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Instructions for estimating yield and nitrogen fertiliser requirements using the Generic Yield and N Calculator

This document runs through the process of opening and inputting data into the model to estimate an N fertiliser requirement.  All parameters included in the model are described and the equations associated with the various calculations are presented.  The latest version of the model can be downloaded from http://www.clw.csiro.au/products/ncalc.
1) Opening the spreadsheet.

The spreadsheet containing the model runs in Microsoft Excel.  You must have a copy of Microsoft Excel to be able to use the calculator.  When you open the calculator you will be asked whether or not to enable macros.  Select “Enable Macros” from the three options provided.  This allows the various drop down lists, sliding bars and calculations within the model to function correctly.

2) The model will open on the Introduction page.  This page provides contact details for the author of the model.

3) Select the Calculator page to use the model.  Values must be entered into all of the greyed cells on this page for the model to work correctly.  The values contained in the Soil Data Lookup Table and the Crop Data Lookup Table can be modified to suit specific regions.  However, these values should only be modified if the user is confident that the existing values are not appropriate.  The one exception to this is the average district yields in the Crop Data Lookup Table that must be altered to region (district) specific values.

Information pertaining to each variable and the calculations used in the model can be obtained by passing the pointer over the small red triangle at the top/right of each cell where data is to be entered or calculations are performed.  This information is also presented below with additional comments and all equations.  

To use the model progress through the following steps:

a) This year's crop:  Select the crop to be grown this year from the drop down list.  Only the crops indicated can be selected.

b) Last year's crop:  Select the crop grown last year from the drop down list.  Only the crops/pastures indicated can be selected.

c) Annual rainfall (mm):  Enter average annual rainfall in millimetres.  Selecting the Help link brings up the Rainfall Record page in which long term monthly rainfall data can be stored for use by the model.  The Rainfall Record page also provides an area to input current season rainfall values for use later in the model when predicted yields and N requirements are reassessed.

d) April to October rainfall (mm): Enter average growing season rainfall in millimetres.  Selecting the Help link brings up the Rainfall Record page in which long term monthly rainfall data can be stored for use by the model.  The Rainfall Record page also provides an area to input current season rainfall values for use later in the model when predicted yields and N requirements are reassessed.

e) Texture class:  Select the textural class from the drop down list that best describes the dominant type of soil in the paddock or management area within a paddock.

f) Soil organic C content (%) of 0-10 cm layer:  Enter the organic carbon content of the 0-10 cm soil layer derived from laboratory analysis.  This values is used to define the amount of soil organic N that mineralises and the amount of N that mineralises or is immobilised from the previous year's stubble.  A value must be entered for this parameter.  If no measured value is available, an estimated value must be entered.

g) Total soil N content (%) of 0-10 cm layer:  Enter the total N content of the 0-10 cm soil layer derived from laboratory analysis.  This value used to calculate the C:N ratio of the soil if it has been measured.  If a measured value is not available, leave this area blank and an N content will be estimated based on the soil textural class and the associated soil C:N ratio.

h) Soil C/N ratio:  This value is calculated from the measured organic C and total N contents of the 0-10 cm soil layer if they are both available. Otherwise, it is obtained from the Soil Data Lookup table based on the value assigned for texture class.

i) Bulk density (g/cm3): Bulk density derived from the Soil Data Lookup Table based on the assigned value of textural class.  If a known value has been determined it can be entered into cell E26, and it will be used instead of that derived from the lookup table.

j) Total porosity (cm3/cm3):  This variable is not required at this stage in the model development.  Total porosity is calculated from bulk density using Equation [1]

.
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k) Rooting depth (cm):  This variable is not required at this stage in the model development.  However, it has been retained to remind the user to recognise what depth of soil exists and potentially what limitations this may impose.

l) Lower limit of available water (mm):  Measured amount of water the soil profile (0 - rooting depth) after harvest.  This value should be based on several years of sampling after good crops that have yielded close to their water limited potential values.  It is also important to ensure that no recent rains (last 2 weeks) have fallen prior to collecting the samples. See Help link for a description of how to sample the soil and determine the amount of water present.

m) Total water in soil at sowing (mm):  Measured amount of water in the soil profile (0 - rooting depth) prior to sowing (near the beginning of April).  See Help for description of how to sample the soil and determine the amount of water present.

n) Available stored soil water at sowing (mm): Calculated as the difference between the lower limit of available water and the total water present in the soil at sowing (Equation [2]

).
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o) Total growing season available water (mm) or Potentially available water (mm):  The amount of water that is potentially available to the crop (PAW) is the sum of the average growing season rainfall (GSR) input previously and the plant available stored soil water (ASSW) in the soil profile at sowing (Equation [3]

).
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p) Potential Grain yield (kg/ha)  Potential grain yield is calculated assuming the only limitation to yield is the availability of water.  The following steps are incorporated into this calculation:

1) Intercept in WUE relationship (mm)  The value of the intercept in the water use efficiency relationship is extracted from the Crop Data Lookup Table for the crop selected.

