings. These single quotes are not visible when the data are viewed in GUICS. These single quotes MUST NOT be entered when the data files are edited in GUICS.

The number of separator spaces in data files is arbitrary.

Most of the input and output files are in English units, in keeping with the development of this model as a management tool for producers.  Notable exceptions to this are the soil hydrology file (*.hyd), which producers are not expected to ever edit, and some detailed output files provided for scientists: plant file (*.plt), carbon file (*.car), nitrogen file (*.nit) and water file (*.wtr).

List of input and output files, and the objects that read or assemble them
Input file




Read by
Scenario file (.dat)

  

Simulation_controller

Actual weather (.act)



Weather_station_environment

Future weather (.fut)



Weather_station_environment

Initialization (.ini)



Simulation_controller

Soil chemistry (.chm)



Grid

Soil hydrology (.hyd)



Grid

Cultivar (.cv)




Cultivar

Fertilizer application (.fer)


Management, Fertilization and SoilNitr

Spray application (.spr)



Plant

Irrigation (.irr)




Management, Irrigation and Surface

Cultivation (.clt)




Management, Cultivation and ?

Surface shape (.ssh)



Grid

Economics (.eco)



Economics

Observations (.obs)
must come last

GUICS

Output file




Assembled by
Graph output (.g01)



Output

Table output (.tab)



Output 

Report output (.out)



Output

Summary output (.sum)



Output 

Plant output (.plt)



Output

Hydrologic output (.wtr)



Output 

Carbon balance output (.car)


Output 

Nitrogen balance output (.nit)


Output 

Warnings (.wrn)



Plant, Surface, SoilNitr, 

Z (soil output) files



Output2d 

INPUT FILES 

Contents of scenario file (run.dat)
One file name on each line:

Actual weather file up to current day of year (.act)

Future weather file (.fut)

Initialize file (.ini)

Soil chemistry file (.chm)

Soil hydrology file (.hyd)

Cultivar file (.cv)

Fertilizer application file (.fer)

Spray application file (.spr)

Irrigation file (.irr)

Cultivation file (.clt)

Surface shape file (.ssh)

Economics (.eco)

Observations file (.obs)

Graphic output file (.g01)

Report output file (.out)

Summary output file (.sum)

Tabular output file (.tab)

Contents of daily weather files (.act and .fut)
First line:
Type of humidity data



Character string: one of the following


no_data

dew_point

relative_humidity

wet_and_dry_bulb

On each subsequent line:
Day number




Integer
range:1-366

Date





Character string 'MM/DD'

Solar radiation integral



Double
range:0-999 Langley day-1
Maximum air temperature


Double
range:0-999 oF

Minimum air temperature


Double
range:0-999 oF

Rainfall





Double
range:0-99 inches day-1
Wind run




Double
range:0-9999 miles day-1
Wet bulb temperature



Double
range:0-99 oF

Dry bulb temperature



Double
range:0-99 oF

Dewpoint temperature



Double
range:0-99 oF

Relative humidity



Double
range:0-100 %

Note:  For any of the types of humidity data that are not available, insert a column of zeros.  

Wet bulb data alone are meaningless, and humidity_switch should be set to NoData.

Example:
Wet&dry_bulb

1  '01/01'  367  46  35  0.25  89  34  38  0  0

2  '01/02'   452  49  37  0  74  36  39  0  0

Contents of hourly weather files (.act and .fut)  NOT YET IMPLEMENTED

First line:
Type of humidity data



Character string: one of the following


NoData

Dewpoint

R.h.

Wet&dry_bulb

On each subsequent line:

Day number




Integer
range:1-366

Date





Character string ‘MM/DD’
Time of day




Integer
range:0-24

Solar radiation integral



Double
range:0-999 Langley hr-1
Air temperature




Double
range:0-99 oF

Rainfall





Double
range:0-99 inches hr-1
Wind run




Double
range:0-9999 miles hr-1
Wet bulb temperature



Double
range:0-99 oF

Dewpoint temperature



Double
range:0-99 oF

Relative humidity



Double
range:0-100 %

Note: For any of the types of humidity data that are not available, insert a column of zeros.

Wet bulb data alone are meaningless, and humidity_switch should be set to NoData.

Example:
Dewpoint

1  '01/01'  8  67  35  0.25  89  0  34   0

1  '01/01'  9  152  37  0  74  0  35  0

Contents of initialize file (.ini)
One line:

Year





Integer
range:0001-9999

Row spacing




Double
range:0-99 in

Plants per foot




Double
range:1-99 ft-1
Row orientation  eastward from north

Double
range:0-360 degree

Seed depth




Double
range:0-9 in

Latitude





Double
range:0-90 degree

Carbon dioxide concentration


Double
range:0-9999 ppm

Deep soil temperature



Double
range:0-99 oF

First day of simulation



Character string ‘MM/DD’
Emergence day




Character string ‘MM/DD’
Last day of simulation



Character string ‘MM/DD’
Step size 




Double
range:0-24 hours

Number of layers



Integer
range : 0-9

Number of soil layers for which initial water content is known.

On each subsequent line:
Depth to base of layer



Double
range:0-99 in

Initial water content



Double
range:0-1 cm3 cm-3
Note: Most of the data in the Initilization file are attributes of the Simulation_controller.  Other data are passed to the appropriate objects as arguments when the objects are initialized, or are retrieved from Simulation_controller with getting methods.  

Initial water content is limited to the range corresponding to -0.3 bars and -15 bars soil water potential.  Water contents outside that range cause a warning, and they are adjusted to the upper or lower limits as appropriate.  Soil below the lowest depth for which initial water contents are know is assumed to be at field capacity.

Example:
1996  40  3  45  2  34  370  25  '04/10'  '05/01'  '10/31'  1.0  2

24  0.3

48  0.4

Contents of soil chemistry file (.chm)
First line:
Number of layers sampled


Double
range:0-99

On one line for each layer sampled:

Sampling depth




Double
range:0-99 in

Residual nitrate




Double
range:0-99 lbs N acre-1
Residual ammonium



Double
range:0-99 lbs N acre-1
Organic matter




Double
range:0-100 %

Example:
2

15  30  0  0.5

25  30  0  0.1

Contents of soil hydrology file (.hyd)

First line:
Number of soil horizons



Double
range:0-99

On one line for each horizon:

Depth to base of horizon


Double
range:0-99 cm

Bulk density




Double
range:0-9 g cm-3
Sand





Double
range:0-100 %

Clay





Double
range:0-100 %

Van Genuchten soil model parameters:

Par1 - Par9




Double
range:0-100 various

Note:  van Genuchten, Brooks and Corey, Marani and others have proposed models that describe the shape of the soil water release curve (pF curve), i.e.  soil water content v. water potential.  We need at least three points on the curve, or the parameters of one of the models that describe it.  The van Genuchten parameters are: rsamnskkThe first six describe the pF curve, and the last three describe the relationship between soil water content and hydraulic conductivity.  The soil hydrology file is the only file containing metric units.

Example:
3

14  1.3 40  30  0.02  0.45  0.02  0.45  0.017  1.2  10  10  35

26  1.3  40  35  0.02  0.45  0.02  0.45  0.017  1.2  10  10  35

201  1.3  40  50  0.02  0.45  0.02  0.45  0.017  1.2  10  10  35

Contents of cultivar file (.cv)
See section on Cultivar Characteristics for detailed explanation

One parameter on each line:

Is_pima (used by Plant) 





Bool
true or false

Veg node production rate (used by Development)

Double
near 1.0

Internode growth duration param (used by Internode) 

Double
near 77.0

Internode length param (used by Internode) 


Double
near 0.5

Stem weight param (used by Internode) 



Double
near 1.0

Leaf growth duration param (used by Leaf) 


Double
near 331.0

Leaf area param(used by Leaf_blade) 



Double
near 0.015

Leaf weight param(used by Leaf_blade) 



Double
near 1.0

First square timing param (used by Development) 

Double
near 1.0

Fruiting node production rate (used by Development) 

Double
near 0.4

Photo maximum param(used by Crop_canopy)


Double
near 1.0

Boll weight param (used by Fruiting_point) 


Double near 0.4

NOTE:  The model can accept several management events on the same day, but they must not be of the same type.  That is, one fertilization and one irrigation event on the same day will be interpreted correctly, but if there are two irrigation events on the same day, one will be ignored.

Contents of fertilizer application files (.fer)
First line:
Number of fertilizations  


Integer
range:0-99

On each subsequent line:
Date of application



Character string  'MM/DD'

Application method



Char
single character in single quotes








‘B’ = broadcast/unincorporated








‘R’ = broadcast/incorporated








‘N’ = surface banded








‘I’ = injected (subsurface band)








‘K’ = knifed (subsurface band)

Amount of fertilizer applied


Double
range:0-999 lbs fertilizer acre-1
Distance of fertilizer from plant


Double
range:0-99 in

Depth of incorporation



Double
range:0-99 in

Nitrate (NO3) nitrogen



Double
range:0-100 % N

Ammonium (NH4) nitrogen


Double
range:0-100 % N

Organic nitrogen



Double
range:0-100 % N

Carbon





Double
range:0-100 % C

Phosphate (P2O5)



Double
range:0-100 % P2O5
Potash (K2O)




Double
range:0-100 % K2O

Cost of fertilizer application


Double
range:0-999 $ acre-1
Note: For broadcast, columns 4 and 5 will be zero, and for broadcast/incorporated, column 4 will be zero.  The % N in urea should be entered as ammonium_n_perc, because it converts rapidly to ammonium.  Organic_n_perc should be reserved for recording the N content of manure.

Example:
1

‘07/23’   ‘B’  100  0  0  50  50  0  0  0  0  5.37

Contents of spray application files (.spr)
First line:
Number of spray applications  


Integer
range:0-99


On each subsequent line:
Date of application



Character string  'MM/DD'

Code of method




Char
single character in single quotes








‘B’ = broadcast spray








‘N’ = banded spray

Code of material



Char
single character in single quotes








‘M’ = mepiquat chloride








‘D’ = defoliant








‘T’ = Temik

Amount





Double
range:0-9 oz a.i. acre-1
Cost of spray application


Double
range:0-999 $ acre-1
Note: 1 pint per acre of 4.2% Mepiquat chloride = 0.7 oz a.i. per acre.

Example:
1

‘07/23’ ‘B’  ‘M’  10  3.94

Contents of irrigation files (.irr)
First line:
Irrigation method



Character string: one of the following








Sprinkler









Flood









Furrow









Dripper

Number of irrigations


Integer
range:0-999

Number of solutes (only two at present)
Integer
range:0-2

On each subsequent line:
Application date




Character string  'MM/DD'

Amount





Double
range:0-2 in

Distance from plant



Double
range:0-99 in

Depth below surface



Double
range:0-99 in

Concentration of ammonium


Double
range:0-9 g N cm-3
Concentration of nitrate



Double
range:0-9 g N cm-3
etc. for other solutes in future
Cost of irrigation application


Double
range:0-999 $ in-1
Notes: For sprinkler and flood irrigations, columns 3 and 4 will be zero.

For furrow irrigation, distance from plant means distance from plant to edge of furrow.  CPM assumes that the furrow is centered between the rows of plants.  It is not necessary to have furrows represented in the surface shape file in order to use furrow irrigation.

Only two solutes are recognized at present.  It is assumed that ammonium is only ever applied by buried drippers and that it is immobilized on the clay particles near the drippers.

Example:
Sprinkler 2  1

‘07/13’  1  0  0  0.001  0  2.51 

‘07/23’  1  0  0  0  0.005  2.51

Contents of cultivation file (.clt)
NOT YET IMPLEMENTED

First line:
Number of cultivations



Integer
range:1-9

Next line:
Date of cultivation



Character string  'MM/DD'

Method





Single character in single quotes








‘S’ = surface-shaping








‘H’ = hoeing, 

Choice of surface-shaping prompts Grid to reconfigure the grid for 2DSOIL

If hoeing is chosen, the next line is:
Hoe distance




Double
range:0-99 in

Hoe depth




Double
range:0-99 in

Example:
1

‘07/23’  ‘H’ 

6  2

Contents of surface shape file (.ssh)

Interrows simulated



Integer range:1-2

Furrow depth 




Double
range:0-99 in

Mean furrow width



Double
range:0-99 in

Ridge height




Double
range:0-99 in

Mean ridge width



Double
range:0-99 in

Minimum thickness of layers in CPM

Double
range:0-99 in

Maximum width of columns in CPM

Double
range:0-99 in

Notes: "Interrows simulated" controls whether the model simulates processes in a soil profile extending from the plant to the mid-row (1), or from mid-row to mid-row with the plant in the middle (2).  The former runs faster but assumes that all management operations are symmetrical about the row.  The latter is needed for alternate row applications of water, fertilizer, etc. or where fertilizer is placed to one side of the plant. 

