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Dealing with the unpredictable: 
anticipation of drought and salinity stress to 

crops under erratic weather condition 

Sjoerd E.A.T.M. van der Zee (Wageningen University) 

 

Problem definition 

• Project in the context of Knowledge for 
Climate on impact climate change on 
agriculture 

• How to deal with drought and salinity? 

• Weather is poorly predictable! 

• How to predict sustainable agriculture under 
changing climate and erratic weather? 

• Preferably generic, not only NL 
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Drought and Salinity 

                                                                               

Predict: needs a model: 
Conceptual model, 
analytical or numerical of: 

• Water & salt dynamics 
in soil 

 

 

• Yield response to 
drought and salinity 

• Feddes et al. (1977) & 
Maas & Hoffman   
(1977) 
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These functions are challenged 

Overall effect of: 

• Soil 

• Crop 

• Climate 

 

• Unfounded assumptions 

• Permanent exposure! 

• Recovery drought/salt? 

• Validity to generalize?! 

 

 

 

 

 

 

 

Re-assessment of salt 
tolerance functions 

 

what do we gain with new salt tolerance functions? 

Region/ 
Water 
board 

Current        future 
 salt tolerance return 

Change 
returns 
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Approach of predictions 

Consider a rootzone 

+ all fluxes of water 

+ fluxes of salt in water 

 

• Rainfall & irrigation vary 
(erratically) in time 

• This forces erratic 
behavior on water & 
salt dynamics 

 

 

Data availability 

1. Climate/weather data 

 

2. Soil profile data 

 

3. Geohydrology  

 

4. Crop drought & salinity 
data 

 

1. Well available (national 
& world) 

2. Well available (soil 
survey inst.) 

3. Well available (water 
inst.) 

 

4. limited 
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Irregular change of salt mass in 
rootzone under erratic weather 

scenarios 

• Consideration of synthetic (Poisson 
distributed) rainfall: for understanding 

• Consideration of real rainfall records with 
seasonal effects: for real 
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Salinity; 6 groundwater levels 
Poisson or seasonal climate; 2 soils 

 

 

 

 

Vervoort & Van Der Zee, Ecohydr. 2013 

Sodicity: salinity induced soil structure 
deterioration! 

• Quantified by 

• ESP = sodicity 

• ESP = percentage of CEC occupied by Na+ 

• Gapon (nonlinear) exchange 
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Salinity & Sodicity: numerical results 

 

Poisson climate 
• Different rate of 

approach new 
equilibrium 

• Different short term 
variation (buffering) 

• Rate & level depend 
on many properties 

 

 

 

 

 

Mathematical analysis for C and ESP 

• 1st order reservoir 

• 𝑌 𝑡 =
𝑌(∞) 1 − 𝑒𝑥𝑝 −𝑡/𝜏  

 

• 𝜏 for C: pore volume 
root zone, <s> and <L>  

 

• 𝜏 for ESP: same + 
exchange parameters + 
<C> 

 

 

 

• 𝐸 , 𝐿 , 𝑈  from 𝑠 : 
Vervoort & vdZee, 2008 

 
 

• 𝐶 ∞ = 𝑈 𝐶𝑍/ 𝐿  

 
 

• 𝐸𝑆𝑃 ∞ = 𝐸𝑆𝑃 𝐶 , 𝑓𝑍  
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𝐶 ∞  
numerical vs simple, analytical 

different soils, climates 
 

 

 

𝐶 ∞  
numerical vs simple, analytical 

one soil, climate, different Z 
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Long term 𝐸𝑆𝑃 ∞  
numerical vs analytical 

one soil, climate, different Z 
 

 

 

Leaching over-estimated analytically 
for (very) thick root zones. 

 
 
 
 
 
 
 
 
 
 
 
 

Conclusions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Some properties, e.g. 𝐶 ∞  , 𝐸𝑆𝑃 ∞  
reasonably predicted with very (!) simple 
equations 

• Unexplained patterns: gaps in current 
understanding 

• Currently: confront with data & experiments &  
advanced models 
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Thank you 

Seasonal effects are 
profound! 

Strong periodicity of 
soil water content and 
on salt concentration 
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Which long term root zone 
concentration 𝐶(∞)  

 

 

 


