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In summary

• See tables in the review...
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Model aided phenotyping

• Before:
– Target environments (GIS link)
– Plan & control experiments (pre- and within 

season follow up): reproducibility

• After:
– Understand & analyze in more detail the 

underlying mechanisms
– Refine experiments (“moderate” drought & 

“pre-conditioning” & repeated drought &...)
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e.g. Planning

• Sometimes, for the most common 
traits, no good phenotypic 
clustering: 

– Due to lack of genotypic difference???
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– ...or due to a lack, or lack of homogeneity or 
lack of control of  drought intensity? 

– ���� with the modeling tools: make sure your 
drought stress treatment is a proper one. 
(planning, control & optimization )



e.g. Planning

• Over-irrigation = 
anaerobic conditions…
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• Mechanisms ? 
– Yield =  WU * WUE * HI

– Analyze soil water balance
� E (evaporation)
� T (transpiration)
� Runoff
� Deep percolation

Crop water productivity modeling: WHY?
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� Deep percolation
� ∆ SWC

– Derive types of water use efficiencies & other 
physiological traits: 
� Y / water applied (irri + rain)
� Y / ETa
� BIO / ETa
� BIO / Ta .... (linearity, C3, C4...)
� Unlink temperature stress (GDD) & water stress
� ...



“Drought” as such, does not exist
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Upcoming chapter with tool-overview
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freeware



Available models: short presentation

• EToCalc: reference evapotranspiration

• Agro-climatology: New Locclim 2.0 (FAO)

• RAINBOW: frequency analysis of climate

• UPFLOW: capillary rise
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• UPFLOW: capillary rise

• AquaStat regional water balance tool

• BUDGET: soil water balance modeling

• AquaCrop: the new crop water productivity 
model of FAO



Drought stress profiling

Historical weather data

FAOCLIM 2
Frequency analysis

Historical monthly precipitation data

Worldwide agroclimatic database

FAOCLIM 2

(≥ 30 years historic data)



Drought stress profiling
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Drought stress profiling
• Drought stress indicator = 1- ETa/ ETc

• Drought stress profile library developed for 9 crops in 17 sites in 3 time frames.
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Wet year Average year Dry year
Initial Stage Development stage Middle stage Late Stag e

Off-Season A
6-Jan 0.56 0.77 0.80 0.60

23-Dec 0.41 0.72 0.88 0.74
20-Jan 0.64 0.76 0.67 0.33

Off-Season B
10-May 0.64 0.79 0.99 1.00
26-Apr 0.44 0.79 0.99 1.00
24-May 0.68 0.78 0.99 1.00

Sowing date
Average water stress during



Rapid Agro-climatic appraisal

Solar Radiation, PAR, 
Net Radiation 
Calculation

Local Climatic Data

Local Calculation for season 

Local Climate 
Estimator

Local 
Climat
ic Data

Calculation for season 
and off- season on MS 

Excel

Indicators Growing period Off-growing Period 
Length (days) 222 143
Rainfall (mm) 777 175

ETo (mm) 812 609
Mean Temperature (°C) 19 19

Maximum Temperature (°C) 25 28
Minimum Temperature (°C) 13 11

Solar Radiation(MJ/m²) 4328 3131
PAR(MJ/m²) 2164 1566

Net Radiation (MJ/m²) 2573 1704