2) Slope of WUE relationship (kg grain/mm)  The value of the slope in the water use efficiency relationship is extracted from the Crop Data Lookup Table for the crop selected.

3) Potential grain yield (kg/ha)  Potential grain yield is calculated using the potentially available water (PAW) and the slope and intercept of the water use efficiency relationship according to equation .
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4) Nominated yield (kg/ha)  A nominated grain yield must be entered.  This can be the potential yield calculated by the model, a lower yield, or a higher yield depending on the risk the user wants to take.  By increasing yield above that estimated by the model, a more intensive strategy with a greater amount of risk is accepted.  Associated with this higher level of risk is the potential to input more resources (fertiliser N) than is required by the crop and to also increase the potential for pinched grain with high protein contents due to a haying off of the crop.  By reducing yield below that estimated by the model, a more conservative and risk adverse strategy is accepted.  The trade off is that in the more conservative strategy, there is less opportunity to capitalise on the benefits associated with a good growing season rainfall.  This value can also be used to alter the potential yield to a value that is thought to be more realistic for the paddock being considered.

5) % of potential yield  Based on the nominated and potential grain yields, the % of potential yield is calculated (Equation [5]

).  If this value is <75% or greater than 125%, the value used for the nominated grain yield should be reconsidered.



[image: image5.wmf]Nominated grain yield (kg grain/ha)

% of potential yield100

Potential grain yield (kg grain/ha)

=´


 MACROBUTTON MTPlaceRef \* MERGEFORMAT [5]

q) Amount of N required to attain the targeted yield and protein values is then calculated 

1) Nominated grain yield (kg/ha)  Copied from the value described previous.

2) Nominated grain protein (%)  A target protein content (%) for the grain to be produced must be entered.

3) Protein to N conversion (kg grain protein/kg grain N)  This is a constant extracted from the Crop Data Lookup for the crop being grown.

4) N Harvest Index (kg grain N/kg total shoot N)  This is a constant extracted from the Crop Data Lookup for the crop being grown.

5) Nitrogen use efficiency (kg total shoot N/kg available N)  This is a constant extracted from the Crop Data Lookup for the crop being grown.

6) N required for targeted grain yield and protein (kg N/ha)  This value is calculated according to Equation [6]

 and represents the total amount of N that needs to be present in the soil/plant system for the selected crop to attain the nominated yield with targeted protein content.
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r) Soil derived N.  Once source of N required by plants can be derived from the soil.  The model requires values for the amount of N present in the soil profile at sowing and the amount of N mineralised from soil organic matter over the growing season.
1) Presowing inorganic N (kg/ha).  The amount of soil mineral N (ammonium-N + nitrate-N) in the root zone must be entered.  Use the Help link to get further information on how to sample and record data.  If the amount of presowing inorganic N was not measured, then it must be estimated.  If a value is not entered then the prediction of fertiliser N requirement will be in excess of that actually required.  If a soil test value is available, it is usually presented in units of mg N/kg soil.  To convert this value to kg N/ha use Equation [7]

.
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2) Assumed percentage of N that mineralises.  During the growing season, soil microorganisms will mineralise N as they break down the organic materials present in the soil.  This N is then available for plant uptake.  The approach taken to estimate the amount of N that can be mineralised is to assume that a given percentage of the total N present in the soil will mineralise over the growing season.  In this calculator the percentage of total N that will mineralise has been set to 3%.  If N mineralisation is suspected to be larger or smaller than the derived values, this rate can be increased or decreased accordingly.  The value of 3% is intermediated between values currently used in other calculators and models (Payne and Ladd calculator uses a value of 5% based on available documentation, Angus 2001  AJEA 41 277 used a value of 2%, Xu et al AJSR 1996 34 937,  3.4% under short laboratory optimum conditions)

3) In season N mineralisation (kg N/ha).  The amount of N that mineralises from soil organic matter during the growing season is calculated using Equation [8]