 Furrow depth and ridge height are measured from the flat surface between them.  Land that is formed like saw-teeth, i.e. no flat surface between ridges and furrows, can be represented either as having ridges only measured from the bottom of the furrows, or as having furrows only measured from the top of the ridges.

It is not necessary to have furrows represented in the surface shape file in order to use furrow irrigation.

Example:
1  4  6  0  0  3   2

Contents of economics file (.eco)

Cost of pest consultant 



Double
range:0-99 $ acre-1 year-1
Cost of management consultant


Double
range:0-99 $ acre-1 year-1
Return on lint




Double
range:0-99 $ lb-1 lint

Example:
10  6  0.6

Contents of observations file (.obs)


NOTE:  This file is in English units so that it can be plotted with the graphic output

First line:
Number of observations  


Integer
range:0-99


On each subsequent line:
Day of observation



Integer
range:1-366

Mean number of mainstem nodes

Double  range:1-99

standard deviation of same

Double  range:0-9

number of replicates of same

Integer  range:0-99

Mean number of squares


Double  range:0-99

standard deviation of same

Double  range:0-9

number of replicates of same

Integer  range:0-99

Mean number of green bolls


Double  range:0-99

standard deviation of same

Double  range:0-9

number of replicates of same

Integer  range:0-99

Mean number of open bolls


Double  range:0-99

standard deviation of same

Double  range:0-9

number of replicates of same

Integer  range:0-99

Mean total number of bolls


Double  range:0-99

standard deviation of same

Double  range:0-9

number of replicates of same

Integer  range:0-99

Mean height




Double  range:0-999 inches

standard deviation of same

Double  range:0-99 inches

number of replicates of same

Integer  range:0-99

Mean leaf area




Double  range:0-9999 inches2
standard deviation of same

Double  range:0-99 inches2
number of replicates of same

Integer  range:0-99

Mean leaf dry weight



Double  range:0-9 oz

standard deviation of same

Double  range:0-9 oz

number of replicates of same

Integer  range:0-99

Mean stem dry weight



Double  range:0-9 oz

standard deviation of same

Double  range:0-9 oz

number of replicates of same

Integer  range:0-99

Mean square dry weight



Double  range:0-9 oz

standard deviation of same

Double  range:0-9 oz

number of replicates of same

Integer  range:0-99

Mean green boll dry weight


Double  range:0-9 oz

standard deviation of same

Double  range:0-9 oz

number of replicates of same

Integer  range:0-99

Mean open boll dry weight


Double  range:0-9 oz

standard deviation of same

Double  range:0-9 oz

number of replicates of same

Integer  range:0-99

Mean total fruit weight



Double  range:0-9 oz

standard deviation of same

Double  range:0-9 oz

number of replicates of same

Integer  range:0-99

Mean total shoot dry weight


Double  range:0-99 oz

standard deviation of same

Double  range:0-9 oz

number of replicates of same

Integer  range:0-99

Note: All means in the observation file are per plant.

Stem includes mainstem, branches, petioles and peduncles.

Leaf includes leafblade and veins.

Fruit includes squares, green bolls and open bolls.

Shoot includes all the above-ground organs on the plant.

To preserve the format of the file, put a negative number, e.g. -9, where no data were collected.

Zero will always be interpreted as an observation and must never be used to pad the file.

Additional information (e.g. root weight) can be included in the file in columns 44 and higher. 

These columns will not be read by GUICS but can be used to keep all the observed data together, if you wish.

Example:
9

39  -9  -9  -9  -9  -9  -9  -9  -9  -9  -9  -9  -9  -9  -9  -9  17.5  2.3  7 -9  -9  -9  

0.14  0.03  7 0.02  0.004  7 -9  -9  -9  -9  -9  -9  -9  -9  -9  -9  -9  -9  0.21  

0.04 7

OUTPUT FILES ACCESSIBLE FROM GUICS

Contents of graph output file (.g01)


On each line:

Day of year




Integer
range:1-366

Mainstem nodes per plant


Integer
range:1-99

Squares per plant



Integer
range:0-999

Green bolls per plant



Integer
range:0-99

Open bolls per plant



Integer
range:0-99

Total bolls per plant



Integer
range:0-99

Height





Double
range:0-999 in

Leaf area



Double
range:0-9999 in2
Leaf dry weight




Double
range:0-9 oz

Stem dry weight 



Double
range:0-9 oz

Square dry weight



Double
range:0-9 oz

Green boll dry weight



Double
range:0-9 oz

Open boll dry weight



Double
range:0-9 oz

Fruit dry weight




Double
range:0-9 oz

Shoot dry weight



Double
range:0-9 oz

Maximum temperature



Double
range:0-999 oF

Minimum temperature



Double
range:0-999 oF

Precipitation




Double
range:0-99 in

Solar radiation




Double
range:0-999 Langleys (cal cm-2)

Wind run




Double
range:0-999 miles day-1
Contents of table output file (.tab)


On each line:

Rowspacing 




Double
range: 0-99 in

Plants per foot of row



Double
range: 0-9

Solar radiation integral over season 

Double
range: 0-9,999 Langley 

Solar radiation intercepted by plants 

Double
range: 0-9,999 Langley 

Rainfall over season 



Double
range: 0-99 in

Evapotranspiration over season 


Double
range: 0-99 in

Fertilizer nitrogen applied 


Double
range: 0-999 lb acre-1
Irrigation applied 



Double
range: 0-99 in

Yield 





Double
range: 0-99 bales acre-1
Contents of report output file (.out)


On each line:

DATE





Character string

DAE
days after emergence


Integer
range:1-99

MSN
main stem node number


Integer
range:1-99

HT
height of mainstem 


Double
range: 0-99 in

LAI
leaf area index (leaf area/soil area)
Double
range: 0-9

NFS
number of fruiting sites


Integer
range:1-99

NSQ 
number of squares


Integer
range:1-99

NGB 
number of green bolls


Integer
range:1-99

NOB 
number of open bolls


Integer
range:1-99

NSD
nitrogen supply/demand 

Double
range: 0-1



supply of nitrogen/ whole plant demand for nitrogen this day

CSD 
carbon supply/demand 


Double
range: 0-1



supply of carbon/ whole plant demand for carbon this day

WSD 
water supply/demand 


Double
range: 0-1



supply of water from roots/ whole plant demand for water this day

DD60
degree-days above 60 oF

Double
range: 0-9999



Calculation of degree-days starts at emergence

Contents of summary output file (.sum)


 

One entry on each line:

Year





Integer
range:1-9999

Soil





Character string

Cultivar





Character string

Rowspacing 




Double
range: 0-99 in

Plants per foot of row



Double
range: 0-9

Plants per acre




Double
range: 0-99999

List of management events:


Data given vary according to type of event 

Date emerged




Character string

Date of first square



Character string

Date of first flower



Character string

Date of harvest




Character string

Solar radiation integral over 
season

Double
range: 0-9,999 Langley 
Solar radiation intercepted by plants 

Double
range: 0-9,999 Langley 

Rainfall over season 



Double
range: 0-99 in

Evapotranspiration over season 


Double
range: 0-99 in

Fertilizer nitrogen applied 


Double
range: 0-999 lb acre-1
Irrigation applied 



Double
range: 0-99 in

Yield 





Double
range: 0-9 bales acre-1
Total cost of fertilizer per acre


Double
range: 0-9999 $

Total cost of irrigation per acre


Double
range: 0-9999 $

Total cost of spray application per acre

Double
range: 0-9999 $

Cost of management consultant per acre
Double
range: 0-9999 $

Cost of pest consultant per acre


Double
range: 0-9999 $

Return on lint
per acre


Double
range: 0-9999 $

List of warning messages generated by the model during the run.


(See warnings file below.)

Scenario




Character string

Observation file




Character string
Table of statistics to assess model performance (See below).

Statistics to assess model performance (included in the summary output file)

First column:

Names and units of the variables for which there are values in the observations file
Second column:

Root mean square error (difference between observations and simulations) 

for each variable
Third column:

Test for insufficient goodness of fit between the observations and model predictions for each variable.
Fourth column:

Test for overall lack of fit between the observations and model predictions for each variable.
Fifth column:

Test for systematic error between the observations and model predictions for each variable.
Sixth column:

Test of whether the errors depend on the magnitudes of measured values.
Seventh column:

Test of whether the simulated and measured curves have different shapes.

Note:  The values in columns 3-7 are all probabilities that the condition being tested, actually exists.  If the value is above 0.95, we can be 95% certain that the differences between the model and the observations are significant with respect to the property being tested.

OUTPUT FILES NOT ACCESSIBLE FROM GUICS

NOTE:  The names for these files are generated by taking the name of the report output file, X.out  and changing the extension as appropriate.

Contents of plant output file (.plt)  

First line:
CPM version number



Double
range:1-9999

On each subsequent line:
day





Double
range:1-366

plant_height




Double
range:0-999 cm

total_leaf_area



Double
range:1-9999 cm2
internode_dry_weight



Double
range:0-99 gm

leaf_dry_weight




Double
range:0-99 gm

petiole_dry_weight



Double
range:0-99 gm

square_dry_weight



Double
range:0-99 gm

flower_dry_weight



Double
range:0-99 gm

green_boll_dry_weight



Double
range:0-99 gm

open_boll_dry_weight



Double
range:0-99 gm

abscised_square_dry_weight


Double
range:0-9 gm

abscised_boll_dry_weight


Double
range:0-99 gm

mainstem_nodes



Integer
range:1-99

vegetative_branch_nodes


Integer
range:0-99

total_fruiting_nodes



Integer
range:0-999

total_leaf_count




Integer
range:1-999

total_squares




Integer
range:0-999

total_flowers




Integer
range:0-999

total_green_bolls



Integer
range:0-99

total_open_bolls



Integer
range:0-99

total_abscised_squares



Double
range:0-999

total_abscised_bolls



Double
range:0-99

root_weight




Double
range:0-99 gm

taproot_dry_weight



Double
range:0-99 gm

yield





Double
range:0-99 bales acre-1
c_supply_demand



Double
range: 0-1


supply of carbon/ whole plant demand for carbon this day

n_ supply_demand



Double
range: 0-1


supply of nitrogen/ whole plant demand for nitrogen this day

water_ supply_demand



Double
range: 0-1


supply of water from roots/ whole plant demand for water this day

expansion_factor



Double
range:0-1


proportion of expansion allowed by water stress this day

mepiquat_chloride_concentration

Double
range: 0-1E-4 g a.i. g-1 dry weight


concentration of mepiquat chloride in the whole plant this day

Note:  All these data except yield are for an average plant in the crop

Contents of carbon output file (.car)
On each line:
day





Double
range:1-366

daily_solar




Double
range:0-99 MJ  m-2

solar radiation integral for the day

senescence_factor



Double
range:0-1


limitation placed on photosynthesis by leaf senescence

actual_photo_sum



Double
range:0-999 mg CO2 m-2 crop


actual photosynthesis rate summed over the day

potential_photo_sum



Double
range:0-999 mg CO2 m-2 crop


potential photosynthesis rate summed over the day

leaf_c_demand




Double
range:0-9 g



total carbon demand for all leaves on the plant growing at the potential rate

internode_c_demand



Double
range:0-9 g



total carbon demand for all internodes on the plant growing at potential rate

fruit_c_demand




Double
range:0-99 g



total carbon demand for all fruits on the plant growing at the potential rate

total_c_demand




Double
range:0-99 g



total carbon demand for all organs on the plant growing at the potential rate

veg_c_ratio




Double
range:0-∞



current carbon supply/demand for vegetative tissue

c_fixed





Double
range:0-9 g



total net carbon fixed by photosynthesis during past day

c_supply




Double
range:0-9 g



carbon supply to growing organs from all sources

c_used_h20_root



Double
range:0-9 g



carbon used today to grow root dedicated to water uptake

c_used_fruit




Double
range:0-9 g



carbon used today to grow fruit

c_used_veg_shoot



Double
range:0-9 g



carbon used today to grow stems, petioles and leaves

c_used_n_root




Double
range:0-9 g



carbon used today to grow root dedicated to nitrogen uptake

c_used_taproot




Double
range:0-9 g



carbon used today to grow taproot

c_used_total




Double
range:0-9 g



total carbon used today to grow the plant

c_surplus




Double
range:0-9 g



carbon surplus to that which can be used for growing the plant

c_add_pool




Double
range:0-9 g



carbon to be added back into the carbon pool

c_pool





Double
range:0-9 g



carbon pool

NOTE:  Fruits have priority for resources, so while veg_c_ratio is above zero, fruits are not limited by carbon.  Veg_c_ratio is a measure of how severely vegetative growth is suppressed by competion with fruits during a carbon shortage.

