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Abstract 
 
Modeling is an advanced technique to study the effects of crop management practices as 

management scenarios simulations in a convenient and economical way. A multi seasonal study 

was conducted on corn, sown under drip irrigation, to assess its growth under three irrigation 

intervals (I1: irrigation on daily basis, I2: irrigation on 3rd day and I3: irrigation on 5th day) and 

three fertigation levels [F1:100% RFA (recommended fertigation applications), F2:75% RFA and 

F3:50% RFA)] of two types of fertilizers (M1: Imported and M2: Indigenous). The SALTMED 

model was calibrated and validated, using data collected from experiments, to develop different 

management scenarios of corn production. The accuracy of the validation process was examined 

by root mean square error (RMSE), percentage of difference (%D), coefficient of residual mass 

(CRM) and coefficient of determination (R2). The results showed that corn produced significantly 

high plant height (183.7 cm), dry matter (16.9 t/ha) and grain yield (8.57 t/ha) under I1 in 

comparison to that under other irrigation intervals. Similarly, M1 and F1 produced significantly 

high dry matter and grain yield as compared to M2 and other fertigation levels, respectively. 

SALTMED simulated soil moisture and soil salinity accurately with the values of RMSE, R2 and 

CRM, not exceeding 0.017, 0.833 and 0.027, respectively for soil moisture and 0.565, 0.836 and 

0.249, respectively for soil salinity. The SALTMED simulations showed good results also for grain 

yield (RMSE= 0.475, R2=0.873, CRM= -0.0013 and highest %D= 19.65%) and dry matter 
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(RMSE=0.596, R2=0.909, CRM=-0.027 and highest %D= 9.22%). Based on these finding, it is 

recommended that corn should be irrigated on daily basis under drip irrigation and fertilized with 

100% RFA. Moreover, SALTMED model proved to be a useful tool for simulations of different 

scenarios regarding corn growth and soil salinity under different management scenarios with 

reliable results under semi-arid conditions.    

 
Key Words: Corn, fertigation level, irrigation interval, fertilizer type, SALTMED model 
 

Introduction 
 
The world’s population is growing rapidly, posing challenges for agriculture sector to meet food 

demands. Water consumption by the agriculture sector has increased globally and reached 70-80% 

of the total world’s water usage (Ragab, 2015). Under this current situation, on-farm water 

management has become an important subject for sustainability of agricultural systems. The drip 

irrigation, being an efficient irrigation system (Biswas et al., 2015; Dağdelen et al., 2006; Mansour 

et al., 2013; Tayel et al., 2008), can be used to apply irrigation and fertilizers with an application 

efficiency of 90% (Allen et al., 1998). To avoid excessive irrigation and use of fertilizers, there is 

need to adopt optimized operational scheme of drip irrigation regarding irrigation frequencies and 

fertigation levels. To check and compare multiple operational schemes, computers models such as 

SALTMED are widely used along with field studies. The SALTMED model was developed to 

account different management and climatic conditions and environments (Ragab, 2010; Ragab et 

al., 2005b, 2005a) for studying crop growth.  

The SALTMED model (Ragab, 2002, 2009, 2010, 2013, 2015)) was calibrated and validated by 

researchers for different crops such as sugarcane (Golabi et al., 2009) and tomatoes (Flowers et 

al., 2005),. The recent version (SALTMED 2015) can run with up to twenty different fields or 

treatments at the same  time, each of which could have different input parameters like irrigation 

system, irrigation and fertigation strategy, soil, crop and fertilizers management. Also, this version 

of the model accounts for deficit irrigation as partial root drying (PRD), subsurface irrigation, 

salinity dynamics in root zones, fertigation, nitrate leaching, soil nitrogen fertilizer application and 

plant nitrogen uptake, dry matter and grain yield production. These new version has been 

calibrated and validated successfully by researchers (Aly et al., 2015; J.N. Chauhdary et al., 2019; 

Daliakopoulos et al., 2016; El-Sadek, 2014; Fghire et al., 2015; Hassanli et al., 2016; Hirich et al., 

2016; Kaoutar et al., 2017; Kaya et al., 2015; Rameshwaran et al., 2015). For improvement in 



3 
 

performance and increase reliability of the new versions, the need of calibration exists for different 

conditions regarding irrigation and fertigation.  

