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SALTMED model Applications

SALTMED model can simulate up to twenty fields or treatments simultaneously. The model also 
simulates crop rotations. The model has been tested against a number of field experiments in 
different countries such as:  
Tomato and potato under  drip irrigation in Syria, Egypt, Crete, Serbia and Italy (Ragab et al., 
2005b and 2015, Afzal et al., 2016), in Iran , sugar cane under sprinkler irrigation (Golabi et al., 
2009), in Greece, cotton under drip irrigation ( Kalfountzos et al., 2009), in Denmark , quinoa 
irrigated with saline water (Razzaghi et al., 2011), in Morocco, quinoa, sweetcorn and chickpea 
under drip irrigation (Hirich et al., 2012), in Brazil , vegetable crops (Montenegro et al., 2010), in 
Italy, quinoa and amaranth using saline water (Pulvento et al., 2013a &Pulvento et al., 2015b), in 
Portugal , rainfed and irrigated chickpea (Silva et al., 2013), in Morocco, quinoa under deficit drip 
irrigation (Fghire et al., 2015), in Turkey , sweet pepper in green houses using saline water 
(Rameshwaran et al., 2015, 2016b), in Syria, legumes (lentil, chickpea and faba bean) using saline 
water (Arslan et al., 2016, Rameshwaran et al., 2016a), in Turkey , quinoa using fresh and saline 
water (Kaya and Yazar, 2016) and in Egypt, potato using gated pipes furrow irrigation (El -Shafie et 
al., 2017). 



In addition, the model was also able to derive an important relation commonly known as the salinity-

yield response function for Syria and Turkey (Arslan, 2016; Rameshwaranet al., 2015, 2016a, 2016b). 

SALTMED was also used to study the possible impact  of climate change on yield, dry matter, crop 

water requirements, harvest and sowing dates, and length of the growing season of amaranth and corn 

crops in Italy (Pulvento et al., 2015), Morocco, (Hirich et al., 2016)Pakistan (Chauhdary et al., 2024& 

2025), Egypt;( Mehanna et al., 2024, Marwa et al., 2020), Greece (Ioannis et al., 2016). 

The model has been intensively used in Egypt on a variety of field crops (Abdelraouf and Ragab 2017, 

2018a,b,c, Abdelraouf et al., 2020 &2021, Dewedar et al., 2021, Marwa et al., 2020, El-Shafieet al., 

2017), Malash et al., (2005, 2008 & 2011), Hamza et al., 2022, Somia et al., 2024,  inPakistan

(Chauhdary et al., 2019, 2020, 2024), in Iran (Basiri et al. 2020, Dastranj et al., 2018, Emdad & Taftech

2020, Golabi et al., 2009, Razzaghi et al., 2011), in Portugal (Siva et al., 2013, 2017) and in Morocco 

(Hirich et al., 2012, 2014, 2016 and 2020, Filali et al., 2017, Fghire et al., 2015, 2017), Italy (Pulvento et 

al., 2013, Afzal et al., 2016), Greece (Maria Kokkora et al. 2019), Saudi Arabia (Ali, et al., 2015)

The model has also been used to derive some parameters that are not easy to measure (e.g.Leaf Area 

Index, LAI, Salinity tolerance index ˊ50 , etc.) More details about the applications are published in a 

Special Issue of Journal of Irrigation and Drainage (Ragab 2020).  
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SALTMED Model:  Irrigation with Fresh, Saline & WasteWater 
Applications



Italy, Quinoa and Amaranth Experiments

SALTMED MODEL TO SIMULATE YIELD AND DRY MATTER FOR QUINOA CROP AND SOIL MOISTURE CONTENT UNDER DIFFERENT 
)22)'!4)/. 342!4%')%3 ). 3/54( )4!,9Ȣ #Ȣ 05,6%.4/ρȟ -Ȣ 2)##!2$)ρȟ !Ȣ ,!6).)ȟ 2Ȣ $ȭ!.$2)! !.$ 2Ȣ 2!'!"Ȣ )22)'!4)/. !.$ 
DRAINAGE. Irrig . and Drain. 62: 229ɀ238 (2013). DOI: 10.1002/ird.1727