.
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4) Additional N from previous crop residues.   The influence of stubble derived from the previous growing season must also be considered.  Stubbles with large C/N ratios (e.g. cereal residues) immobilise N as they decompose; whilst, stubbles with a small C/N ratio (e.g. legume pasture residues) release N during decomposition.  By using an N balance approach and forcing the stubble that remains after one year to attain a C/N ration similar to that of the soil, the impact of previous crop residues on N release or tie up can be estimated.  To complete this calculation the following steps are required:

a. Previous crop/pasture.  Identify the previous crop.  This was done by selecting the previous crop from the drop down list located at the start of the calculator.

b. Previous crop grain yield or total pasture dry matter (kg/ha).  Enter the grain yield or pasture dry matter production for the previous crop/pasture.  

c. Amount of stubble (kg/ha).  In the case of previous grain crops, grain yield is used to calculate the amount of stubble that was produced according to Equation [10]

, the value for harvest index is obtained from the Crop Data Lookup Table.  If grain yield or total pasture dry matter production are not known, then the values in the Average district yields column of the Crop Data Lookup Table are used.
[9]

 and [10]

.  For both equations [9]

.  For previous pasture crops, stubble yield is derived using Equation
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d. Proportion of cereal stubble grazed, removed as hay or burnt.  Enter the proportion of the previous stubble that was burnt or removed from the paddock as hay into cell D64.  Make sure to enter the value as proportion.  For example, if 50% of the stubble was burnt, enter a value of 0.50.  (Note: Do not enter a value here to account pasture consumption due to grazing.  This is handled by a calculation in the model).
e. C/N ratio of stubble.  The C/N ratio of the stubble is extracted from the Crop Data Lookup Table.

f. Proportion of stubble that decomposes in first year.  The proportion of stubble carbon that is lost (mineralised to carbon dioxide during decomposition) after one year is entered.  Research studies have suggested that about 70% of the residue carbon is lost during the first year of stubble decomposition.  This value must be entered as a proportion (e.g. 0.70) and not a percentage and can be changed if required.

g. N release from stubble (kg/ha).  The amount of N released from the previous year’s stubble is calculated according to Equation [11]

.  If a negative number is generated, then N will removed from the available pool during decomposition of the stubble.  If the value is positive, a net release of N will occur.
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5) Total N available (kg N/ha).  The amount of N made available to the crop over the growing season is then calculated using Equation [12]

.



[image: image13.wmf]min

Net N 

Mineral NNet effect of

Total soil

 in soil atprevious stubble

over the 

 =

 N supply

sowing on soil N

growing season

 (kg N/ha)

(kg N/ha)(kg N/ha)

(kg N/ha)

++

æö

æöæö

ç÷

ç÷ç÷

ç÷

ç÷

æö

ç÷

ç

ç÷

ç÷ç÷

ç÷

èøèø

èø

÷

èø


 MACROBUTTON MTPlaceRef \* MERGEFORMAT [12]

s) Fertiliser N requirement:: The amount of fertiliser N required to attain the targeted grain yield and protein content is calculated by subtracting the Total N available (kg N/ha) from the N required for targeted grain yield and protein (kg N/ha) according to Equation [13]

.
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Reassessing N fertiliser application rates

Predictions of the amount of N that should be applied to a crop are typically made prior to the start of the growing season using estimates of likely growing season rainfall.  It is probable that the actual amount of growing season rainfall received will be different from that used in the model to derive the N fertiliser requirement.  As a result, it is important to reassess the amount of fertiliser N applied to define whether or not the growing crops could potentially benefit from the application of additional fertiliser N.  Ideally this calculation should be completed sometime in late August to early September.  The reassessment would also prove useful for where a split application of N fertiliser is being considered.  The reassessment will allow the amount of fertiliser N used in the second application to be better matched to crop demand based on the amount of water that has been made available to the crop over the first part of the growing season.

The process for completing the calculation involves answering the following three questions:

a) How has the season been so far in terms of the amount of rainfall you have received?  Are you on track for a low, normal or high growing season rainfall?

b) Based on actual growing season rainfall received, do you need to revise the water limited yield potential and grain protein levels you used to define N requirements prior to sowing?

c) Have you added enough fertiliser N to achieve the revised yield and protein targets?

To perform this calculation, the lower area of the calculator page entitled Reassessing N fertiliser requirement in August - September is used.

Note: For the reassessment part of this spreadsheet to work correctly, it is critical that the first section of the calculator used to make the initial estimate of N fertiliser requirement is completed.