Therefore, this study was designed (i) to study corn response under different management schemes 

regarding irrigation and fertigation, (ii) to calibrate and validate the latest version of SALTMED 

model viz. 2015 for crop response and root zone salinity dynamics (iii) to perform scenario 

simulations of corn growth under different irrigation intervals and fertigation levels.    

 

Material and methods 

Study site and experiment description 

A two year (2015 and 2016) field study was carried out on corn under drip irrigation at the Water 

Management Research Centre (WMRC), University of Agriculture, Faisalabad (UAF), Pakistan 

(31.38739 N, 73.01196 E; elevation 184 m m.s.l). The average annual rain fall of study area is 350 

mm and temperature varies from 0o (in winter) to 50o C (in summer). The soil of the area is sandy 

loam with 1.52 g/cm3 bulk density. 

In this study, eighteen treatments comprised three irrigation intervals (I1:irrigation on daily basis, 

I2: irrigation on 3rd day and I3: irrigation on 5th day) and three fertigation levels [F1:100% 

(recommended fertigation applications (RFA), F2:75% RFA and F3:50% RFA)] of two types of 

fertilizers (M1: Imported fertilizer and M2: Indigenous fertilizer) were tested The corn was sown 

under drip irrigation with 90 cm row spacing and 23 cm plant spacing. The layout of experimental 

treatments replicated three times under RCBD, is shown in Figure 1.  
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Figure 1: Layout of experiment 

 

Irrigation and fertigation 

Groundwater with salinity level,  varied from 1.49 dS/m to 2.19 dS/m was used for irrigation of 

corn. Irrigation was applied according to the crop water requirement (CWR) for each irrigation 

interval. Under I1, water was applied on daily basis according to daily CWR; whereas, under I2 

and I3, the collective CWR of three days and five days was applied at every 3rd and 5th day, 

respectively. The total rainfall during the crop growing period was 130.90 mm in 2015 and 103.98 

mm in 2016.  

For crop fertilization, two fertilizer compounds including M1: Indigenous fertilizer (N:P:K= 

19:19:19) and M2: Imported fertilizer (N:P:K= 20:20:20) were used to calibrate model for variety 

of water soluble fertilizers. M1 fertilizer was more acidic (pH=4.1) as compared to M2 (pH=6.7). 

The recommended fertigation applications (RFA) for corn production was nitrogen (N)=250 kg/ha, 

phosphorus (P)= 125 kg/ha and potassium (K)= 125 kg/ha, recommended by Punjab Agricultural 

Department, Pakistan. Along with M1 and M2 applications, urea was applied to increase the 

quantity of N as compared to P and K fertilizer as per RFA for corn production. The quantity of 

M1, M2 and urea was calculated according to RFA for corn and are given in table 1.     
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Table 1: Details of irrigation regarding each interval and quantity of water soluble fertilizer 
and Urea for each level of fertigation. 

Irrigation 

Interval 
2015 Season 2016 Season 

Irrigation 
events (Nos.) 

Total irrigation 
depth (mm) 

Irrigation 
events (Nos.) 

Total irrigation 
depth (mm) 

I1 115 
547 

111 
564 I2 39 37 

I3 23 22 
Fertigation 

Fertilizer 
type 

Fertilizer 
level 

Water soluble 
fertilizer 
(kg/ha) 

Urea (kg/ha) -- 

M1 F1 658 272 -- 
M1 F2 494 204 -- 
M1 F3 329 136 -- 
M2 F1 625 272 -- 
M2 F2 469 204 -- 
M2 F3 313 136 -- 

I1: Irrigation on daily basis, I2: irrigation on 3rd day, I3: irrigation on 5th day, F1:100% of RFA, 
F2:75% of RFA, F3:50% of RFA, M1: Indigenous fertilizer, M2: Imported fertilizer 

Data collection and analysis 

Soil samples were taken from each treatment at four depths of the root zone (0-15 cm, 16-30 cm, 

31-45 cm and 46-60 cm) prior to irrigation to determination soil moisture and soil salinity. For 

calibration, soil samples were taken seven times [12th day after sowing (DAS), 25th DAS, 40th 58th 

DAS, 60th DAS 88th DAS, 115th DAS]; whereas, for validation, the samples were taken four times 

[25th DAS, 58th DAS, 88th DAS, 115th DAS]. Higher number of samples for calibration were taken 

to get more perfection in the calibration process.  