Contents of nitrogen output file (.nit)
On each line:
day





Double
range:1-366

nitrate_nitrogen




Double
range:0-999 lb acre-1


total nitrate nitrogen currently in the soil

ammonium_nitrogen



Double
range:0-999 lb acre-1


total ammonium nitrogen currently in the soil

organic_nitrogen



Double
range:0-99,999 lb acre-1


total organic nitrogen currently in the soil

manure_nitrogen



Double
range:0-999 lb acre-1


total manure nitrogen currently in the soil

plant_residue_nitrogen



Double
range:0-999 lb acre-1


total plant residue nitrogen currently in the soil

denitrification_losses



Double
range:0-99 lb acre-1


accumulated nitrogen lost by denitrification

leached_nitrogen



Double
range:0-999 lb acre-1


accumulated nitrogen lost by leaching

nitrogen_to_plant



Double
range:0-9999 lb acre-1


accumulated nitrogen taken up by the plant

total_nitrogen




Double
range:0-99,999 lb acre-1


total nitrogen in the system modeled plus nitrogen lost from the system

change_in_soil_nitrogen_content

Double
range:0-999 lb acre-1 


accumulated changes from the start of the simulation

leaf_n_demand




Double
range:0-9 g



total nitrogen demand for all leaves on the plant growing at the potential rate

internode_n_demand



Double
range:0-9 g



total nitrogen demand for all internodes on the plant growing at potential rate

fruit_n_demand




Double
range:0-9 g



total nitrogen demand for all fruits on the plant growing at the potential rate

total_n_demand




Double
range:0-9 g



total nitrogen demand for all organs on the plant growing at the potential rate

veg_n_ratio




Double
range:0-1



current nitrogen supply/demand for vegetative tissue

veg_n_stress




Double
range:0-1



current nitrogen content/optimum nitrogen content for vegetative tissue

n_supply




Double
range:0-99 g



total nitrogen supply from all sources

n_used_h20_root



Double
range:0-9 g



nitrogen used today to grow root dedicated to water uptake

n_used_fruit




Double
range:0-9 g



nitrogen used today to grow fruit

n_used_veg_shoot



Double
range:0-9 g



nitrogen used today to grow stems, petioles and leaves

n_used_total




Double
range:0-9 g



total nitrogen used today to grow the plant

n_pool





Double
range:0-99 g



 size of the nitrogen pool 

water_transpired



Double
range:0-99,999 g H2O



total water transpired by the plant during the day 

veg_n_content




Double
range:0-9 g



total nitrogen present in vegetative parts of the plant

fruit_n_content




Double
range:0-9 g



total nitrogen present in fruits on the plant

n_lost_by_abscission




Double
range:0-9 g



total nitrogen lost from plant in abscised leaves, petioles and fruits

total_n_to_plant




Double
range:0-9 g



total nitrogen taken up by plant from soil

NOTE: Veg_n_ratio is a measure of how severely vegetative growth is suppressed by competion with fruits during a nitrogen shortage.

Contents of water output file (.wtr)  


day





Double
range:1-366

hour





Double
range:0-23

daily_rainfall




Double
range:0-9 cm day-1
potential_transpiration_rate


Double
range:0-9 cm day-1
potential_water_uptake_rate


Double
range:0-9 cm day-1
soil_h2o_potential



Double
range:-999-0 bars

stomatal_conductance



Double
range:0-9 mol air m-2 crop sec-1
stomatal_sensitivity_factor


Double
range:0-99 (dimensionless)
actual_transpiration_rate


Double
range:0-9 g H2O m-2 soil hr-1
actual_net photosynthesis_rate


Double
range:0-9 mg CO 2 m-2 soil s-1
guard_cell_water_potential


Double
range:-99-0 bars

leaf_water_potential



Double
range:-99-0 bars

leaf_osmotic_potential



Double
range:-99-0 bars

leaf_turgor_pressure



Double
range:-99-99 bars

NOTE: Values of soil_h2o_potential and plant_water_uptake_rate are quite variable early in the season but they have little effect on the plant growth.  The variability is caused by: (a) daily increments in plant size being large in comparison to current size, and (b) hourly changes in the water contents and numbers of soil cells occupied by roots being large.

Contents of warnings file (.wrn)


NOTE:  This file is in English units because it is also output to the summary file for farmers.

Each line:
Date

Warning message

[offending number] 

Note: Methods and materials that are designated by a character or a character string are inspected to see if they are one of the sequences recognized by CPM.

Distance in the fertilization and irrigation files is flagged if it is < 0.0 or > row spacing.

Depth in the same files is flagged if it is < 0.0 or > 39 inches (1 meter).

Fertilizer amount is flagged if it is < 0.0 or > 500 lbs acre-1.

Irrigation amount is flagged if it is < 0.0 or > 4 inches (10 cm).

The warnings file is opened and closed each time an entry is made to ensure that the file survives a software crash.  If the model crashes, this file could give you clues to the reason.

The posting of a warning message does not affect the model run and users are left to decide if the condition detected is a problem or not.  For example, the model developers assumed that farmers never apply more than 500 lbs acre-1 of fertilizer at one time, but maybe they do.  If so, the warning should be ignored.

FILES BUILT BY GUICS

Files with the extensions .hdr and .ico contain the names (or memos) and icons associated with projects, scenarios and input files in GUICS.  Users do not need to access these files.
Contents of the Z Files
When it is run in debug mode, the model produces some very detailed soils files for diagnostic purposes.  These are not produced when the model is run as a dll, as in GUICS. 

Contents of Z00.txt

Boundary fluxes of water (cm H2O day-1) for the upper and lower boundaries of the soil profile, for each cell, and for each time step used in 2DSOIL.

Contents of Z01.txt

Water potential (cm H2O) for each cell, and for each time step used in 2DSOIL.

Contents of Z02.txt

Solute concentration (g cm-3) for each cell, and for each time step used in 2DSOIL.

Contents of Z03.txt

Nitrogen balance for the entire soil profile for each time step used in 2DSOIL.

On each line: 
day





Double
range:1-366

Nitr_N





Double
range:0-999 g cm-1 row


total nitrate nitrogen currently in the soil

Org_N





Double
range:0-99,999 g cm-1 row


total organic nitrogen currently in the soil

Manure_N




Double
range:0-999 g cm-1 row


total manure nitrogen currently in the soil

Litter_N




Double
range:0-999 g cm-1 row


total plant residue nitrogen currently on the soil surface

Ammon_N




Double
range:0-999 g cm-1 row


total ammonium nitrogen currently in the soil

All_N





Double
range:0-999 g cm-1 row


total nitrogen currently in the soil

Denitr





Double
range:0-99 g cm-1 row


accumulated nitrogen lost by denitrification

Seepage_N




Double
range:0-999 g cm-1 row


accumulated nitrogen lost by leaching

Uptak_N




Double
range:0-9999 g cm-1 row


accumulated nitrogen taken up by the plant

N_balance




Double
range:0-999 g cm-1 row 


accumulated changes from the start of the simulation

Contents of Z04.txt

Water balance for the entire soil profile for each time step used in 2DSOIL.

On each line:
day





Double
range:1-366

Water_Act




Double
range:0-999 cm3 H2O cm-1 row



total current soil water content, summed over all cells

Cum_seepage




Double
range:0-99,999 cm3 H2O cm-1 row



cumulative water lost to deep drainage

Cum_Water_In




Double
range:0-999 cm3 H2O cm-1 row

cumulative water entering soil via upper boundary.  

Does not include drip irrigation, and evaporation is subtracted from other forms of irrigation and rain

Cum_Act_Evap




Double
range:0-999 cm3 H2O cm-1 row



cumulative actual water evaporation from soil surface

Cum_Water_Up




Double
range:0-999 cm3 H2O cm-1 row



cumulative water uptake by plant

Water_difr




Double
range:0-999 cm3 H2O cm-1 row



change in soil water content since the start of the simulation

Water_mass




Double
range:0-999 cm3 H2O cm-1 row



check on water mass balance = Water_Act - initial soil water content +



Cum_seepage - Cum_Water_In + Cum_Act_Evap + Cum_Water_Up.

Contents of Z05.txt

Nitrate balance for the entire soil profile for each time step used in 2DSOIL.

On each line:
day





Double
range:1-366

Cont_NO3




Double
range:0-999 g cm-1 row



total nitrate currently in the soil, summed over all cells g cm-1 row

C_NO3_seepage



Double
range:0-99,999 g cm-1 row



cumulative nitrate lost to deep drainage

C_NO3_uptake




Double
range:0-99,999 g cm-1 row



cumulative nitrate uptake by plant

Cont_NO3-NO3_init



Double
range:0-999 g cm-1 row


change in soil nitrate content from start of simulation

Contents of Z06.txt

Successive profiles show:

Root density () for each cell, and for each time step used in 2DSOIL.

Root water uptake rate (cm3 cm-3 day-1) for each cell, and for each time step used in 2DSOIL.

Root growth limiting factor for each cell, and for each time step used in 2DSOIL.

Contents of Z07.txt

Temperature (°C) for each cell, and for each time step used in 2DSOIL.

Contents of Z08.txt

Active and passive nitrate uptake for the entire soil profile for each time step used in 2DSOIL.

On each line:
day





Double
range:1-366

NO3_demand




Double
range:0-999 g cm-1 row



nitrate demand by the plant for potential growth at the temperature

supNO3




Double
range:0-99,999 g cm-1 row



nitrate taken up in the transpiration stream

Max_act_NO3




Double
range:0-99,999 g cm-1 row



Maximum active nitrate uptake by plant

Max_pas_NO3




Double
range:0-99,999 g cm-1 row



Maximum passive nitrate uptake by plant
Composition of some chemical fertilizers


Total
Total
Total
Available  
Water-soluble 
Ammonium
Nitrate
Organic N
Phosphorus
Potassium 


(% N)
(% N)
(% N)
(%P2O5)
(%K20)

Ammonium nitrate
16.75
16.75

Ammonium nitrate-lime

(A-N-L, Cal-Nitro)
10.25
10.25

Monoammonium phosphate
11.0


48.0

Ammonium phosphate-

      sulfate
16.0


20.0

Ammonium sulfate
21.0

Anhydrous ammonia
82.0

Aqua ammonia
20.0

Calcium cyanamide


21.0

Calcium nitrate

15.5

Calcium ammonium 

     nitrate
8.5
8.5

Diammonium phosphate
16.0-18.0


46.0-48.0

Phosphoric acid solution



52.0-54.0

Potassium chloride




60.0-62.0

Potassium nitrate

13.0


44.0

Potassium sulfate




50.0-53.0

Sodium nitrate

16.0

Sulphate of potash-

     magnesia




26.0

Superphosphate (concentrated)


45.0-46.0

Superphosphate (normal)



18.0-20.0

Urea
46.0

Urea formaldehyde
38.0

Note: Urea converts rapidly to ammonia, so the nitrogen in it is treated as ammonia in our crop models
Cultivar Characteristics and Order of Adjustment


The attributes and parameters described below may vary from one cultivar to another.  Their values are given in the cultivar file, they are read in to the Cultivar object and made available to other objects as needed.


In this listing, each attribute or parameter name is followed by the names of the objects that use the information (in italics), its type and typical value.


Some of these parameters are needed because the original equations from controlled-environment data grossly overestimate the rates observed in the field.

is_pima   Plant; Development
Bool  
true or false

Initial seed size and some of the development and rate equations differ between pima and hirsutum cultivars.  This attribute selects the appropriate equations.

veg_node_production_rate_param Development 
Double
near 1.0

A multiplier on the daily increment of progress towards production of the next vegetative node on the mainstem and each vegetative branch.

internode_growth_duration_param Internode 
Double
near 77.0

The numerator in an equation to predict the time for which each internode grows.

internode_length_param Internode 
Double
near 0.5

A multiplier on the potential final length of each internode.

stem_weight_param Internode 
Double
near 0.0005

The number of grams of dry weight per cm of stem per cm of stem above.  If the parameter has a value of 0.0005, a cm of stem that is 100 cm below the tip of the stem will have a dry weight of 0.05 g.  This can be determined directly from field data.

leaf_growth_duration_param Leaf 
Double
near 331.0

The numerator in an equation to predict the time for which each leaf grows.

leaf_area_param Leaf_blade 
Double
near 0.015

A multiplier on the potential final area of each leaf.

leaf_weight_param Leaf_blade 
Double
near 1.0

A multiplier on the weight of leaf per unit leaf area.  In effect it adjusts specific leaf area, which is calculated from temperature and carbon dioxide concentration.

first_square_timing_param Development 
Double
near 1.0

A multiplier on the daily increment of progress towards production of first square.

fruiting_node_production_rate_param Development
Double
near 0.4

A multiplier on the daily increment of progress towards production of the next fruiting node on each fruiting branch

photo_max_param Crop_canopy
Double
near 1.0

A multiplier on the maximum photosynthetic rate possible when light is not limiting.

boll_weight_param Fruiting_point 
Double 
near 0.4

A multiplier on the daily increment of weight gain for each boll on the plant.

