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ScopeScope
• Crop modelling History
• CANEGRO sugarcane model
• Evolution of a benchmarking tool
• Models as a management tool

• Harvest Planning
• Performance monitoring
• Replant Planning
• Irrigation scheduling



HistoryHistory
• Development started during the 70’s
• Initially of Maize, Wheat, Sorghum
• Development on Sugarcane models began during 

early 80’s
• South Africa – CANEGRO
• Australia – AusCane, Qcane, APSIM
•Many others throughout the world

• Initially a research tool to compliment conventional 
experimentation

• Pressure to use models to assist agri-business
• Development continues today



The CANEGRO crop modelThe CANEGRO crop model

• Developed primarily in South Africa
• International consortium – DSSAT
• Primarily climate-driven
• Features

•Hesketh-McCree RUE-based Carbon Balance
•Water balance – multi-layer single dimension model
•Energy Balance – Sugarcane-specific Penman-
Monteith
•Mechanistic canopy development routine



CANEGRO CANEGRO -- Conceptual BasisConceptual Basis



Model Validation Model Validation –– South AfricaSouth Africa
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Model Validation - Swaziland
•Stress Trial – 4 levels of stress, 4 seasons
•Destructive sampling – 2 monthly intervals and
•Yield at Harvest
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CANEGRO Validation CANEGRO Validation -- InternationalInternational

• 4 sites in Australia
• 1 site in Hawaii



CANEGRO Validation CANEGRO Validation –– Evapotranspiration Evapotranspiration 
EstimateEstimate
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Potential Yield CalculationPotential Yield Calculation
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Water Limited Yield CalculationWater Limited Yield Calculation
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Evolution of a Benchmarking ToolEvolution of a Benchmarking Tool
Step 1 Step 1 –– Potential YieldPotential Yield

• Questions raised regarding performance 
at RSSC, Swaziland during the late 80’s

• 1987/88 season avg yield = 130 t/ha
• 1988/89 season avg yield = 107 t/ha

• Why the big drop?



Season Potential and PerformanceSeason Potential and Performance
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Potential Yield Potential Yield -- Season BenchmarkingSeason Benchmarking
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Evolution of a Benchmarking ToolEvolution of a Benchmarking Tool
Step 2 Step 2 –– Attainable YieldAttainable Yield

• Questions regarding field performance 
comparisons raised

• Potential yield concept able to cope with 
seasonal variability

• Need to consider other agronomic 
constraints

• Led to development of Attainable Yield 
concept



Attainable Yield ConceptAttainable Yield Concept

• Identified the 
soil/ratoon 
interaction as the 
most important 
agronomic 
consideration
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Attainable Yield ConceptAttainable Yield Concept

• Soil/Ratoon matrix combined with other agronomic 
factors in a simple multiplicative model of the form:

• AttYld = PotYld * Soil/Rat fac * Variety fac * Irrig fac

• Eg. Shallow well drained soil, 6th ratoon, NCo376, Drag-
line irrigation system

• AttYld = 140 t/ha/an * 0.94 * 1.00 * 1.00 = 132 t/ha/an



Examples of model use in Examples of model use in 
commercial operations commercial operations ––
CanePro Cane Management CanePro Cane Management 
SoftwareSoftware

1. Harvest Planning and Yield 
Estimates



• Large Estates 
• 3500 ha – 21000 ha
• 100 – 1000 fields
• Supplying 1 – 2 mills

• Complex harvest planning decisions

• Need for accurate estimates
• Usually majority or only mill supply
• Implications for season start and duration

• Need for in-season revision of estimate

The ProblemThe Problem



Estate Practice Estate Practice –– Prior to CaneProPrior to CanePro

• Estimate largely based on 5-year mean productivity

• Realise the effect of age and climate on yield but 
unsure how to incorporate into early estimates

• Rely on Section Managers subjective yield 
assessment

• Yield revisions 2 - 4 times per season



The NeedThe Need
• Easy-to-use harvest planning tool which:

• Is flexible
• Integrates the effect of climate and age on yield
• Provides real-time in-season revisions
• Model inputs simple and easy to obtain

How?How?
• Combine commercially available harvest planning 

engine with a simplified yield simulation model 
and performance ratio concept
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Model ValidationModel Validation
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Step 1Step 1-- Crush ProgrammeCrush Programme



Step 2 Step 2 –– Cutting FrontsCutting Fronts



Step 3 Step 3 –– Field Harvest OrderField Harvest Order
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Step 4 (contd...) Step 4 (contd...) –– Harvest PlanHarvest Plan