Crop parameters including grain yield, dry matter weight and plant height were determined by 

taking plant samples, from pre-tagged plants, at the time of harvesting. Crop samples were taken 

from different locations in the plot and then the average of these samples was taken as single value 

for each replication of treatment. Plant height was measured using measuring tape.  Crop samples 

from tagged plants were harvested and plant kernels were threshed manually to measure grain 

yield. For determination of dry matter weight, the harvested plants were chopped and oven dried for 

48 hours at 70oC (Chauhdary et al., 2017) and then weight of oven dried samples was measured.  
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Model input data and calibration  

For calibration of the SALTMED model, data from treatment with daily irrigation (F1), fertilized 

with Indigenous fertilizer (M1) at 100% RFA (F1) for the 2015 season was used. There is flexibility 

in the SALTMED model that more than one parameter can be used for its calibration. In the present 

study, the model was calibrated for four parameters including soil moisture, soil salinity, dry matter 

and grain yield to get more accurate results for model validation.  

All calibration parameters are interlinked to each other in such a way that the parameters with final 

yield (e.g. dry matter and grain yield) depends on plant water uptake which relates to soil moisture 

and soil salinity. Thus, it was decided to start calibration with soil parameters and then focus on 

crop parameters to develop agreement between observed and simulated values. A similar approach 

was used and suggested by many researchers for calibration of the SALTMED model (Apostolakis 

et al., 2016; Arsalan et al., 2016; Chauhdary, 2018a; Pulvento et al., 2013; Silva et al., 2013). The 

input data used for model calibration are given in the subsequent steps:  

1. The daily data of climatic parameters including maximum and minimum temperature (0C), 

wind speed (m/s), sunshine hours (hrs), rainfall (mm), humidity (%) and radiations (MJ/m2/d) 

were acquired from the metrological stations, installed at Main campus of University of 

Agriculture, Faisalabad. All these climatic parameters were imported into “Climate tab” of 

SALTMED.  

2. The input data for “irrigation tab” was measured in the field for every irrigation. The data 

included duration of each irrigation and fertigation (minutes), drip emitter flow rate (L/h), 

water salinity (ds/m), nitrogen (ppm) and urea (ppm).  

3. Soil physical properties including porosity, field capacity and permanent wilting point were 

determined in the laboratory using field samples and used for model input. Pore size 

distribution, saturated hydraulic conductivity, bubbling pressure, soil evaporation depth and 

residual water content were taken from the model database for sandy loam soil. Initial soil 

moisture and soil salinity were determined from the soil samples taken from the field prior to 

application of treatments.  

4. The crop parameters including sowing and harvesting date, plant height and leaf area index 

were measured in field. The length of each growth stage, unstressed grain yield and root depth 

data were taken from literature (Anjum, 2013). The values Kc, Kcb, and Fc were taken from 

the model database, based on FAO Paper No. 56 (Allen et al., 1998) and π50 (Osmotic potential 
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at which potential water uptake is reduced to 50%) was taken from the experiments conducted 

by Ragab (2002) in a greenhouse under controlled conditions.  

5. The harvest index was calculated from field data and used in the model run as a crop growth 

parameter. The other crop growth parameters were taken from model database. 

6. The model domain was divided into 14 cells and 50 cells in the horizontal and vertical 

direction, respectively. The minimum and maximum time steps for model runs were taken as 

25s and 300s, respectively.  

 

The process of calibration was performed in two steps. In the first step, the model run was 

performed by using the initially measured/estimated values of soil, crop and crop growth 

parameters. In the second step, these parameters were changed gradually, one at a time, until the 

calibrated values of soil moisture, soil salinity, grain yield and dry matter weight were closer to 

the observed data. 

 

Model validation and evaluation 

In validation process, the model run was performed for the remaining treatments of 2015 season, 

except treatment used for calibration, and all treatments for 2016 season by using the same 

calibrated values for soil and crop parameters except length of crop period, as it was slightly 

different for both seasons.  