Order in which to adjust cultivar characteristics

The cultivar characteristics interact to some extent, so adjusting one may necessitate the adjustment of others.  If you start manipulating these, we strongly advise you to keep a record of the original values, other values tried and their effects.  Nevertheless, the interaction between parameters will be minimized if you adjust them in the order shown below to get the effect specified.

is_pima to choose the correct set of development and rate equations

first_square_timing_param to correct time of first square

veg_node_production_rate_param to correct number of nodes

internode_growth_duration_param and
internode_length_param to correct plant height 

leaf_growth_duration_param and
leaf_area_param to correct leaf area

photo_max_param to correct total dry weight gain by plant

stem_weight_param to correct stem weight

leaf_weight_param to correct specific leaf area and thus leaf weight

fruiting_node_production_rate_param to correct total number of fruiting sites

boll_weight_param to correct fruit weight

NOTE:  There are no parameters to adjust the competition between reproductive and vegetative parts of the plant or to determine how severe a stress must be before growth of various organs is limited, or they abscise.  If you adjust all the above parameters successfully and yield is still not predicted correctly, the problem is most likely in one of the areas not accessible to you, and needs to be discussed with the model developers.

Dictionary for Above-ground (Plant) Model  

In the alphabetical dictionary below:

C++ commands are in bold type face

object names (and hence class names) start with a capital letter,

attributes (variables) start with a lower case letter,

methods (services) start with a period.  

For each entry in the dictionary:

the units (if any) are given in parentheses,

the object(s) that "know" the value of the attribute or provide the service are in italics,

and any necessary explanation of the entry is given on the line below.

aboveground_dry_weight  (g plant-1)  Plant


total dry weight of aboveground organs on the plant

.abscission  many objects

decide which organs will be abscised from the plant

.abscise  many objects

decide which organs will be abscised from the plant

abscised_boll_dry_weight  (g)  Plant

dry weight of all bolls that have abscised from the plant

abscised_square_dry_weight  (g)  Plant

dry weight of all squares that have abscised from the plant

.abscise_leaves  Crop_canopy

decide which leaves will be abscised from the plant

actual_area_increment  (cm2)  Leaf_blade
.actual_growth  most shoot objects

calculate actual growth of the object for this timestep accounting for all limitations

actual_net_photo  (mg CO2 m-2 soil sec-1)  Crop_canopy

actual net photosnthesis allowing for light respiration, maintenance respiration and 
stomatal closure caused by water stress.

.actual_photosynthesis  Crop_canopy; Plant

calculate the actual photosynthesis rate as limited by stomatal conductance.

.actual_transpiration  Crop_canopy; Plant

calculate the actual transpiration rate as limited by stomatal conductance.

actual_transpiration_rate  (g H2O m-2 soil hr-1)  Crop_canopy

potential transpiration rate as limited by stomatal_conductance.

actual_weather_file  Simulation_controller;Weather_station_environment
.acquire_c  Shoot_organ

determine how much carbon will be acquired by the organ over this timestep

.acquire_n  Shoot_organ

determine how much nitrogen will be acquired by the plant over this timestep

.add_(item)  CPMCollection; and many  other objects

instantiate another of the named item, or add the named item to the end of the collection

add_c_pool  (g C plant-1)  Allocation

amount of carbon to be added back in to c_pool after allocation

add_fruit_n  (g N plant-1)  Allocation

amount of nitrogen to be added to fruits after allocation

add_veg_n  (g N plant-1)  Allocation

amount of nitrogen to be added to vegetative tissues after allocation

age  (days)  Plant;  Leaf

age of plant since emergence, or leaf since unfolding 

air_temperature  (°C)  Weather_station_environment, Canopy_environment

air temperature at the weather station or in the canopy

.allocate  Plant; Allocation

partition carbon, nitrogen (and other nutrients) to various organs on the plant

Allocation


class containing information about how the plant partitions carbon, nitrogen (and 
other nutrients) to various organs

ammonium_perc  (%)  Fertilization

% of the fertilizer that is nitrogen (N) in the form of ammonium (NH4)

amount  (lbs acre-1 -> g cm-2)  Fertilization

amount of fertilizer applied in this fertilization event

amount  (in -> cm)  Irrigation

amount of irrigation water applied in this irrigation event

amount  (oz  a.i. acre-1)  Spray_application

amount of active ingredient of chemical applied in this spray event

amount_per_plant  (g a.i. plant-1)  Spray_application

amount of chemical applied to the area of field occupied by each plant

area  (cm2)  Leaf_blade

area of leaf blade (the cotyledons are treated as a leaf blade)

.at (index)  CPMCollection 

points to the item at the index position.  NB.  Collections are zero-based

attached_branch  Nodal_unit

pointer to the branch attached to this nodal unit

atmospheric_transmission_coefficient  (ratio)  Weather_station_environment, 
Canopy_environment

proportion of total radiation transmitted through the earth's atmosphere.

avg_daily _temp  (°C)  Weather_station_environment

temperature averaged over the whole day (24 hours)

avg_daytime_temp  (°C)  Weather_station_environment

temperature averaged over the day (photoperiod)

avg_nighttime_temp  (°C)  Weather_station_environment

temperature averaged over the night

average_temp  (°C)  Canopy_environment

temperature averaged over the whole day (24 hours)

beers_law_correction  (ratio)  Crop_canopy

the proportion of radiation passing through the canopy and reaching the soil.

.bio_trans  Soil_environment

calculate amount of nitrogen released from organic matter

blade_present  Leaf


Boolean variable.  True = leaf blade is present, i.e. not yet abscised

boll_weight_param Cultivar

cultivar parameter to adjust rate at which bolls increase weight; used in Fruiting_point

boll_7_c_demand  (g C plant-1 day-1)  Allocation

Sum of c_demand over fruiting_points younger than 7 days_post_anthesis

boll_7_n_demand  (g N plant-1 day-1)  Allocation

Sum of n_demand over fruiting_points younger than 7 days_post_anthesis

boll_14_c_demand  (g C plant-1 day-1)  Allocation

Sum of c_demand over fruiting_points older than 14 days_post_anthesis

boll_14_days  Allocation

Boolean variable.  true = a boll older than 14 days_post_anthesis is present

boll_14_n_demand  (g N plant-1 day-1)  Allocation

Sum of n_demand over fruiting_points older than 14 days_post_anthesis

branch_present  Nodal_unit; Vegetative_nodal_unit; Fruiting_nodal_unit

Boolean variable.  true = a branch is present at this node

[Burr  NOT YET IMPLEMENTED


class containing information about the burr on each fruit]

.calculate  several plant process objects

start calculations in the object named

.calculate_(attribute name)  most objects

calculate the value of the attribute named

canopy_albedo  (ratio)  Crop_canopy

proportion of total incident radiation absorbed by the canopy

canopy_co2_conductance  (m s-1)  Crop_canopy
Canopy_environment


class containing information about the canopy_environment

canopy_environment


pointer to the Canopy_environment object

canopy_extinction_coefficient  Crop_canopy

measure of the efficiency with which the canopy absorbs light passing through it.

canopy_light_utilization_efficiency  (mg CO2 J-1)  Crop_canopy
carbon_fixed  (g C plant-1 step-1)  Plant

carbon fixed in the current time step

carbon_perc  (% C)  Fertilization

% carbon in this fertilizer application

car_file  Simulation_controller

name of the graphic output file

car_stream  Output


output file stream for the carbon output file (.car)

c_demand  (g C plant-1 day-1)  Allocation; Fruiting_point; Internode, Leaf; Leaf_blade; Taproot

carbon demand this day for the organ(s) under consideration.

Cell


class containing information about soil properties by cell (vs. by node)

c_fixed_today  (g C plant-1 day-1)  Plant

total amount of carbon fixed by the plant in the day currently being simulated

.check_for_spray_event  Plant

if a spray event has ocurred, read details of material applied, amount and method used

.check_management  Simulation_controller

checks if there is a management event on the day being simulated and determines its type

classes  CPM_defs

enum list of classes in the model. 

.clear_current_events  Management


clears the current_events collection

.c_limitations  Plant; Crop_canopy

determine if and how much carbon supply limits plant growth

.close_files  Output

close the output files after printing

cloud_pntrtd_rad_factor  (ratio)  Weather_station_environment; Canopy_environment

noon_radiation/potential_noon_radiation

concentration (g cm-3)  CPMsolute  


concentration of this solute in the irrigation water

Conversions


class containing information about constants, and conversion factors and algorithms

co2_concentration  (vpm)  Canopy_environment
CPM


file that initializes Simulation_controller and starts a run of the model

CPMCollectable


superclass that gives its subclasses properties that make them collectable in a 
CPMCollection

CPMCollection


class containing a collection of objects

CPMDate


class containing algorithms to convert date to day_of_year and vice versa

CPM_defs


file containing numbered lists of classes and fruit_stages.  Used with enum
CPMsolute


class containing information about a solute in the irrigation water

.construct_output_files  Simulation_controller


adds warning messages to the output files

c_pool  (g C plant-1)  Plant

labile carbon in the shoot

c_pool_max  (g C plant-1)  Plant

maximum amount of labile carbon that the shoot can hold

c_ratio  (ratio)  Allocation

c_supply/c_demand ratio

Crop_canopy


class containing information about the crop canopy

crop_cover  (ratio)  Crop_canopy

canopy width/rowspacing

crop_emerged  Simulation_controller

Boolean variable.  true = the crop has emerged

c_supply  (g C plant-1)  Plant; Allocation

carbon supply remaining for allocation to organ(s) on the plant.

c_supply_accum  (g C plant-1)  Allocation

accumulated carbon supplied for allocation to organs on the plant, minus carbon 
returned to c_pool at the end of each day

c_supply_demand  (ratio) Allocation

carbon supply / whole plant carbon demand for the day

c_surplus  (g C plant-1)  Plant

carbon fixed by the plant that cannot be used for growth or stored in the shoot

.c_to_f  Conversions

converts Celsius to Fahrenheit:  F = (C*9/5)+32

c_to_weight  Internode; Leaf_blade; Fruiting_point


g of carbon used to produce 1 g of dry weight in the organ under consideration ~0.5

Cultivar 


class containing information about the cultivar being simulated

cultivar_file  Simulation_controller
Cultivation


class containing information about a cultivation event

cultivation_file  Simulation_controller; Management; Cultivation

currrent_c_suppy  (g C plant-1 step-1)  Plant

carbon available for growth in the current time step

currrent_events  Management


collection of management events that occur on the day being simulated

current_n_uptake_required  (g N plant-1 step-1)   Plant

nitrogen uptake required this time step to support new growth 


and make good any nitrogen deficit in leaves and stems

current_temperature  (°C)  Canopy_environment

air temperature in the canopy in the middle of the current time step

daily_max_temp  (°C)  Weather_station_environment

maximum temperature for the day

daily_max_temp_F  (°F)  Weather_station_environment

an array of daily maximum temperatures for the year

daily_min_temp  (°C)  Weather_station_environment

minimum temperature for the day

daily_min_temp_F  (°F)  Weather_station_environment

an array of daily minimum temperatures for the year

daily_rainfall  (cm day-1)  Canopy_environment

total rainfall for the day

daily_root_carbon  (g C cm-2 day-1)  Simulation Controller


rate at which carbon is supplied to the root during this time step

daily_root_c_for_n  (g C cm-2 day-1)  Simulation Controller

rate at which carbon is supplied to the root during this time step, to obtain nitrogen

daily_root_c_for_h2o  (g C cm-2 day-1)  Simulation Controller

rate at which carbon is supplied to the root during this time step, to obtain water

daily_solar   (Joules m-2 day-1)  Canopy_environment

solar radiation integral for the day

date  Timer; CPMDate
day CPMDate

day of month

day_of_year  Timer

day of year being simulated numbering January 1 = 1, etc.

