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Outline 

1. Evolution of crop-soil-systems models over the 
last Century 

 

2. Patterns of model use: 2000-2015 

 

3. Looking forward ς what real world impact is  
arising from the modelling activity? 

 

 

 

 



Wider system and our focus ǘƻŘŀȅ ΧΦ 

Herrero et al, Science (2010) 



Early efforts to quantify plant growth 
1910 ς 1950 

 
 

The model foundations 



/ƭŀǎǎƛŎŀƭ tƭŀƴǘ DǊƻǿǘƘ !ƴŀƭȅǎƛǎ ƛƴ ǘƘŜ мфнлΩǎ 

1. Early plant physiologists 
¶Gregory 1917 

¶VH Blackman 1919 

¶West et al 1920 

¶Fisher 1921 

¶Briggs 1928 

 

Relative Growth Rate = Net 
Assimilation Rate x Leaf Area 
Ratio 



Advances in quantifying crop canopy process ς мфплΩǎ 

1. Watson (1947) 
¶First used the concept of Leaf 

Area Index (LAI) 

 

 

 

 

2. Monsi and Saeki (1953) 
¶aƻŘƛŦƛŜŘ .ŜŜǊΩǎ [ŀǿ ǘƻ ƳƻŘŜƭ 

radiation capture in crop 
canopies 



Early effort to quantify soil processes 
1910 - 1960 



20th Century soil ς plant science 

1. EJ (Sir John) Russell 
¶1st  Edition in 1912 

¶άIn all ages the growth of 
plants has interested thoughtful 
ƳŜƴέ [and women].  

 

2. Focus was on how plants 
responded to soil processes. 

 

3. 36 chapters in 8th Edition 
(1950) 
¶No integration 

¶No predictive modelling apart 
from Penman 

 



Emergence of dynamic crop models 
1950 ς 1970 

 
1st  Generation Models 



мфрлΩǎ ϧ слΩǎ -  the De Wit contribution 

1. Mathematical analysis 
of complex plant and 
soil processes 

 

2. First dynamic 
mechanistic simulation 
models of canopy 
photosynthesis (1965) 
and crop growth (1968) 

 

Kees (Cornelis) De Wit 



мфрлΩǎ - The van Bavel contribution 

1. 1953 ς was calculating 
daily water balances on 
an IBM machine for 
different regions of the 
USA 

¶One punch-card per 
day! 

 

2. Applied to calculating 
drainage design and 
irrigation requirements 

Cornelius HM van Bavel 
1921 - 2014 



мфслΩǎ - Australian water balance models 
ς R.O. Slatyer et al. 

ü Computer based water 
balance models from 
1962 

 

ü WATBAL operational in 
land and agricultural  
assessment for 
Australian continent 
from 1968 (Nix and 
colleagues) 



мфслΩǎ ŀƴŘ тлΩǎ - The WG (Bill) Duncan contribution 

ü First published model for 
maize in 1967 

 

ü Used an IBM 7044 machine ς 
6 seconds to calculate one 
ŘŀȅΩǎ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ 

 

ü Interested in integration 

ü "one way of putting what we 
know about the parts of a 
system back together to see 
how it functions as a whole" 

 

W.G. Duncan 