Five statistical indicators were used to check accuracy of the model validation process as suggested 

by (Bakhsh et al., 2004; Loague and Green, 1991; Vinten et al., 1991).  These indicators included 

(1) Root mean square error (RMSE), (2) Percentage of difference (%D), (3) Coefficient of residual 

mass (CRM) and (4) Coefficient of determination (R2).  

RMSE is used to measure cumulative difference between observed and predicted values. The value 

of RMSE, closer to zero, indicates best predictions by a model. The equation 1 was used for 

determination of RMSE.  

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =  �
∑ (𝑆𝑆𝑖𝑖 − 𝑂𝑂𝑖𝑖)2𝑛𝑛
𝑖𝑖=1

𝑛𝑛
�
0.5

     (1) 

%D helps to compute the difference between observed and simulated data. Equation 2 was used 

to calculate %D.   
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%𝐷𝐷 =  
(𝑆𝑆𝑖𝑖 − 𝑂𝑂𝑖𝑖)

𝑂𝑂𝑖𝑖
∗ 100     (2) 

 

The overestimation or underestimation by model simulations was checked by an indicator, named 

“coefficient of residual mass (CRM)”. Model overestimation was represented by negative value 

of CRM and model underestimation was observed by vice versa. The CRM was calculated using 

equation 3.  

𝐶𝐶𝐶𝐶𝐶𝐶 =  
∑ 𝑂𝑂𝑖𝑖𝑛𝑛
𝑖𝑖=1 − ∑ 𝑆𝑆𝑖𝑖𝑛𝑛

𝑖𝑖=1
∑ 𝑂𝑂𝑖𝑖𝑛𝑛
𝑖𝑖=1

         (3) 

The R2 (equation 4) is the proportion of variation in observed values that are predictable by 

simulated values. Its value, closer to one, indicates best agreement between measured and 

predicted values.    

𝑅𝑅2 =  
[∑ (𝑂𝑂𝑖𝑖 − 𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎)𝑛𝑛

𝑖𝑖=1 − (𝑆𝑆𝑖𝑖 − 𝑆𝑆𝑎𝑎𝑎𝑎𝑎𝑎)]2

∑ (𝑂𝑂𝑖𝑖 − 𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎)2𝑛𝑛
𝑖𝑖=1 − ∑ (𝑆𝑆𝑖𝑖 − 𝑆𝑆𝑎𝑎𝑎𝑎𝑎𝑎)2𝑛𝑛

𝑖𝑖=1
         (4) 

 

Scenario simulations 

After successful validation and performance analysis, the model run was performed to simulate 

different scenarios for identification of corn response under variety of management practices, 

comprising combinations of different irrigation intervals and fertigation levels. These scenarios 

were as follows: 

• Scenario 1: Corn response under M1 fertilizer at fertigation level of 100% RFA and different 

irrigation intervals including irrigation on 2nd day (alternate day), irrigation on 4th day, 

irrigation on 6th day, irrigation on 7th day, irrigation on 8th day, irrigation on 9th day and 

irrigation on 10th day.  

• Scenario 2: Corn response under daily irrigation and M1 fertilizer at different fertigation levels 

including No-fertigation, 25% RFA, 125% RFA, 150% RFA, 175% RFA and 200% RFA.  

Results and Discussion 

Effects of treatments on crop parameters  

The effects of experimental treatments were observed on crop parameters including plant height, 

dry matter weight and grain yield. It was observed that I1 (daily irrigation) produced the greater 
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plant height (183.7 cm), dry matter (16.9 t/ha) and grain yield (8.57 t/ha), followed by I3 (irrigation 

on 5th day) and I2 (irrigation on 3rd day), respectively. Better crop performance under I1 was due 

to the daily irrigation applications that provided sufficient moisture for proper plant growth in 

comparison to that under I2 and I3. Sufficient moisture probably provided enough water to support 

plant water uptake regardless of higher salts content in root zone. Under I3, heavy irrigation 

applications leached down the excessive salts from the root zone that created favorable 

environment for plant growth. But on the other hand, higher irrigation interval caused water stress 

(due to low moisture content in root zone between two successive irrigations) that resulted in less 

water uptake; therefore, the crop response was poor under I3 as compared to that under I1 but better 

as compared to that under I2. Under I2, the moisture content was higher due to small interval as 

compare to that under I3 but salts remained in root zone, due to lighter irrigation as compare to 

that under I3 that possibly restricted plant water uptake (may be due to higher osmotic potential). 