Three irrigation levels were compared a control treatment with application of 100% of the water necessary to 
replenish to field capacity of the root zone and two deficit irrigation levels with application of 25% and 50% of the 
water volume used for the control treatment. For each irrigation level one treatment irrigated with saline (100S, 
50S and 25S treatments) and one with fresh water (100, 50 and 25 treatments). For saline treatments water with 
an electrical conductivity (ECw) value of about 22 dS m-1 was used. 
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Quinoa experiment
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Three irrigation levels were compared a control treatment with application of 100% of the water 
necessary to replenish to field capacity of the root zone and two deficit irrigation levels with 
application of 25% and 50% of the water volume used for the control treatment. For each irrigation 
level one treatment irrigated with saline (100S, 50S and 25S treatments) and one with fresh water 
(100, 50 and 25 treatments). For saline treatments water with an electrical conductivity ( ECw) value 
of about 22 dS m-1 was used. 
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Year Irrigation 

Treatments

Observed 

Yield

Simulated 

Yield

Difference

t ha-1 t ha-1
%

2009 25 2.50 2.53 -1.19

2009 50 2.90 2.78 4.32

2009 100 3.10 3.10 0.00

2009 25S 2.40 2.48 -3.23

2009 50S 2.40 2.60 -7.69

2009 100S 3.00 3.00 0.00

2010 25 1.96 1.96 0.13

2010 50 2.10 2.22 -5.41

2010 100 2.33 2.40 -2.81

2010 25S 2.26 2.26 0.00

2010 50S 2.58 2.70 -4.37

2010 100S 2.36 2.46 -3.90

RMSE 29.90 30.49 0.17

CRM -0.02

Comparison of the observed and measured  quinoa yield in the validation.

Quinoa grown in Italy was tolerant  at salinity level of 22 dS m-1 with small  
reduction in yield even when using 25% of the crop water requirement. 



11

Denmark  Lysimeter  experiment:

Soil type: Jyndevad (sandy soil)

Sowing Flowering SeedFilling                                Recovery Harvest

24.04.2009 26.06.2009 14.07.2009 10.08.2009  24.08.2009

Tap water FI0, FI10, FI20, FI30 and FI40

Crop: Quinoa ( cv. Titicaca)

Measured Parameters:

Soil water content : 
TDR installed at 0-20 cm, 
0-40 and 0-60 cm to measure 
The volumetric water content

Continued irrigation 

with tap water

Soil water electrical conductivity:

Soil samples took from 0-60 cm at 

10 cm interval to determine the

gravimetric water content and soil

water salinity.

Yield:
Measured at harvest time

SIMULATION OF QUINOA (CHENOPODIUM QUINOA WILLD.) RESPONSE TO SOIL SALINITY USING THE SALTMED 
MODEL. Fatemeh Razzaghi, Finn Plauborg, Seyed Hamid Ahmadi, Sven-Erik Jacobsen, Mathias N. Andersen, Ragab 
Ragab. Paper presented at ICID 21st international congress on irrigation and drainage, Tehran, Iran, October 2011

Five salinity levels (0, 10, 20, 30 and 40 dS m-1) 



Treatment

Quinoa Total dry matter Seed yield

Observed

(ton ha-1) 

Simulated

(ton ha-1)

Relative error

(%)

Observed

(ton ha-1) 

Simulated

(ton ha-1) 

Relative 

error

(%)

FI 10 5.88 5.90 -0.37 1.99 2.01 -0.84

FI 20 5.08 5.16 -1.57 1.47 1.50 -1.95

FI 30 5.87 5.84 0.47 1.77 1.75 0.97

FI 40 5.66 5.60 1.05 1.66 1.62 2.16

Observed, simulated and the % relative error  of total dry  matter and seed yield at harvest for different  salinity levels. 

A field lysimeter experiment was carried out, at the Faculty of Agricultural Sciences, Aarhus University. 
Drip Full irrigation (FI; 95% of FC) combined with five salinity levels (0, 10, 20, 30 and 40 dS m-1) of 
irrigation water were applied from 55 DAE (days after emergence). 