day_length  (hr)  Weather_station_environment; Canopy_environment
day_number  many objects


day of year being simulated

day_of_first_flower  Plant
day_of_first_square Plant
days_not_exporting  (day)  Leaf


number of days that a leaf has not exported carbon, i.e. has not been self-supporting

days_post_anthesis  (day)  Fruiting_point


Number of days since anthesis = time when square became a green boll

days_since_emergence  (day)  Plant


Number of days since emergence

days_to_abscission  (day)  Leaf


number of days until a leaf abscises, after it has been marked for abscission

day_string CPMDate

day of month as a character string

days_unfed (day) Fruiting_point

number of days since fruit was last fed

day_temp  (°C)  Canopy_environment


Temperature averaged over daytime (photoperiod)

dd60  (°F) Weather_station_environment

degree-days above 60 °F calculated from day of emergence

deep_soil_temperature  (°C)  Simulation_controller; Soil_environment
depseed  (cm)  Management  


depth of seed placement in the soil

depth  (in -> cm)  Fertilization

depth at/to which fertilizer is incorporated below soil surface

depth  (in -> cm)  Irrigation

depth of irigation dripper placement below soil surface

depth  (in-> cm)  Simulation_controller

depth of pre-season sampling to determine soil residual nutrient content

.determine_leaf_self_sufficiency  Crop_canopy

calls on each leaf in turn to determine its self sufficiency 

.determine_self_sufficiency  Leaf

calculates and sums leaf net photosynthesis - leaf maintenance respiration 

.develop  many objects

causes the object to develop one timestep

developing  Nodal_unit, Vegetative_nodal_unit; Fruiting_nodal_unit

Boolean variable: true = plant part is currently developing

Development


class containing information about plant development processes, i.e. phenology

development_stage  Plant; Vegetative_nodal_unit

development stage of the plant or plant part under consideration

df  (in -> cm)  Grid

depth of furrow between rows

digit_string CPMDate

date as a character string

.discard_events  Management
discard from the events list those management events ocurring before first_day_of_simulation 

distance  (in -> cm)  Irrigation

distance of irigation dripper from stem of plant

distance_from_plant  (in -> cm)  Fertilization

distance of fertilizer band from stem of plant

.dn_to_d  CPMDate

extracts day of month from day of year

dpseed  (in -> cm)  Simulation_controller

depth of seed placement

dr  (in -> cm)  Grid

height of ridge under plant

dry_weight  (g plant-1)  Internode; Leaf; Petiole; Leaf_blade; Fruiting_point


dry weight of plant part under consideration

.d_to_str  CPMDate


converts day of month number to a character string 

d1, etc.  (various)  many objects

dummy variables used for intermediate steps in long calculations

d3_number  See location_on_plant

econ_file  Simulation_controller

name of the economic data input file

Economics


class containing information about costs of management and return on lint

effective_lai  (ratio)  Crop_canopy


effective leaf area index for the soil area covered by the canopy

emergence_day  (day)  Simulation_controller

day of year that plants emerged

emergence_day_number  (day)  Plant

evapotrans  (cm)  Output


evapotranspiration from the entire field surface summed over the season

event_flag  Management  


flag to denote that a management event occurs on that day

events  Management

CPMCollection  of pointers to management_events, in date order after sorting

expansion_factor  (ratio)  Plant

proportion of day for which shoot expands, as limited by low turgor pressure

Fertilization


class containing information about a fertilization event

fertilizer_application_file  Simulation_controller; Management; Fertilization

name of the fertilizer application data input file

first
CPMCollection

address of first object in the collection

first_day_of_simulation  (day)  Simulation_controller

first day simulated in the current run

first_flower  Development

Boolean variable: true = the first flower has opened on the plant

first_pass  Simulation_controller

Boolean variable: true = this is the first pass through the code for this run

first_square  Development

Boolean variable: true = time for addition of the first square has been reached

first_square_init  Main_stem

Boolean variable = true if first square has been added to the simulated plant

first_square_timing_param Cultivar

cultivar parameter to adjust timing of appearance of first square; used in Development

flist_weight_inc  (g plant-1 day-1)  Plant

potential change in dry weight of fruiting points during this day

flower_dry_weight  (g)  Plant

total dry weight of flowers on the plant

flowered  Fruiting_point

Boolean variable = true if the fruiting point has flowered, i.e. passed from square to 
young green boll stage

fruit  Fruiting_nodal_unit


pointer to fruiting_point

fruit_c_demand  (g C plant-1 day-1) Allocation


potential rate of carbon use by fruit during this day

fruit_dry_weight  (g)  Plant

total dry weight of fruit on the plant

Fruiting  Leaf


Boolean variable.  True = leaf blade is present, i.e. not yet abscised

Fruiting_branch


class containing information about a fruiting branch

Fruiting_nodal_unit


class containing information about a fruiting nodal unit

fruiting_node_production_rate_param Cultivar

cultivar parameter to adjust rate of appearance of fruiting nodes; used in Development

Fruiting_point


class containing information about the fruiting point

fruit_list  Plant 

CPMCollection  of pointers to fruit objects in order oldest to youngest

fruit_n_content (g N plant-1)  Plant

nitrogen content of fruits

fruit_n_demand  (g N plant-1 day-1) Allocation


potential rate of nitrogen use by fruit during this day

fruit_present  Fruiting_nodal_unit

Boolean variable: true = a fruit is present on this fruiting_nodal_unit

fruit_stage  CPM_defs; Fruiting_point

stage of development reached by fruiting point:


0 = pre-square


1 = square (flower bud)


2 = flower


3 = young_green_boll


4 = green_boll


5 = mature_boll (open boll)


6 = abscised square


7 = abscised boll

fruit_weight_abscised  (g)  Plant; Fruiting_nodal_unit; 


Vegetative_nodal_unit

total dry weight of fruit abscised from the object being considered

fruit_weight_abscised_yesterday  (g)  Plant

total dry weight of fruit abscised from plant yesterday

fruit_weight_increment  (g plant-1 day-1) Fruiting_nodal_unit


potential change in fruit weight during this day

fruit_weight_previously_abscised (g)  Plant

total dry weight of fruit abscised from plant prior to day currently being simulated

.fruit_weights_and_numbers  (g)  Plant

calculates numbers and weights of various classes of fruit on the plant

f_sq_accum  Development

first square accumulator: =1 when first square appears on plant

.f_to_c  Conversions

converts Fahrenheit to Celsius:  C = (F-32)*5/9

future_weather_file  Simulation_controller
Gas


class containing information about gas movement in soil

g_BlkDn  (g cm-3)  Grid

bulk density of soil in the horizon

g_Clay  (%)  Grid

percentage clay in the horizon

g_Depth  (cm)  Grid

depth to the base of the horizon

[Germination    NOT YET IMPLEMENTED


class containing information about seed germination]

.get_(attribute name or object name)   most objects

gets the value of an attribute or the address of an object

ginning_percentage  (%)  Plant

lint weight as a percentage of open boll dry weight

Global  TO BE REMOVED ASAP


class containing global data for 2DSOIL

g_Om  (%)  Grid

percentage of organic matter in the horizon

graphic_file  Simulation_controller; Output

name of the graphic output file

graph_stream  Output


output file stream for the graph output file (.car)

green_boll  Fruiting_point

boll that has not yet opened.  See also fruit_stage

green_boll_dry_weight  (g)  Plant

dry weight of green bolls on the plant

Grid


class containing information about the grid used to represent the soil profile

gross_photosynthesis  (mg CO2 m-2 crop sec-1)  Net_photosynthesis
.grow  Plant; Shoot_organ

grows the plant or organ for one day

.grow_daily  Plant

grows the plant for one day

.grow_hourly  Plant

grows the plant for one timestep

growing  Shoot_organ

Boolean variable: true = organ is currently growing

growing_time  (days)  Internode, Leaf

length of time organ is expected to grow based on temperatures experienced so far

growth_deficit  (g plant-1)  Fruiting_point

difference between potential and actual dry weight for the fruit

g_Sand  (%)  Grid

percentage sand in the horizon

guard_cell_water_potential  (bars)  Crop_canopy
hand_off  Vegetative_nodal_unit

increment of development passed on to the next nodal unit when the earlier one 
matures

.has_(attribute name)  Nodal_unit; Fruiting_nodal_unit; Fruiting_point

checks to see if the plant part named is present in or on the object  Returns the


value of the Boolean variable (attribute name)_present or 


(attribute name)_attached as appropriate

head_count  Output

count of number of lines added to report output file (.out) since the last header was added

Heat


class containing information about heat movement in soil

height  (cm)  Main_stem

height of mainstem

hoe_depth  (in -> cm)  Cultivation

depth of hoe below soil surface during this cultivation

hoe_distance  (in -> cm)  Cultivation

distance of hoe blade from stem of plant

hour  (hr)  Timer

time of day

hourly_temp_at  (°C)  Canopy_environment

temperature at a specified time

hrs_per_sec  Conversions

hours per second:  1/3600 = 0.0002777777778

humidity_data  Weather_station_environment
equals dewpoint, relative_humidity, wet bulb temperature or dry bulb temperature depending on the humidity switch

humidity_switch  Weather_station_environment
switch to indicate what humidity data are available: No data, Dewpoint (°F), Relative humidity (%), Wet and dry bulb temperature (°F)

inc_boll_opening  (day-1)  Development

daily increment in developmnt of fruiting point from young green boll to mature boll

inc_flowering  (day-1)  Development

daily increment in development of a fruiting point from square to young_green boll

inc_f_node  (day-1)  Development

daily increment in the development of a new fruiting node

.increment  CPMDate


adjusts day numbers if the year is a leap year

inc_veg_node  (day-1)  Development


daily increment in the development of a new vegetative node

.inches_to_cm  Conversions

converts inches to centimeters:  cm = in*2.54

index  CPMCollectable

location of a CPMCollectable in a CPMCollection

initialize_file  Simulation_controller
.initialize  many objects


initialize the object

.initialize_from [a_file]  many objects


initialize the object from the file specified

initial_area  (cm2)   Leaf_blade

area of leaf blade at initiation (the cotyledons are treated as a leaf blade)

initial_length  (cm) Internode

length of internode at initiation

initial_n_pool  (g N plant-1)  Plant

nitrogen left over from seed after emergence and available to support new growth

initial_water_content  (in -> cm & cm3 cm-3)  Simulation_controller

list of depths and initial soil water contents by layer

.insert(CPMCollectable, index)  CPMCollection 

insert the CPMCollectable in to the CPMCollection at the index 

Internode


class containing information about an internode

internode_c_demand  (g C plant-1 day-1)  Allocation; Plant; Stem; Nodal_unit


potential rate of carbon use by internodes during this day

internode_dry_weight  (g plant-1)  Plant; Stem; Nodal_unit; Fruiting_nodal_unit; 
Vegetative_nodal_unit

internode_growth_duration_param Cultivar

cultivar parameter to adjust duration of internode growth; used in Internode

internode_length_param Cultivar; Internode

cultivar parameter to adjust rate of internode extension; used in Internode

internode_n_demand  (g N plant-1 day-1) Allocation; Plant; Stem; Nodal_unit


potential rate of nitrogen use by internodes during this day

internode_weight_increment  (g plant-1 day-1)  Plant; Stem; Nodal_unit; Fruiting_nodal_unit


potential change in weight of internodes during this day

Irrigation


class containing information about an irrigation event

irrigation_file  Simulation_controller; Management; Irrigation; CPMsolute
irrigation_method  Management
.is_empty  CPMCollection

checks to see if the collection is empty.  Returns true if it is

.is_leap_year  CPMDate


determines if the year is a leap year

is_pima  Cultivar

Boolean variable.  True = cotton plant is a pima cultivar

.is_pima  Plant

test to see if the plant is a pima cultivar

joules_per_langley  Conversions

= 41860

just_emerged  Simulation_controller

Boolean variable.  true = the crop has just emerged – first pass through plant code

langleys_on(day)  (langleys)  Weather_station_environment

solar radiation on named day

last  CPMCollection

pointer to last object in the collection

last_day_of_simulation  (day)  Simulation_controller
last_net_co2  (mg CO2 m-2 crop sec-1)  Crop_canopy

net CO2 uptake by the crop canopy at the last timestep

last_pot_trans_rate  (g H2O m-2 crop hr-1)  Crop_canopy

potential (Penman) transpiration rate per unit crop area at the last timestep

latitude  (degrees)  Spatial_configuration
lat_rad  (radians)Weather_station_environment

latitude in radians

Leaf


class containing information about a leaf

leaf_area_index  (ratio)  Crop_canopy

leaf area per unit land area

leaf_area_param Cultivar

cultivar parameter to adjust rate of leaf area expansion; used in Leaf_blade

leaf_base_osm_pot  (bars)  Crop_canopy

minimum leaf osmotic potential for the day.  Used for long-term osmoregulation

Leaf_blade


class containing information about a leaf blade

leaf_c_demand  (g C plant-1 day-1) Allocation; Plant; Stem; Nodal_unit


potential rate of carbon use by leaves during this day

leaf_blade_dry_weight  (g plant-1)  Plant; Stem; Nodal_unit

total dry weight of leaves on the plant excluding petioles

leaf_growth_duration_param Cultivar

cultivar parameter to adjust duration of leaf growth; used in Leaf

leaf_list  Plant

CPMCollection  of pointers to leaf objects in order oldest to youngest

.leaf_maintenance_respiration  (mg CO2 m-2 leaf sec-1)  Maintenance_respiration

calculates leaf maintenance_respiration rate

leaf_n_demand  (g N plant-1 day-1) Allocation; Plant; Stem; Nodal_unit


potential rate of nitrogen use by leaves during this day

.leaf_net_photo  (mg CO2 m-2 leaf sec-1)  Net_photosynthesis

calculates net photosynthetic rate for a single leaf

leaf_osmotic_potential  (bars)  Crop_canopy
leaf_present  Nodal_unit; Vegetative_nodal_unit; Fruiting_nodal_unit