Higher salts concentration create unfavorable environment for plant water uptake despite the 

higher moisture  in the root zone as compared to that under I3. The study on different irrigation 

frequencies was also conducted by many researchers (Anjum et al., 2014; Chauhdary et al., 2017; 

Junaid Nawaz Chauhdary et al., 2019; Dağdelen et al., 2006; El-Hendawy and Schmidhalter, 2010; 

Jiotode et al., 2002) and they reported similar trend of crop response.   

The M1 (indigenous fertilizer) performed significantly better in terms of crop growth as plant 

height (182.8 cm), dry matter (16.7 t/ha) and grain yield (8.19 t/ha) in comparison to these 

parameters (plant height: 178 cm, dry matter weight: 16 t/ha and grain yield: 7.83 t/ha) produced 

under corresponding levels of M2 (Imported fertilizer). This can be due to acidic nature of M1 that 

affected the nutrient uptake by plant and ultimately increased grain yield. These results are in 

accordance with the work of Khaled and Fawy (2011) and Muhammad (2013). 

Higher levels of fertigation up to recommended fertigation dose produced better yield. The highest 

crop parameters were observed under F1 (100% RFA), which were significantly higher than that 

under F2 (75% RFA) and F3 (50% RFA), respectively. The highest plant height (190.2 cm), dry 

matter weight (17.8 t/ha) and grain yield (9.26 t/ha) were produced under F1; whereas, these 

variables were produced significantly less under F2 (180.1 cm, 16.3 t/ha and 8.25 t/ha respectively) 

and significantly least under F3 (170.8 cm, 15.1 t/ha and 6.535 t/ha respectively). Similar trend of 

crop growth under varying fertigation levels were reported by other researchers (Abayomi et al., 
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2006; Al-Kaisi and Kwaw-Mensah, 2007; Arif, 2011; Hammad et al., 2011; Inamullah et al., 2011; 

Jena et al., 2015; Maqsood et al., 2001). 

 

Table 2: Corn data under different treatments 

Treatments Plant height 
(cm) 

Dry matter  
(t/ha) 

Grain Yield 
(t/ha) 

Irrigation interval 
I1: Irrigation on daily basis 183.7a 16.9a 8.57a 
I2: Irrigation on 3rd day 177.4c 15.8c 7.44c 
I3: Irrigation on 5th day 180.1b 16.5b 8.03b 
LSD 2.63 0.36 0.21 
Fertilizer type 
M1: Indigenous fertilizer 182.8a 16.7a 8.19a 
M2: Imported fertilizer 178b 16.0b 7.83b 
LSD 2.15 0.29 0.17 
Fertigation level 
F1: 100% RFA 190.2a 17.8a 9.26a 
F2: 75% RFA 180.1b 16.3b 8.25b 
F3: 50% RFA 170.8c 15.1c 6.53c 
LSD 2.63 0.37 0.21 

RFA=Recommended fertigation applications 
Treatment means with different letters are significantly different (p<0.05) 
 
Model calibration  
First, model simulation results for soil parameter (soil moisture and soil salinity) were compared 

with observed corresponding results, then the simulations regarding crop parameters (dry matter 

and grain yield) were evaluated. During first model run, the default values of input parameters and 

the data, collected from field measurement, were used then, the model was calibrated by fine tuning 

the values of those parameters, which were taken only from literature while the measured 

parameters were kept unchanged. This process was continued until the simulated results became 

closer to the measured results. The initial and calibrated or measured values of soil and crop 

parameters are given in Table 3 and Table 4.  