Total dry matter -control Seed yield - control

Observed

(ton ha-1)

Simulated

(ton ha-1)

Relative error

(%)

Observed

(ton ha-1)

Simulated

(ton ha-1)

Relative 

error

(%)

6.06 6.07 -0.11 2.45 2.45 -0.04

Fresh water



SALTMED model application using 

greenhouse experiment (Pepper), Turkey

THE EFFECT OF SALINE IRRIGATION WATER ON THE YIELD OF PEPPER: EXPERIMENTAL AND MODELLING 
STUDY. PONNAMBALAM RAMESHWARAN, AKIN TEPE, ATTILA YAZAR AND RAGAB RAGAB. IRRIGATION AND 
DRAINAGE, Irrig . and Drain. 64: 41ɀ49 (2015 ). DOI: 10.1002/ird.1867



Greenhouse experimental setup

Salinity treatments
1.0, 2.5, 3.5 and 6.0 dS m -1 

Irrigation treatments
Class A pan x Pan factor

Class A pan evaporation data multiplied by pan coefficient ( Epkc) of 0.50, 0.75, 1.00 and 1.25. In each 
irrigation treatment, plants were subjected to four salinity level treatments with electrical conductivities 
(ECw) of 1.0, 2.5, 3.5 and 6.0 dS m -1 



Predicted soil salinity (Day 55 of 110)

Irrigation treatments (Ekpc)

dS/m 0.5 0.75 1.00 1.25

1.0 Experiment 1 Experiment 2 Experiment 3 Experiment 4

2.5 Experiment 5 Experiment 6 Experiment 7 Experiment 8

3.5 Experiment 9 Experiment 10 Experiment 11 Experiment 12

6.0 Experiment 13 Experiment 14 Experiment 15 Experiment 16

Experiment 9

Experiment 11 Experiment 12

Experiment 10



Correlation between measured and predicted fresh yield

Irrigation treatments (Ekpc)

dS/m 0.5 0.75 1.00 1.25

1.0 Experiment 1 Experiment 2 Experiment 3 Experiment 4

2.5 Experiment 5 Experiment 6 Experiment 7 Experiment 8

3.5 Experiment 9 Experiment 10 Experiment 11 Experiment 12

6.0 Experiment 13 Experiment 14 Experiment 15 Experiment 16

y = 1.0917x - 0.6649

R² = 0.8918
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Linear (Yield)

ONUR F1 Fresh yield tonnes per hectar (t/ha)

Ekpc

dS/m 0.50 0.75 1.00 1.25

1.0 64.29 61.79 60.36 56.43

2.5 62.14 58.21 55.71 50.00

3.5 52.14 48.21 44.29 42.14

6.0 44.64 41.43 37.50 30.71

Measured data

Conclusion: Sweet pepper varieties ONUR F1 and ADA F1 are 
moderately sensitive to salinity with a threshold value of 1.43 
dS mҍ1



Tomatoes of high quality with high sugar content were obtained when 
using saline water for irrigation in field experiment in Egypt .

Egypt: Use of saline water resources on Tomato

Alternate  and mixed  
supply of fresh  [canal 
water (0.55 dS/m)] 
and saline [drainage 
water (4.2ɀ4.8 dS/m)] 
water in six ratios 
applied through drip 
and furrow method on 
tomato (cv. Floradade ) 
yield and growth, and 
salt concentration in 
the root zone were 
investigated in the Nile 
Delta, Egypt. 



Egypt 2001 yield under drip irrigation
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Egypt& Syria:  SALTMED Field applications

Effect of irrigation systems and water management practices using saline and non-saline water on tomato production 
N. Malash, T.J. Flowers , R. Ragab. Agricultural Water Management 78 (2005). Agricultural Water Management 78 
(2005) 25ɀ38 doi:10.1016/j.agwat.2005.04.016. & Effect of irrigation methods, management and salinity of 
irrigation water on tomato yield, soil moisture and salinity distribution, N. M. Malash · T. J. Flowers · R. Ragab. Irrig  
Sci (2008) 26:313ɀ323 DOI 10.1007/s00271-007-0095-7. 25ɀ38
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The results indicated that the Floradade  variety of tomato is 
salt tolerant and suitable to grow in the Mediterranean region . 
The results indicated that a 7 dS/m irrigation water reduced 
the yield by 50%. The results indicated that the relation 
between both yield and water uptake as a function of 
irrigation water salinity is non -linear and is better described 
by a polynomial function. the yield also decreased with 
increasing the salinity level of irrigation water and the yield 
under cyclic irrigation was slightly less than for the mixed 
treatment due to the nutrients present in the drainage water .