1) Revision of targeted grain yield and protein
a) Measured growing season rainfall received to date (mm).  Enter the actual amount of growing season rainfall received up to the date when the reassessment is being completed.  This value can be obtained from cell C19 on the Rainfall Record page of the calculator if rainfall data has been entered into this page throughout the growing season.

b) Average rainfall for the rest of the growing season (mm).  Enter the average amount of rainfall that is likely to fall for the remainder of the growing season.  If the Rainfall Record page has been filled in, this value can be obtained from Cell B21 on the Rainfall Record page if the date of reassessment is near the beginning of August, otherwise use the value from Cell B22 in the Rainfall Record page if the reassessment date is near the beginning of September.

c) Total growing season water (mm).  Calculated by adding the amount of water present in the soil near April 1 (as entered into the first part of the calculator) to the measured growing season rainfall and  the amount of rainfall expected for the remainder of the growing season.  This value is used to recalculate the potential grain yield and produce a revised potential grain yield more indicative of the rainfall that fell through the first part of the growing season.

d)  Revised potential grain yield (kg/ha).  Calculated according to Equation [14]

 which uses the actual growing season rainfall received up to the date when the calculation is made along with the water contained in the soil prior to sowing and the amount of rainfall expected for the remainder of the growing season.  The slope and intercept factors are taken from the Crop Data Lookup Table.
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2) N requirement for revised yield.  The amount of N that is required to meet the revised target yield and protein content is then calculated

a) New target yield (kg/ha).  A new target yield must be entered for the reassessment to work.  The Revised potential grain yield (kg/ha) gives an estimate of the potential grain yield under the conditions of the growing season experience so far.  At this point several options exist to modify enter a new target yield: 1) the revised grain yield can be accepted and entered, 2) the original grain yield can be retained and entered, or 3) some other value between the two can be entered.

b) New target protein (%).  A value must be entered into for the reassessment to work.  The value used in the initial calculation can be entered or a revised value can be entered. The new grain protein is used with the new grain yield to calculate a revised N requirement.  

c) Protein to N conversion factor (kg grain N/kg grain protein).  This is a constant extracted from the Crop Data Lookup for the crop being grown.

d) N Harvest Index (kg grain N/kg total shoot N).  This is a constant extracted from the Crop Data Lookup for the crop being grown.

e) Nitrogen Use Efficiency (kg total shoot N/kg available N).  This is a constant extracted from the Crop Data Lookup for the crop being grown.

f) N required for revised yield and protein (kg/ha).  The N required to obtain the new target yield and protein values is calculated according to Equation [15]

.
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3) Amount of N derived from the soil and applied fertiliser.  The amount on N present in the soil and derived from fertilisers applied to the crop prior to reassessing the N requirement must be determined

a) Soil N  (kg N/ha).  This value is obtained directly from the calculator section used to make an initial estimate of fertiliser N requirement.  It is equivalent to the sum of the N contained in the soil profile at sowing, the N mineralised from soil organic matter over the growing season, and the N released or taken up by the previous crop residues.

b) Applied fertiliser N (kg N/ha).  Enter the amount of N that has already been applied to the crop prior to completing the reassessment.  Include any N applied just prior to sowing, N applied at sowing, and any N applied post sowing.

c) Total soil and fertiliser N (kg N/ha).  The total amount of N that has or will be made available to the crop is calculated according to Equation [16]

.
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4) Additional fertiliser N required (kg N/ha).  By then subtracting the Amount of N derived from soil and applied fertiliser (N/ha) from the N required for revised yield and protein (kg/ha), an indication of whether the crop would benefit from an application of additional N is obtained (Equation [17]

).  If a negative value is obtained, enough nitrogen is present to satisfy the nitrogen requirements of the revised yield and protein targets.  If a positive value is obtained, the crop could benefit from an application of additional N up to that indicated.



[image: image18.wmf]Fertiliser N N required for targetTotal 

N supply

 =

requirement grain yield and proteinfrom 

soil

(kg N/ha)(kg N/ha)(kg N/ha)

-

æöæöæö

ç÷ç÷ç÷

ç÷ç÷ç÷

èøèøèø


 MACROBUTTON MTPlaceRef \* MERGEFORMAT [17]






















[image: image20.wmf]_1125232272.unknown

_1125234437.unknown

_1125304317.unknown

_1125305924.unknown

_1125306624.unknown

_1125294664.unknown

_1125294758.unknown

_1125233388.unknown

_1125234421.unknown

_1125233301.unknown

_1125230506.unknown

_1125231321.unknown

_1125232095.unknown

_1125230828.unknown

_1125228735.unknown

_1125229063.unknown

_1125226692.unknown