 
Table 3: Calibrated soil parameters  

Sr. 
No. Soil parameters Units Initial 

value 
Measured/Calibrated 

value 
1 Porosity/ saturated soil moisture m3/m3 -- 0.407 
2 Residual water content m3/m3 0.01 0.02 
3 Wilting point m3/m3 -- 0.07 
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4 Field capacity m3/m3 -- 0.185 

5 Lambda pore size distribution 
index -- 0.49 0.302 

6 Root width factor -- 0.5 0.6 
7 Maximum evaporation depth mm 120 120 
8 Saturated hydraulic conductivity mm/day 96.9 135 
9 Bubbling pressure cm 10 13.52 

 
Table 4: Calibrated crop parameters  

Sr. 
No. 

Parameter Units Initial/ 
Default value 

Measured/ 
Calibrated 

value 

1 Crop coefficient 
(Kc) 

Initial stage -- 0.7 0.4 
Mid stage -- 1.15 1.10 
End stage -- 1.05 0.72 

2 Basal crop 
coefficient (Kcb) 

Initial stage -- 0.16 0.1 
Mid stage -- 1.1 1.0 
End stage -- 1 0.55 

3 Fraction cover (Fc) 
Initial stage -- 0.5 0.17 
Mid stage -- 0.85 0.92 
End stage -- 1 0.8 

4 Plant height 
Initial stage m 0.2 0.1 
Mid stage m 1 2.23 
End stage m 1.5 1.95 

5 Leaf area index 
(LAI) 

Initial stage -- 1 0.39 
Mid stage -- 8 7.37 
End stage -- 7 5.01 

6 

π50 (Osmotic 
potential at which 
yield reduces to 

50% ) 

Initial stage -- 5 11 
Mid stage -- 5.9 15 
End stage -- 5.9 17 

7 Radiation 
interception effect 

Photosynthesis 
efficiency 

g of DM/MJ 2.0 2.09 

Extinction 
coefficient 

-- 0.6 0.65 

Photosyntheticall
y active radiation 
(PAR) Ratio  

-- 
0.5 0.6 

Harvest Index -- 0.6 0.58 
 

The correlation between observed and simulated values of soil moisture and soil salinity are shown 

in Figure 2 and Figure 3, respectively. The values of R2 of calibration process for soil moisture 

were 0.812, 0.844, 0.916 and 0.937 for 0-15 cm, 16-30 cm, 31-45 cm and 46-60 cm soil layer, 
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respectively. The R2 values of upper soil layers were slightly less when compared to deeper  soil 

layers. This was due to higher soil moisture variations in upper soil layers due to direct evaporation 

and plant water uptake from top soil layers as compared to deeper layers. This trend of soil 

moisture variation was explained by Silva et al. (2013). The values of R2 of calibration process for 

soil salinity were 0.915, 0.909, 0.933 and 0.948 for 0-15 cm, 16-30 cm, 31-45 cm and 46-60 cm 

soil layer, respectively. The accuracy of calibration process regarding soil salinity can be assessed 

by higher values of R2 and correlation between observed and simulated data. The model calibration 

for crop parameters (dry matter and grain yield) showed good aggreement between measured and 

simulated data. The values of %D for dry matter weight and grain yield were -0.16 and -2.11, 

respectively. The negative values of %D means that model slightly underestimated crop 

parameters.   

  

   

Figure 2: Calibration curves of soil moisture for different soil layers  
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Figure 3: Calibration curves of soil salinity for different soil layers  
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that model slightly overestimated soil salinity in the root zone; whereas, in case of soil moisture, 

model underestimated values for all soil layers (16-30 cm, 31-45 cm and 46-60 cm) except 0-15 

cm soil layer that was overestimated with positive value of CRM. The values of performance 

indicators for soil moisture and soil salinity are given in Table 5.  

 
 

  
 

  
 
Figure 4: Average simulated soil moisture under different irrigation frequencies  
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Figure 5: Validation curves of soil moisture for different soil layers 
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Figure 6: Average simulated soil salinity under different irrigation frequencies  
 

 

 

Figure 7: Validation curves of soil salinity for different soil layers 
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Soil Parameters 

Parameter Indicators 
Soil depth (cm) 

0-15 16-30 31-45 46-60 

Soil 
Moisture 

RMSE 0.015 0.017 0.011 0.009 
R2 0.906 0.807 0.833 0.853 

CRM 0.027 -0.026 -0.001 -0.007 

Soil 
Salinity 

RMSE 0.565 0.415 0.484 0.453 
R2 0.836 0.888 0.870 0.862 

CRM 0.249 0.079 0.130 0.061 
Crop Parameters 

Indicators Grain yield Dry matter weight 
RMSE 0.475 0.596 

R2 0.873 0.909 
CRM -0.001 -0.027 

 
 
The model was validated for dry matter weight after its successful calibration for soil parameters. 