Italy, Improving water resources management using different irrigation strategies and water qualities: Field and 

modelling study. M. Afzal,, A. Battilani, D. Solimando , R. Ragab. Agricultural Water Management 176 ( 2016 ) 40ɀ54. 
http://dx.doi.org/10.1016/j.agwat.2016.05.005

20



Subsurface drip irrigation in potatoes

Investigate the effects of two different irrigation strategies, regulated deficit irrigation, RDI and 
partial root drying, PRD using surface freshwater (SW) and treated wastewater (TWW) spiked with 
salts (sodium chloride) to increase its salinity ( up to 4 dS mϺρ) maize and potato crops.  



Saving water by irrigating half of the root zone, the PRD method

SAFIR
EU project
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Maize Yield

Soil Salinity

Potato 
Yield 

Soil 
moisture

Conclusions: Despite the fact that PRD used between 15ɀ17% less water than RDI (excluding the rainfall 
contribution), the water productivity was slightly higher for the PRD in comparison with the RDI irrigation 
strategy. Given that the two strategies received the same amount of rainfall the results favour the PRD over 
RDI. 
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Egypt
The Benefit of Using Drainage Water of Fish Farms for Irrigation: Field and Modelling Study Using 
the SALTMED Model. R.E. Abdelraouf , R. Ragab. Volume66, Issue5. December 2017  Pages 758-772
https://doi.org/10.1002/ird.2180

Best paper Award, 
ICID 2018.

This study investigated the 
suitability and benefits of 
using drainage water of fish 
farms (DWFF), instead of 
canal fresh water (IW), for 
wheat irrigation. Two water 
qualities, DWFF and IW, and 
four levels of N -fertigation 
rates [100% N (192 kg N 
ÈÁϺρ ÓÅÁÓÏÎϺρɊȟ ψπϷ .ȟ 
60% N and 40% N] 

https://doi.org/10.1002/ird.2180
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Conclusions: The wheat yield under DWFF was higher than the yield under the IW treatment by 
between 11 and 51% in 2014 and between 8 and 38% in 2015 . This is due to the additional amount 
of dissolved biological nitrogen and other nutrients inherent in DWFF.

Wheat 
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Effect of deficit irrigation 
strategy and varieties on 
roots volume of wheat at 50 
days from plant age and 
compared to simulated roots 
volume for all treatments.

Observed versus 
simulated roots 
volume  of wheat 
plant for all 
treatments for 
seasons 2015/2016

Egypt, Field and modelling study 
for deficit irrigation strategy on 
roots volume and water 
productivity of  wheat Article in 
Journal of Water and Land 
Development · JOURNAL OF 
WATER AND LAND DEVELOPMENT. 
2021, No. 49 (IVɀVI): 129ɀ138; 
https://doi.org/10.24425/jwld.20
21.137105. Ramadan E. 
ABDELRAOUF, Mohamed A. EL-
SHAWADFY, Osama M. DEWEDAR, 
Mahmoud HOZAYN



SALTMED Simulated Root System Geometry  

27
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Effect of deficit irrigation strategy 
and varieties on grain yield for all 
treatments.

Observed versus simulated grain yield for all 
treatments for seasons 2015/2016 and 2016/2017

Conclusions: There were no significant differences between 
the yield values at 100% and 80% of  irrigation Requirement , 
IR, so we recommend irrigating wheat at 80% of IR and which 
will save 20% IR.