Boolean variable: true = a leaf is present on this node

.leaf_self_sufficiency  Plant

calculates self-sufficiency of individual leaves at the bottom of the canopy

leaf_transmission_coefficient  (ratio)  Crop_canopy

proportion of light transmitted by a leaf

leaf_turgor_pressure  (bars)  Crop_canopy
leaf_water_potential  (bars)  Crop_canopy
.leaf_water_status   Plant

instructs Crop_canopy to calculate leaf water potential, etc.

leaf_weight_abscised  (g)  Plant; Stem; Nodal_unit; Fruiting_nodal_unit; 


Vegetative_nodal_unit

total dry weight of leaves abscised from the object being considered

leaf_weight_abscised_yesterday  (g)  Plant

total dry weight of leaves abscised from plant yesterday

leaf_weight_increment  (g plant-1 day-1)  Plant; Stem; Nodal_unit; Fruiting_nodal_unit


potential change in weight of leaves during this day

leaf_weight_param Cultivar

cultivar parameter to adjust weight of leaf per unit area; used in Leaf_blade

length  (cm)  Stem; Nodal_unit; Internode; Petiole
light_respiration  (mg CO2 m-2 crop sec-1)  Net_photosynthesis

photorespiration rate

[Lint    NOT YET IMPLEMENTED


class containing information about the lint in each fruit]

location_on_plant

location is designated by three numbers: up_number, out_ number, and d3_number


CONSIDER USING: x_vector, y_vector, z_vector OR ms_, pb_, and sb_.


up_number = number of node on mainstem to which organ or branch bearing it is 



attached, counting the cotyledonary node as one.


out_ number = number of node on branch to which organ or sub-branch bearing it is 



attached, counting point of attachment of the branch to the mainstem as one.


d3_number = number of node on sub-branch to which organ is attached.


Thus the ninth node on the mainstem is location 9,0,0, and third node on a fruiting 


branch attached to the fifth node of a vegetative branch attached to the fourth node of 


the mainstem is location 4, 5, 3.

Main_stem


class containing information about the mainstem

mainstem_nodes  Plant

number of nodes on the mainstem

Maintenance_respiration


class containing information about maintenance respiration in plants

maintenance_respiration_rate (mg CO2 m-2 crop sec-1) Crop_canopy; Maintenance_respiration

rate of maintenance respiration for the whole plant at the current time

.maintenance_respire  Crop_canopy

determine rate of carbon loss in maintenance respiration over this timestep.

.make_digit_string  CPMDate


converts day of year number to a character string

.make_empty(index)  CPMCollection 


delete the CPMCollectable in the CPMCollection at index

Management


class containing information about management actions taken by the farmer

management_consult_cost_acre  ($ acre-1) Economics

annual cost of management consultants used.

Management_event


class that keeps a dated list of management actions taken by the farmer

management_flag  Simulation_controller

Boolean variable.  True = a management event ocurred on day currently being simulated

.map_fruiting_nodes  Simulation_controller

add to the plant map the fruiting nodes 

.map_vegetative_nodes  Simulation_controller

add to the plant map the vegetative nodes 

.mark_all_leaves_for_abscission  Crop_canopy


called when the crop is sprayed with a defoliant

marked_for_abscission  Leaf


Boolean variable.  true = the leaf has been marked for abscission

material  Spray_application

M = mepiquat chloride, D = defoliant, T = temik

Matrix_t


class containing methods to manipulate matrices in 2DSOIL

mature_boll  CPM_defs

boll that has opened.  See also fruit_stage

max_dhr  (hr)  Weather_station_environment

time of maximum temperature after sunrise

mean_c_uptake_rate (mg CO2 m-2 leaf sec-1)  Leaf

leaf_net_photo – leaf_maintenance_respiration summed over all time steps of the day

mean_grow_temp  (°C day)  Internode, Leaf

mean  canopy temperature over the life of the organ

mean_par_above_canopy  (W m-2)  Weather_station_environment


mean flux of photosynthetically-active radiation above the canopy during daylight 


hours for the past week

mepiquat_chloride_concentration  (g g-1 plant dry matter)  Plant

concentration of mepiquat chloride in plant tissue

mepiquat_chloride _content  (g plant -1)  Plant

total amount of mepiquat chloride in plant tissue

method  Cultivation

S = surface-shaping, H = hoeing

method  Fertilization

B = broadcast, R = broadcast/incorporated, N = banded, I = injected, K = knifed

method  Spray_application

B = broadcast, N = banded

min_ratio  Allocation

the minimum of n_ratio and c_ratio

month CPMDate
month_string CPMDate

month as a character string

. m_to_str  CPMDate


converts month number to a character string 

name  Weather_station_environment


name of the weather station

n_balance  (g N plant-1)  Plant

the excess or (if negative) deficit of nitrogen in vegetative tissue

n_content  (%)  Internode; Leaf_blade; Fruiting_point


nitrogen content as a %age of dry weight for the organ(s) under consideration.

n_demand  (g N plant-1 day-1)  Allocation; Leaf; Leaf_blade; Internode; Fruiting_point


nitrogen demand this day for the organ(s) under consideration.

net_c_flux  (mg CO2 m-2 crop sec-1)  Crop_canopy

potential net photosynthesis allowing for light respiration & maintenance respiration.

net_co2_flux  (mg CO2 m-2 crop sec-1)  Plant

potential net photosynthesis allowing for light respiration & maintenance respiration.

net_phot_accum  (g C plant-1)  Crop_canopy

Accumulated carbon fixed by net photosynthesis

Net_photosynthesis


class containing information about potosynthesis in plants

net_photosynthesis  (mg CO2 m-2 crop sec-1)  Net_photosynthesis

gross photosynthesis rate minus photorespiration and dark respiration

net_photosynthesis_rate  (mg CO2 m-2 crop sec-1)  Crop_canopy

gross photosynthesis rate minus photorespiration and dark respiration

net_up_long_radiation  (W m-2)  Canopy_environment


net upward long wave radiation

next  CPMCollectable

pointer to next object in the collection

new  (class name)


instanciates a new object from the class named

night_fraction  (ratio)  Weather_station_environment

length of night/24 hours

night_temp (°C) Canopy_environment

temperature averaged over the night

nit_file  Simulation_controller

name of the nitrogen output file

nitrate_perc  (%)  Fertilization

% of the fertilizer that is nitrogen (N) in the form of nitrate (NO3)

Nitrogen_acquisition


class containing information about nitrogen acquired by the plant

.nitrogen_uptake  Plant

calculate nitrogen uptake for this timestep

nit_stream  Output


output file stream for the nitrogen output file (.nit)

nLayer  Grid

number of soil horizons

n_layers  Simulation_controller

number of soil layers for which initial water contents are known

.n-limitations  Plant; Shoot_organ

determine if and how much nitrogen supply limits plant growth

n_lost_by_abscission (g N plant-1)  Plant

nitrogen lost from the plant by abscission of leaves and fruits

nodal_dry_weight  (g plant-1)  Stem

total dry weight of all internodes on the plant

Nodal_unit


superclass containing information common to all nodal units

nodal_units  Stem 

CPMCollection  of pointers to nodal_units on stem in order oldest to youngest

normalizing_fraction  Weather_station_environment

used in calculation of solar radiation for any time of day

n_pool  (g N plant-1)  Plant

nitrogen left over from previous growth and available to support new growth

n_ratio  (ratio)  Allocation

n_supply/n_demand ratio

n_reduction  (ratio)  Development

proportional reduction of development by nitrogen stress

n_reduction_factor  (ratio)  Net_photosynthesis

proportional reduction in photosynthesis caused by low plant nitrogen content

.n_status  Plant

determine nitrogen status of plant

.n_stress  Shoot_organ  NOT USED

n_supply  (g N plant-1)  N_acquisition; Plant; Allocation

nitrogen supply available/remaining for allocation to organ(s) on the plant.

n_supply_demand  (ratio) Allocation

nitrogen supply / whole plant nitrogen demand for the day

n_to_c_ratio  (ratio) Plant

ratio in which nitrogen and carbon are currently  being used to build new plant tissue

number_of_branches  Plant
number_of_leaves_checked  Crop_canopy


number of leaves checked daily for self-sufficiency counting from base of canopy

num_cultivations  Management

number of cultivations given for entire growing season

num_fertilizations  Management

number of fertilizer applications for entire growing season

num_irrigations  Management

number of irrigations for entire growing season

num_spray_applications  Management

number of spray applications for entire growing season

num_solutes  Management

number of (significant) solutes applied in irrigation water

number_of_veg_branches  Main_stem
n_uptake  (g N plant-1)  Plant

total nitrogen uptake for the day currently being simulated

n_used  (g N)  Allocation

nitrogen allocated to new growth during current pass through Allocation

obs_file  Simulation_controller

name of the observed data input file

oil  (ratio)  Fruiting_point

oil content of fruiting point as a proportion of dry weight

oil_content  (%)  Fruiting_point


oil content of fruiting point as a %age of dry weight

open_boll_dry_weight (g)  Plant

total dry weight of all open bolls on the plant

organic_n_perc  (%)  Fertilization

% of the manure that is nitrogen (N)

original_c_supply  (g C plant-1)  Plant; Allocation

carbon supply for allocation to organ(s) on the plant, before starting allocation.

original_n_supply  (g C plant-1)  Plant; Allocation

nitrogen supply for allocation to organ(s) on the plant, before starting allocation.

out_messages  Simulation_controller

CPMCollection  of messages to be sent to the report output file, when it is printed

out_number  See location_on_plant

Output


class containing simulation data for output in various forms

.output  Soil_environment

output results

Output2D 


class containing simulated soil and root data for output in various forms

output_file  Simulation_controller; Output
output_stream  Output


output file stream for the report output file (.out)

par[x][y] (various)  Grid

Van Genuchten parameters for the soil in the horizon

.parse_weather  Weather_station_environment

reads  and concatenates data from the actual_weather_file and the future_weather_file

pest_consult_cost_acre  ($ acre-1) Economics

annual cost of pest consultants used.

[pesticide_application_amount  (g cm-2 OR lbs acre-1)  Management ]

[pesticide_applied  Management

codes for pesticides???]

Petiole


class containing information about a petiole

petiole_dry_weight  (g plant-1)  Plant; Stem; Vegetative_nodal_unit

total dry weight of petioles on the plant or plant part under consideration

petiole_present  Leaf


Boolean variable.  True = leaf petiole is present, i.e. not yet abscised

phosphate_perc  (%)  Fertilization

% P in this fertilizer application

photo_max_param Cultivar

cultivar parameter to adjust canopy conductance to carbon dioxide; used in Crop_canopy

.photosynthesize  Crop_canopy

determine how much carbon will be fixed by the plant over this timestep

pi  Conversions

π = 3.1416

pima  Cultivar; Plant

Boolean variable.  true = the plant is a pima cultivar

Plant


class containing information about the aboveground portion of the plant

plant_height  (cm)  Plant
plantmap  Simulation_controller

plant map in alphanumeric form

plant_n_out  (g N plant-1)  Allocation

accumulated nitrogen allocated to various organs on the plant

plant_n_up  (g N plant-1)  Allocation

accumulated nitrogen supplied for allocation to shoot organs on the plant, minus 
nitrogen returned to n_pool at the end of each day

Plant_process


Base class containing information common to all plant process objects

plants_per_acre  (plant acre-1)  Spatial_configuration
plants_per_meter  (plant m-1)  Spatial_configuration

number of plants per meter of row

plants_per_square_meter  (plant m-2)  Spatial_configuration

number of plants per square meter of land

plant_transpire_potential  (cm day-1) Plant

potential transpiration rate converted to units for 2DSOIL

plt_file  Simulation_controller

name of the plant output file

plt_stream  Output


output file stream for the plant output file (.plt)

pm_counter  Nodal_unit; Simulation_controller


counter used for plant mapping

.pop(index)  CPMCollection 

pop the CPMCollectable at index to the top of the CPMCollection 

potash_perc  (%)  Fertilization

% K in this fertilizer application

.potential_area_growth  Leaf_blade

calculate potential growth in area

potential_area_increment  (cm2 day-1)  Leaf_blade

potential growth in area of leaf blade this day

potential_area_yesterday  (cm2)  Leaf_blade

area that would have been reached yesterday by the  leaf blade if it had grown 


continuously since initiation at its potential rate.