Estimate DetailEstimate Detail



AdvantagesAdvantages
• Flexibility

• Harvest date and estimate re-calculated if field harvest sequence 
changed

• Captures climate and age effects

• Live in-season
• Harvest plan continually updated and estimate refreshed

• Better control of other operations linked to harvest date 
e.g. ripening

• What-if analysis w.r.t. season start and duration



Examples of model use in Examples of model use in 
commercial operations commercial operations ––
CanePro Cane Management CanePro Cane Management 
SoftwareSoftware

2. Performance Monitoring



Performance MonitoringPerformance Monitoring



AdvantagesAdvantages
• Allows for comparisons between/within season

• Allows benchmarking between estates

• Allows benchmarking between different 
environments/countries

• Used to assess manager performance

• Crucial part of replant planning decisions



Examples of model use in Examples of model use in 
commercial operations commercial operations ––
CanePro Cane Management CanePro Cane Management 
SoftwareSoftware

3. Harvest Sequencing



Harvest Planner DevelopmentsHarvest Planner Developments

• Optimise harvest sequence using 
knowledge of sugarcane physiology
• Seasonal growth characteristics
• Seasonal cane moisture profile
• Seasonal cane sucrose curve



Weekly Sucrose % Trend by Variety
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Quickly realised that to optimise Quickly realised that to optimise 
harvest sequence one cannot harvest sequence one cannot 
ignore replanting and the need to ignore replanting and the need to 
accommodate the movement of accommodate the movement of 
fields to be replanted  fields to be replanted  



Examples of model use in Examples of model use in 
commercial operations commercial operations ––
CanePro Cane Management CanePro Cane Management 
SoftwareSoftware

4. Replant Planning



Replant Planning ConceptsReplant Planning Concepts

• Identify fields to be replanted and when over a 
selected number of cutting seasons.

• Identify which varieties should be used to 
replant each field to obtain an ideal variety mix.

• Integrate a knowledge of replant dates into the 
harvest plan to optimise field sequencing over 
the chosen cutting seasons.





Step 1Step 1-- Setup Setup -- SeasonsSeasons



Step 1Step 1-- Setup Setup –– Soil/Ratoon matrixSoil/Ratoon matrix



Step 1Step 1-- Setup Setup –– Variety Quality CurvesVariety Quality Curves



Step 2Step 2-- Field PerformanceField Performance



Step 2Step 2-- Variety ConstraintsVariety Constraints



Step 3Step 3-- Replant PlanReplant Plan



Step 3Step 3-- Long Term Harvest PlanLong Term Harvest Plan



Step 4Step 4-- ScenariosScenarios



AdvantagesAdvantages
• Improves replant field selection decisions

• Place varieties in the right time of the season to optimise 
overall season yield

• Optimise long-term harvest plan to minimize age effects

• Scenarios allow evaluation of decisions on overall sucrose 
yield



Examples of model use in Examples of model use in 
commercial operations commercial operations ––
CanePro Cane Management CanePro Cane Management 
SoftwareSoftware

5. Irrigation Scheduling



Irrigation Scheduling ConceptIrrigation Scheduling Concept

• Water balance

• Soil water concepts

• Estimating components of the water balance
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Soil Water ConceptsSoil Water Concepts
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Estimating components of the Estimating components of the 
water balancewater balance
• Evaporation + transpiration – Potential Et 

calculated using Penman-Monteith

• Soil evaporation calculated separately from 
transpiration

• Rainfall and estimate of net irrigation as 
direct inputs



Soil Evap. as a % of Pot EtSoil Evap. as a % of Pot Et
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Transpiration  as a % of Pot EtTranspiration  as a % of Pot Et
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CWU  as a % of Pot EtCWU  as a % of Pot Et
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TwoTwo––Stage Soil Evaporation ModelStage Soil Evaporation Model
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Transpiration Transpiration –– Thermal TimeThermal Time--based based 
Canopy Development ModelCanopy Development Model
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Field soil detailsField soil details



Irrigation & RainfallIrrigation & Rainfall



Canopy DevelopmentCanopy Development



Water balanceWater balance



Weekly ScheduleWeekly Schedule



AdvantagesAdvantages

• Improve water use efficiency

• Raise awareness of irrigation on the estate

• Improve logistics of water-ordering



ConclusionsConclusions
• Models have the ability to provide 

physiologically based decision-support 
tools to commercial operations

• Allows for wide adoption of new 
technology through client base

• Improve yields through better decisions
• Save costs through better monitoring 

and control
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