Syria, Use of saline water on conventional crops Chickpea, lentil and faba bean



Fava bean 

Legumes : Lentil, chickpea and faba 

bean yield-salinity curves , Syria

50% yield reduction (ˊ50 value) in chickpea, lentil, 

and faba bean occurred at salinity levels of 4.2 dS 

m-1, 4.4 dS m-1, and 5.2 dS m-1, respectively. These 

results suggest that faba bean can withstand relatively 

high levels of irrigation water salinity, followed by lentil 

and chickpea. 

lentil

Checkpea

EVALUATING THE PRODUCTIVITY POTENTIAL OF CHICKPEA, LENTIL AND FABA BEAN UNDER SALINE WATER 
IRRIGATION SYSTEMS. A. ARSLAN, G. A. MAJID, K. ABDALLAH, P. RAMESHWARAN, R. RAGAB, M. SINGH3 AND M. 
QADIR. IRRIGATION AND DRAINAGE. Irrig . and Drain. 65: 19ɀ28 (2016 ). DOI: 10.1002/ird.1912



SALTMED model as a tool for investigating the 
climate change impact : 



OR

Daily weather 
data of present 
conditions

Calibrated data of:

Plant

Soil

Experimental site

Daily weather 
data of future 
climate 
conditions

GCMs Management

RSWD YR

Sowing date
Crop growth  
length

Sustainable 
irrigation 
management

SWC

Impact of Climate Change on Crop Growth, growth period, yield and Crop 
water requirement using SALTMED model

ASSESSING AMARANTH ADAPTABILITY IN A MEDITERRANEAN AREA OF SOUTH ITALY UNDER DIFFERENT 
#,)-!4)# 3#%.!2)/3Ȣ #Ȣ 05,6%.4/ȟ !Ȣ ,!6).)ȟ -Ȣ 2)##!2$)ȟ 2Ȣ $ȭ!.$2)!ρ !.$ 2Ȣ 2!'!"Ȣ Irrig . and Drain. 
(2015 ). Volume64, Issue1. Pages 50-58. DOI: 10.1002/ird.1906
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Pakistan: Climate Change Impacts on Future Wheat (Triticum aestivum) Yield, Growth Periods and Irrigation 

Requirements: A SALTMED Model Simulations Analysis Junaid Nawaz Chauhdary  , Hong Li , Ragab Ragab , Md Rakibuzzaman  
, Azeem Iqbal Khan, Jing Zhao and Nadeem Akbar . Agronomy 2024 , 14, 1484. https://doi.org/10.3390/  agronomy14071484

34

https://doi.org/10.3390/
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Wheat yield, dry 
matter and height
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Wheat yield Prediction under Climate Change



Conclusions

38

The projections for future climate scenarios indicated significant shifts in wheat 
phenology by the end of the century. The sowing dates advanced by nine days under 
RCP4.5 and eleven days under RCP8.5, while the harvesting dates shifted earlier by 
twenty -four days under RCP4.5 and twenty -eight days under RCP8.5. Consequently, the 
overall crop Agronomy 2024, 14, 1484 21 of 23
period was shortened by fifteen days under RCP4.5 and eighteen days under RCP8.5.

Further simulations revealed substantial reductions in the wheat yield and dry matter, 
with yields decreasing by 14.2% under RCP4.5 and 21.0% under RCP8.5 and dry matter 
reducing by 14.9% under RCP4.5 and 23.3% under RCP8.5. 

Additionally, the irrigation requirement increased by 14.9% under RCP4.5 and 18.0% 
under RCP8.5, leading to a significant decline in water productivity, which decreased by 
25.3% under RCP4.5 and 33.0% under RCP8.5

By the end of the century. Hypothetical scenarios suggested that increasing nitrogen 
applications by 20 ɀ40% could mitigate some of the negative impacts of climate change . 
These adjustments could enhance wheat yield by 11.4 ɀ20.8% and dry matter by 12.1 ɀ
26.6% under RCP4.5 and by 12.8ɀ22.1% and 13.5ɀ25.5% under RCP8.5.



Egypt
Estimating yield stability and predicting the response of sesame genotypes to climate change using the 
SALTMED model.  Hani Mehanna Ayman Saber Ghada Samaha | Mahmod  Abd El-Aziz and Ragab Ragab. 2024. 
Irrig . and Drain. 2024 ;73:1483ɀ1495. DOI: 10.1002/ird.2970

39

The three governorates studied in Egypt.
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Inputs and outputs of SALTMED model for simulating the climate change effect
(of increasing air temperature and the crop water requirement) on the 
productivity of sesame lines.