potential_c_increment  (g C day-1)  Internode; Leaf; Leaf_blade; Fruiting_point


carbon needed to grow plant part at the potential rate for this day

potential_dry_weight  (g)  Fruiting_point


dry weight that fruit would have if it had grown continuously at potential rate

.potential_growth  most shoot objects

calculate the potential growth of the object for this timestep

.potential_growth_rate  Shoot_organ

calculate the potential growth rate of the organ for this timestep

.potential_length_growth  Internode

calculate the potential growth in length of the internode for this timestep

potential_length_increment  (cm day-1)  Internode

potential growth in length of the internode for this day

potential_length_yesterday  (cm2) Internode

length that would have been reached yesterday by the  internode if it had grown 


continuously since initiation at its potential rate.

potential_noon_radiation  (W m-2)  Weather_station_environment

calculated from solar constant, solar geometry, and atmospheric transmission

.potential_photosynthesis  Plant; Crop_canopy


calculate potential transpiration rate

Potential_transpiration


class containing information about potential transpiration rate of plants

.potential_transpiration  Potential_transpiration; Plant


calculates potential transpiration rate

potential_transpiration_rate  (g H2O m-2 crop hr-1)  Potential_transpiration; Crop_canopy

potential (Penman) transpiration rate per unit crop area

potential_water_uptake_rate (g H2O m-2 crop hr-1)  Simukation_controller

potential water uptake rate by all roots

.potential_weight_growth    Internode, Leaf_blade


calculate potential change in dry weight of the organ during this time step
potential_weight_increment  (g day-1)  Fruiting_point, Internode, Leaf; Leaf_blade; Taproot


potential change in dry weight of the organ during this day
.pot_trans  Crop_canopy


determine potential transpiration by canopy

previous  CPMCollectable

adress of previous object in the collection

previous_n_supply_required  (g N plant-1 step-1)   Plant

nitrogen supply required last time step to support new growth 

previous_n_uptake (g N plant-1 step-1)   Plant

nitrogen uptake by roots during last time step

.print_car_file  Output

add data for the carbon output file (.car) to the car_stream

.print_events  Management


prints management_events to an output file stream

.print_graphic_file  Output

add data for the graphic output file (.g01) to the graph_stream

.print_headers  Output

add headers to the rpt, sum, plt, wtr, nit, and .car_streams

.print_nit_file  Output

add data for the nitrogen output file (.nit) to the nit_stream

.print_on  Management_event


prints details of management events to an output file stream

.print_on_str  Management_event


prints details of management events to a string stream

.print_out  Output

calls print_graphic_file and print_output_files

.print_out_internode_weights  Stem; Nodal_unit
.print_out_messages  Simulation_controller


appends warning messages to the report output file (.out)

.print_output_file  Output

add data for the report output file (.out) to the output_stream

.print_output_files  Output
calls .print_plt_file, .print_wtr_file, .print_nit_file, .print_car_file, and .print_output_file

.print_plt_file  Output

add data for the plant output file (.plt) to the plt_stream

.print_sum_event  Output

add details of management events for the summary output file (.sum) to the sum_stream

.print_sum_file_header  Output

add the first block of data for the summary output file (.sum) to the sum_stream

.print_sum_file_results  Output

add the final block of data for the summary output file (.sum) to the sum_stream

.print_sum_messages  Simulation_controller


appends warning messages to the summary output file .sum

.print_tab_file  Output

add data for the table output file (.tab) to the tab_stream

.print_to  many objects


print to the named file

.print_wtr_file  Output

add data for the water output file (.wtr) to the wtr_stream

[proportion_present  (ratio)  all shoot organs

proportion of shoot organ present after feeding by herbivores, hail, etc]

prop_par_intercepted  (ratio)  Crop_canopy


proportion of photosynthetically active radiation intercepted

protein  (ratio)  Allocation; Shoot_organ


protein content of root as proportion of dry weight, estimated from nitrogen content

.push(CPMCollectable)  CPMCollection 

push the CPMCollectable in to the CPMCollection at the start 

[radiations  (W m-2)  Canopy_environment

CPMCollection  of diurnal values of solar radiation]

rad_per_deg  (rad degree-1)  Conversions

radians per degree:  π/180 = 0.01745

rainfall  (cm day-1)  Weather_station_environment

total rainfall for the day

rainfall_in  (in day-1)  Weather_station_environment

an array of values of total rainfall for each day of the year

rainfall_in_on(day)  (in day-1)  Weather_station_environment

total rainfall on the day specified

rainfall_on(day)  (cm day-1)  Weather_station_environment

total rainfall on the day specified

[rain_intercepted  (cm)  Canopy_environment ]

[rain_on_soil  (cm)  Canopy_environment ]

rain_per_step  (cm step-1)  Canopy_environment


rain falling on the soil during this time step

rain_total  (cm)  Canopy_environment

rainfall accumulated through the growing season

rain_total_on  (cm day-1)  Canopy_environment

rainfall on a specified day

.read_cultivation_event  Management

read details of event from cultivation_file

.read_fertilization_event  Management

read details of event from fertilizer_application_file

.read_irrigation_event  Management

read details of event from irrigation_file

.read_spray_application_event  Management

read details of event from spray_application _file

Real_value


class containing arrays of diurnal values of environmental variables, eg temperature

rem_n_supply  (g N)  Allocation


nitrogen remaining after allocation to grow organs on the plant

.remove_at (index)  CPMCollection 

removes the item at the index position

.renumber(int)  CPMCollection 

renumber the indices for items in a CPMCollection
.reset_accumulators  Plant

resets various accumulators used in carbon control

.reset_management  Simulation_controller

resets the Boolean variable management to false and clears associated variables

.reset_parameters  Crop_canopy

resets various parameters

.reset_trans_accumulators Crop_canopy

resets various accumulators used in water uptake control
return (attribute name)


returns the value of the attribute requested

return_on_lint  ($ lb-1 lint) Economics
Root


class containing information about root growth

root_c  (g C plant-1 day-1)  Allocation

carbon allocated to the taproot and fibrous roots during this day

root_c_supply  (g C plant-1  day-1)  Allocation

carbon allocated to the fibrous roots during this day

root_c_supply_for_h2o  (g C day-1)  Allocation

carbon allocated during this day to the fibrous roots responsible for water uptake

root_c_supply_for_n  (g C day-1)  Allocation

carbon allocated during this day to the fibrous roots responsible for nutrient uptake

root_growing_time  (hr)  Crop_canopy

hours during day when shoot cannot grow, so roots get all carbon available

.root_growth  Soil_environment

calculate root growth for this time step

.root_water_uptake  Soil_environment

calculate root water uptake

row_orientation  (degrees)  Spatial_configuration

crop row orientation expressed in degrees East, i.e. clockwise, from North

row_spacing  (cm)  Spatial_configuration
.run  Simulation_controller

starts the simulation running

running_average_temp  (°C)  Canopy_environment
saturation_vapor_pressure_at_air_temp  (kPa)  Weather_station_environment
seasonal_fert  (kg ha-1)  Management

nitrogen added in fertilizers before and during the growing season

seasonal_intercepted_radiation  (W m-2  soil) Crop_canopy

solar radiation summed over theseason

seasonal_irr  (cm)  Management

water applied to the soil in irrigations over the season

seasonal_rainfall  (in) Weather_station_environmet

rainfall summed over the season

seasonal_solar_radiation  (MJ m-2) Weather_station_environmet

solar radiation summed over theseason

seasonal_trans (cm)  Crop_canopy

actual transpiration rate summed over the season.  

[Seed    NOT YET IMPLEMENTED


class containing information about the seeds in each fruit]

self_sufficient  Leaf


Boolean variable.  true = the leaf is self sufficient

.senesce_leaves  Crop_canopy


calculate reduction in photosynthesis rate caused by senescence of fully exposed leaves

senescence_factor  (ratio)  Crop_canopy


reduction in photosynthesis rate caused by senescence of fully exposed leaves

.set_(attribute name)  some objects

sets the value of the attribute named. 

.set_branch_present  Nodal_unit


sets the Boolean variable branch_present to true

.set_date  CPMDate


assembles the character strings for month, day and year

.set_development-stage  Shoot-organ

sets the development stage of the organ

.set_first_flower_day  Plant


records the day_of_first_flower for subsequent printing in Output

.set_fruit_present  Nodal_unit; Fruiting_nodal_unit


sets the Boolean variable fruit_present to true

.set_first_square_day  Plant


records the day_of_first_square for subsequent printing in Output

.set_index  CPMCollectable

sets the index of the item in the collection 

.set_leaf_present  Nodal_unit


sets the Boolean variable leaf_present to true

.set_next  CPMCollectable

sets the pointer to the next item in the collection 

.set_marked_for_abscission  Leaf


sets the Boolean variable marked_for_abscission

.set_previous  CPMCollectable

sets the pointer to the previous item in the collection 

.set_supply_demand  Shoot_organ

sets the supply/demand ratio for the organ to control its growth

.set_surface  Soil_environment

calculate water evaporation from the soil surface for this time step

Shoot_organ


superclass containing information common to all shoot organs

Simulation_controller


class that controls the entire simulation run

size  CPMCollection

number of items in the collection

slope_of_svpa_on_temp  (kPa °C-1)  Weather_station_environment; Canopy_environment
 
slope of saturation vapor pressure on temperature at the current temperature

soil_chemistry_file  Simulation_controller
Soil_environment


class containing information about the soil environment in two dimensions

soil_hydrology_file  Simulation_controller; Grid
SoilNitr


class containing information about nitrate movement in soil

solar  (Joules m-2 day-1)  Weather_station_environment

solar radiation integral for day being simulated

solar_declination  (radians)  Weather_station_environment
solar_langleys  (Langley ) Weather_station_environment

array of daily solar radiation integrals for the year

solar_radiation  (W m-2 ) Weather_station_environment; Canopy_environment
solar_radiation_integral  (Joules m-2 day-1)  Weather_station_environment

Solute


class containing information about solute movement in soil

solute  CPMsolute

solute considered in the model:


solute [1] = nitrate (g N cm-3)

.solute_mover  Soil_environment

calculate solute movement in the soil for this time step

solutes  Irrigation 

CPMCollection  of pointers to solutes in the irrigation water

.solute_uptake  Soil_environment

calculate solute uptake by the plant this time step

.sort_events  Management

sorts management_events into date order using a bubble sort

spare_c_cap  (g C)  Allocation

additional carbon required to bring c_pool up to c_pool_max

Spatial_configuration


class that knows how the crop is distributed over the surface of the field

spray_application_file  Simulation_controller; Management; Fertilization

name of the spray application data input file

square  CPM_defs

cotton flower bud.  See also fruit_stage

square_dry_weight  (g)  Plant

dry weight of squares on the plant

Stem


superclass containing information common to all stems

stem_base_weight-function  (g cm-1)Plant

weight per unit length of stem at the base of the mainstem

stem_weight_param  Cultivar

cultivar parameter to adjust weight of stem per unit height; used in Internode

.step  Timer

move time forward one time step

step_size  (hr)  Simulation_controller; Timer


Size of time step used during the model run

steps_per_day  Timer
step_temperature  (°C)  Weather_station_environment

air temperature in the middle of the current time step

stomatal_conductance  (mol air m-2 crop s-1)  Crop_canopy

= MIN (stomatal_conductance_co2, stomatal_conductance_h2o).

