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❖ In Almeria         intensive greenhouse vegetable production system 

(33,000 ha)

❖ 90% of cropping in soil 

❖ All crops with drip irrigation and fertigation

❖ Standard nutrient solutions applied in all irrigations, in soil 

❖ “Substrate-like” nutrient management, not “agronomic”

❖ Results in excessive fertiliser application, expenses and environmental 

problems

Context- why the VegSyst/DSS ??

NO3
- H2PO4

- SO4
- K+ Ca2+ Mg2+

Sowing to flowering 2nd cluster 8 2.5 2.5 5 4 2

2nd to fifth cluster 11 2 2 7.5 6 2

Fifth to  tenth cluster 14 1.5 2 8.5 5 2

Last cluster to end of crop 14 1.5 1.5 7 4 2

Nutrients in mmol L-1



VegSyst Decision Support System 

❖ The DSS incorporates the VegSyst simulation model

❖ The DSS calculates

1. Irrigation volume (daily, weekly), 

2. Macronutrient recomendations (N, P, K, Ca and Mg) (kg/ha) 

3. Concentration [N], [P], [K], [Ca], [Mg] in nutrient solution

❖ The recommendations are calculated considering (1) crop demand and 

(2) soil nutrient content

❖ Recommendations are crop and site specific

Vegsyst model

DSS

Inputs

Recomendations



Climate
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The VegSyst Model

• Crop model that calculates daily/seasonal values:

• Dry matter production (t/ha)

• The uptake of macronutrients (N, P, K, Ca and Mg, kg/ha)

• Evapotranspiration (ETc) (mm) 

• Assumes no water and nutrient limitations (common conditions)

• Calibrated and validated for the main greenhouse vegetable crops in SE Spain: 
tomato, pepper, melon, cucumber

• For watermelon, zucchini and eggplant N and ETc
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VegSyst Decision Support System 



Calculating N requirements
1) Simulation of nutrient uptake

❖ Step 1: Simulation of daily Dry Matter Production (DMP)

❖ Step 2: Estimation of daily crop nutrient content with dilution curve

❖ Step 3: Crop nutrient uptake = DMP x Nutrient content 

2) Supply of N from soil 

❖ Soil mineral N

❖ N mineralized (manure + soil organic N)

3) N Requirements using N balance

❖ Requirements=Demand-supply

❖ Efficiency factors (e.g. proportion of applied N taken up by crop)

4) Concentration of N in solution (mmol L-1)

❖ N requirements/ETc
Adition of manure to the greenhouse soil



Calculating P, K, Ca and Mg requirements

1) Simulation of nutrient uptake

❖ Step 1: Simulation of daily Dry Matter Production (DMP)

❖ Step 2: Estimation of daily crop nutrient content with dilution curve

❖ Step 3: Crop nutrient uptake = DMP x Nutrient content 

2) Soil analysis to assess available soil nutrient supply

❖ Olsen P, Exchangeable cations 

3) Assessment of availability

❖ Availability of each nutrient categorised as Very Low, Low, Medium (adequate), High, Very High  

4) Fertiliser recomendations using maintenance/build up approach

❖ Explained in next slide



Interpretation of soil test results, e.g. for K

Class of soil 

nutrient 

availability

Soil 

macronutrient, 

and test result 

1Nutrient 

application 

factor (f1)

Build-up or 

Maintenance

Exchangeable K 

(mg kg-1)

Very Low <80 2
Strong build-up

Low 60-250 1.5
Moderate build-up

Medium 251-400 1
Maintenance

High 401-600 0.5

Maintenance –

reduced application

Very High >600 0

Maintenance – no 

application

1Nutrient recommendation= Crop nutrient uptake x application factor (f1)



What information do we need to use 
VegSyst-DSS v2

• Climate

• Air mean temperature and solar radiation in the greenhouse 

• Crop 

• Date of transplanting and expected end of crop; aprox. root depth

• Irrigation configuration

• Flow rate, drip density 

• Soil and initial conditions

• Only once: texture, O.M., total carbonates

• Before cropping: chemical analysis of N min and available nutrients (P, K, Ca, Mg)

• Manure

• Type (menu)

• Date of application and volumen



Outputs 

Irrigation outputs

o Volume and timing of irrigation (daily, 

weekly and seasonal)

o Detailed information of irrigation 

calculation (ETo, kc, ETc)

Nutrient outputs  

o Nutrient concentration (mmol L-1 ) over 1 and 4 week 

periods

o Fertiliser and soil nutrient supply information

▪ Crop uptake (kg/ha)

▪ Nutrient recommendations (kg/ha)

▪ Evaluation of soil fertility



Field evaluation experiment in tomato 
Experimental greenhouse at UAL-Anecoop farm (transplanting 3 September 2021)

▪ CONV treatment: Conventional irrigation and nutrient 
management
▪ DSS treatment: Irrigation and macronutrient 
management (N, P, Ca, K, and Mg) according to VegSyst 
DSS recommendations 



Use of water and nutrients

Treatment
Irrigation

(mm)

N 

(kg ha-1)

P 

(kg ha -1)

K 

(kg ha -1)

CONVENTIONAL 348 539 159 843

DSS 265 325 24 478

Reduction with 

DSS
24% 40% 85% 43%



Treatment 

Total 

yield

 (kg m -2)

Marketable 

yield 

(kg m -2)

Total 

soluble 

solid  

(Brix)

pH Titratable 

acidity

CONVENTIONAL 13.6 12.3 4.5 4.4 0.43

DSS 13.5 12.5 4.7 4.3 0.41

Significance ns ns ns ns ns

Production and quality



Cost analysis

Treatment
Water

(€ ha -1)

Fertilizers 

(€ ha -1)
Total 

(€ ha -1)

CONVENTIONAL 1,566 4,014 5,580

DSS 1,193 1,998 3,191

Savings 24 (%) 50 (%) 43 (%)



GREENHOUSE OPEN AIR

VEGSYST – DSS SUITE

Web-based program Apps for iOS and Android

VEGSYST – DSS SUITE: Currently is only available in Spanish

VegSyst-DSS Version 2
Irrigation, N, P, K, Ca, Mg



Thank you for your attention

Project “Innovative Greenhouse Support System in the Mediterranean Region: efficient fertigation and pest 
management through IoT based climate control (iGUESS-MED)” funded by EU H2020. Grant Agreement 
Number 1916- iGUESSMED. Partnership for Research and Innovation in the Mediterranean Area Programme
(PRIMA) Call 2019 Section 1 Farming IA.
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