.stomatal_limitations  Plant

calculate stomatal conductance for the most limiting factor, and actual rates of 
photosynthesis and transpiration as limited by stomatal conductance.

stomatal_sensitivity_factor  (dimensionless)  Crop_canopy
factor k in the Ball, Woodrow, Berry model (Progress in photosynthesis research 4:221-224, Nijhoff, Dordrecht, Netherlands, 1987)

sum_act_h2o_up (g H2O m-2 crop day-1) Crop_canopy

actual transpiration rate summed over each time step of the day.  

sum_actual_photosynthesis  (mg CO2 m-2 crop day-1)  Plant

actual photosynthesis rate summed over each time step of the day

sum_file  Simulation_controller

name of the summary output file

sum_grow_temp  (°C)  Internode, Leaf

mean daily canopy temperature summed over the life of the organ

sum_messages  Simulation_controller

CPMCollection  of messages to be sent to the summary output file, when it is printed

sum_potential_photosynthesis  (mg CO2 m-2  crop day-1)  Plant

potential photosynthesis rate summed over each time step of the day.  

sum_pot_h2o_up (g H2O m-2 crop day-1) Crop_canopy

potential (Penman) transpiration rate summed over each time step of the day.  

sum_pot_trans (g H2O m-2 crop day-1) Crop_canopy

potential (Penman) transpiration rate summed over each time step of the day.  

sum_stream  Output


output file stream for the summary output file (.sum)

sunrise  (hr)  Weather_station_environment

time of sunrise for day being simulated

sunset  (hr)  Weather_station_environment

time of sunset for day being simulated

sunset_temp  (°C)  Weather_station_environment
sunset_temp_yesterday  (°C)  Weather_station_environment
Surface


class containing information to generate surface configuration required in soil grid

surface_shape_file  Simulation_controller; Grid

name of the surface shape data input file

supply_demand  (ratio)  Fruiting_point

dry matter supply/demand ratio, used to limit growth in size and weight

.swap(index1, index2)  CPMCollection 

swap the CPMCollectables at index1 and index2 

.synchronizer  Soil_environment

synchronize the various methods in the soil model

systemic_chemical_applied  Plant

Boolean variable.  true = an application of a systemic chemical has occurred

.systemic_chemical_concentration  Plant

daily recalculates the concentrations of systemic chemicals in the plant

tab_file  Simulation_controller

name of the table output file

.Tabintrp (x,y,z,a)  Soil_environment

perform linear interpolation in a table of values

tab_stream  Output


output file stream for the table output file (.tab)

Taproot


class containing information about the taproot

taproot_length  (cm)  Taproot
taproot_supply_demand  (ratio)  Allocation

dry matter supply/demand ratio for the taproot, used to limit growth in weight.

taum  Crop_Canopy

parameter in the calculation of canopy_co2_conductance

taun  Crop_Canopy

parameter in the calculation of canopy_co2_conductance

.test_self_sufficiency  Leaf

tests to see if the leaf is self-sufficient 

temik_concentration  (g g-1 plant dry matter)  Plant

concentration of temik in plant tissue

temik_content  (g plant-1)  Plant

total amount of temik in plant tissue

temp


abbreviation for temperature NOT temporary

temperature  (°C)  Weather_station_environment

air temperature at the weather station for the time requested

temperatures  (°C)  Canopy_environment 

CPMCollection  of diurnal values of canopy temperature

Timer


class that controls the progress of the model run through time

t_max_on(day)  (°C)  Weather_station_environment

maximum temperature on the day specified

t_max_temp_F_on(day)  (°F)  Weather_station_environment

maximum temperature on the day specified

t_min_on  (°C)  Weather_station_environment

minimum temperature on the day specified

t_min_temp_F_on  (°F)  Weather_station_environment

minimum temperature on the day specified

tmin_tomorrow  (°C)  Weather_station_environment

minimum temperature tomorrow, ie the day after the one currently being simulated

tno3  (lbs acre-1 -> g cm-2)  Simulation_controller

residual nitrogen in form of nitrate in soil at start of season  

tnh4  (lbs acre-1 -> g cm-2)  Simulation_controller

residual nitrogen in form of ammonium in soil at start of season  

total_abscised_bolls  Plant

total number of bolls that have abscised from the plant

total_abscised_squares  Plant

total number of squares that have abscised from the plant

total_bolls  Plant

total number of bolls on the plant

total_dry_weight  (g)  Stem; Nodal_unit

total shoot dry weight

total_fert_cost  ($ acre-1)  Management

total cost of all fertilizer applications for the season

total_flowers  Plant

total number of flowers on the plant

total_fruiting_nodes  Plant; Stem; Nodal_unit; Fruiting_nodal_unit

total number of fruiting nodes on the plant

total_green_bolls  Plant; Development

total number of green bolls on the plant

total_irr_cost  ($ acre-1)  Management

total cost of all irrigations for the season

total_leaf_area  (cm2)  Plant; Stem; Nodal_unit; Fruiting_nodal_unit; 


Vegetative_nodal_unit

total area of leaves on the plant or plant part under consideration

total_leaf_count  Plant; Stem

total number of leaves on the plant

total_nodes  Plant; Stem; Nodal_unit; Fruiting_nodal_unit

total number of nodes on the plant

total_n_to plant (g N plant-1)   Plant

total nitrogen available to the plant for growth during the day currently being simulated

total_open_bolls  Plant

total number of open bolls on the plant

total_spray_cost  ($ acre-1)  Management

total cost of all spray applications for the season

total_squares  Plant

total number of squares on the plant

.translate_method  Management _event

translates the single character representing a method into a word or phrase

type  Management _event

type of management event

unit_cost_acre  ($ acre-1)  Fertilization; Spray_application; Management_event

cost of the application including material, machinery, fuel, and labor.

unit_cost_inch  ($ in-1)  Irrigation; Management_event

cost of applying each inch of water including water, machinery, fuel, and labor.

.update  many objects

calculate changes in the object for this timestep

.update_plantmap  Simulation_controller

update plant map for this timestep

.update_quantities  Plant

calculate changes in the quantities for this timestep

up_number  See location_on_plant

value (depends on variable stored)  Real_value

value of an environmental variables, eg temperature, for current time step.

vapor_pressure_deficit  (kPa)  Weather_station_environment; Canopy_environment
veg_c_ratio  (ratio)  Allocation

c_supply/c_demand ratio for vegetative tissues

Vegetative_branch


class containing information about a vegetative branch

vegetative_branch_nodes  Plant; Stem


number of vegetative branch nodes on the plant

Vegetative_nodal_unit


class containing information about a fruiting nodal unit

veg_n_content (g N plant-1)  Plant

nitrogen content of leaves and stems

veg_n_deficit  (g N plant-1)  Plant

the deficit of nitrogen in leaves and stems

veg_n_fixed (g N plant-1)  Plant

nitrogen content of leaves and stems that is not readily retranslocated

veg_n_mobile (g N plant-1)  Plant

nitrogen content of leaves and stems that may be retranslocated on demand

veg_node_production_rate_param Cultivar

cultivar parameter to adjust rate of appearance of vegetative nodes; used in Development

veg_n_ratio  (ratio)  Allocation

n_supply/n_demand ratio for leaves and stems

veg_n_stress (ratio)  Plant

actual nitrogen content of leaves and stems/typical (desired) nitrogen content

veg_supply_demand  (ratio)  Allocation

dry matter supply/demand ratio for leaves and stems, 


used to limit growth in size and weight

vapor_pressure_deficit  (kPa)  Weather_station_environment
Water


class containing information about water movement in soil

.water_limitations  Shoot_organ

determine if and how much water supply limits growth of the organ

water_limit_flag  Crop_canopy

Boolean variable.  true = water supply from root is limiting stomatal conductance

.water_mover  Soil_environment

calculate water movement in the soil for this time step

.water_stress  Plant;

convert potential transpiration rate to units needed in 2DSOIL

water_supply_demand  (ratio) Crop_canopy

water supply from roots / whole plant water demand for the day

[water_use_efficiency  (g CO2 g-1 H2O)  Crop_canopy  NOT IMPLEMENTED YET


actual net photosnthesis rate/ actual transpiration rate.]

water_vapor_pressure  (kPa)  Weather_station_environment; Canopy_environment
Weather_station_environment


class containing information about the weather station environment

weight_on_day  (g)  Stem
wf  (in -> cm)  Grid

mean width of furrow between rows

wind_run  (km hr-1) Weather_station_environment ;Canopy_environment

wind run for the day

wind_run_mpd  (miles day-1)  Weather_station_environment

an array of daily values of wind run for the year

wind_run_mpd_on(day)  (miles day-1)  Weather_station_environment

wind run on the day specified

wind_run_on  (km hr-1)  Weather_station_environment; Canopy_environment

wind run on the day specified

wr  (in -> cm)  Grid

mean width of ridge under plant

wrn_file  Simulation_controller

name of the warning output file

wtr_file  Simulation_controller

name of the water output file

wtr_stream  Output


output file stream for the water output file (.wtr)

xmax  (in -> cm)  Grid

maximum depth of layer in soil grid (determines grid spacing)

year  Timer; CPMDate; Simulation_controller
year_string CPMDate

year as a character string

yesterdays_ n_to_c_ratio  (ratio) Allocation

ratio in which nitrogen and carbon were used to build new plant tissue yesterday

ymin  (in -> cm)  Grid

minimum width of column in soil grid (determines grid spacing)

young_green_boll  CPM_defs

green boll < halfway between anthesis and mature boll.  See also fruit_stage

.y_to_str  CPMDate


converts year number to a character string
Dictionary for 2DSoil

?Area[i]  Global


area of cell [i]

CodeW[i] Water

boundary code for node [i]:


0 = non-boundary node


1 = water standing on the surface


+2 = node at base of profile from which seepage is ocurring


-2 = unsaturated base node - no seepage


-3 = node at base of profile from which free drainage is ocurring,



i.e. gravity flow proportional to hydraulic conductivity


+4 = soil surface node with net water infiltration ocurring


-4 = soil surface node with net evaporation ocurring

Con[i] (g H2O cm-2 day-1)  Water

hydraulic conductivity of water in cell [i]

?Conc[i]  Global

concentration of solute at node [i]

Cond[i] (g H2O cm-2 day-1)  Water

hydraulic conductivity of water in cell [i]

Cprec[j]  (g element cm-3)  Surface

concentration of element [j] in solution in irrigation water

?cSink[i]  Global

maximum extractable concentration of solute at node

ESO  (g H2O m-2 hr-1 -> g H2O cm-2 day-1)  Surface

potential water evaporation rate from exposed surface soil cells

FH(a,Par)


method for converting pressure head a into the equivalent water content

fs  Surface

shaded fraction of each surface soil cell

FQ(a,Par)


method for converting available water content [a] into the equivalent pressure head

?ha[i]  (cm)  Water

absolute value of lower limit of the pressure head interval for which a table of hydraulic 



properties will be generated internally for each material 



(must be greater than 0.0, e.g. 0.001 cm)

?hNew[i]  (cm H2O)  Global

current water pressure head at node [i]

?hOld[i]  (cm H2O)  Water

previous water pressure head at node [i]

?iFavRoot[i]  Global

array of cell numbers from the best to the worst for conditions for root activity

?IJ  Grid

maximum number of nodes on any horizontal grid line

?KodObj[i]  Global

array of codes corresponding to modules.  Code is zero if module does not participate in 



calculation

?KX[i][j]  Global

array containing the numbers of corner [j] numbered counter-clockwise for cell [i]

?KXB[i]  Global

array of sequential numbers of boundary nodes

m_Q[i]  (g H2O day-1)  Water

net rate of water loss that would occur from cell [i] if it were fully exposed

?NMat  Water

number of layers of different soil materials

?NPar  Water

number of parameters used to describe soil hydraulic properties 



( =9, in Van Genuchten's model)

?NumBP  Grid

number of boundary nodes for which boundary conditions are prescribed

?NumEl  Grid

number of elements in the soil profile (may be rectangular or triangular)

?NumNP  Grid

number of nodes in the soil profile

?Par[i][j]  (various)  Water

soil hydraulic property parameter [i] for material [j]

?PSIS[i]  Global

pressure head averaged over cell [i]

?Q[i]  Global

discharge rate for node [i]

Q[i]  (g H2O day-1)  Water

net rate of water loss from cell [i]

?Qxc[i]  Global

oxygen concentration in the soil air at node [i]

?Real[i]  (cm)  Water

absolute value of upper limit of the pressure head interval for which a table of hydraulic 



properties will be generted internally for each material (e.g. 100 cm).  

?Resp[i]  Global

root respiration rate in cell [i]

?RGCF[i]  Global

root growth reduction factor for cell [i]

?RTWT[i]  (g)  Global

dry weight of root in cell [i]

?RUTDEN[i]  Global

density of root in cell [i]

?Shoot[i]  Global

array of variables reflecting plant aboveground development????

?Sink[i]  Global

water extraction rate averaged over cell [i]

?Step  Global

size of current time step

?ThNew[i]  (g H2O)  Global

volumetric water content at node [i]

?Tmpr[i]  (°C)  Global

temperature at node [i]

?Tol[i]  (cm)  Water

absolute pressure head tolerance

VarBS[j][i]  (g element cm-3)  Surface

concentration of element j in solution in irrigation water added to cell [i]

VarBW[0][i]  (g H2O cm-2 day-1)  Surface

rate of rainfall + irrigation on node [i]

VarBW[1][i]  (g H2O cm-2 day-1)  Surface

rate of water evaporation from node [i]

VarBW[2][i]  (g H2O cm-2 day-1)  Surface

net rate of water loss from node [i] = VarBW[1][i] - VarBW[0][i]

?vx[i]  ()  Global

horizontal (water) flux at node [i]

?vy[i]  ()  Global

vertical (water) flux at node [i]

?Width[i]  ()  Global

array of cell widths corresponding to nodes listed in the KXB array

?x[i]  ()  Global

horizontal coordinate of node [i]

?y[i]  ()  Global

vertical coordinate of node [i]

?YRL[i]  (cm )  Global

length of young root in cell [i]
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