The correlation of model and field data for dry matter is shown in Figure 8. The accuracy of model 

validation for dry matter weight was examined using statistical indicators, given in Table 5. The 

value of R2 and RMSE were 0.908 and 0.596 for dry matter, respectively. The model slightly 

overestimated the dry matter with CRM= -0.027. The highest dry matter was obtained under 

treatment with I1: daily irrigation, fertilized with M1: indigenous fertilizer at F1: 100% RFA in 

2016 season (18.33 tons/ha). Detail comparison between observed and simulated data of dry matter 

is given in Table 6. The %D between observed and simulated values of dry matter weight was 

calculated for each treatment and it varied from 9.22% to -2.74% for 2015 season and 7.58% to 

0.49% for 2016 season. The R2 for grain yield (Figure 8) was 0.873, whereas, the value of RMSE 

was 0.596 (Table 5) that indicate the accuracy of model predictions regarding grain yield. It was 

observed that the maximum %D for grain yield was 11.32 % for 2015 season and 19.65 % for 

2016 season. The maximum values of %D were within acceptable limit (Mahmood,(2004). CRM 

(-0.001) analysis showed that model slightly overestimated grain yield.  The reason for 

overestimation of crop parameters was that the model was calibrated for the data of 2015 season, 

which was slightly higher than that of 2016 season. The detail comparison between observed and 

simulated grain yield is given in Table 7.  



18 
 

  

Figure 8: Validation curve for dry matter and grain yield  

 

 

 

 

 

 

Table 6: Observed and simulated dry matter of corn under different treatments 

Treatment 
2015 2016 

Observed Simulated %D Observed Simulated %D 
(tons/ha) (tons/ha) (%) (tons/ha) (tons/ha) (%) 

I1*F1*M1 19.23 19.20 -0.16 18.33 18.60 1.47 
I1*F2*M1 17.77 18.57 4.50 16.23 16.60 2.28 
I1*F3*M1 16.37 17.62 7.64 15.17 15.40 1.52 
I1*F1*M2 18.53 18.38 -0.81 17.33 17.50 0.98 
I1*F2*M2 16.97 17.76 4.66 15.77 16.00 1.46 
I1*F3*M2 15.87 16.74 5.48 14.63 15.00 2.53 
I2*F1*M1 17.90 18.34 2.46 16.80 17.10 1.79 
I2*F2*M1 16.80 17.75 5.65 15.60 16.00 2.56 
I2*F3*M1 15.87 16.48 3.84 14.63 15.00 2.53 
I2*F1*M2 17.27 17.53 1.51 16.07 16.30 1.43 
I2*F2*M2 16.00 16.75 4.69 14.80 15.00 1.35 
I2*F3*M2 14.43 15.76 9.22 13.20 14.20 7.58 
I3*F1*M1 18.97 18.45 -2.74 17.77 17.90 0.73 

y = 0.8756x + 2.4634
R² = 0.909

12

14

16

18

20

12 14 16 18 20

Si
m

ul
at

ed
  d

ry
 m

at
te

r 
(to

ns
/h

a)

Observed dry matter (tons/ha)

Dry matter

y = 0.7539x + 1.966
R² = 0.873

5

6.5

8

9.5

11

5 6.5 8 9.5 11

Si
m

ul
at

ed
 g

ra
in

 y
ie

ld
 (t

on
s/

ha
)

Observed grain yield (tons/ha)

Crop Yield



19 
 

I3*F2*M1 17.13 17.82 4.03 15.97 16.30 2.07 
I3*F3*M1 16.00 16.97 6.06 14.77 15.10 2.23 
I3*F1*M2 18.13 17.70 -2.37 16.93 17.10 1.00 
I3*F2*M2 16.67 17.20 3.18 15.47 15.80 2.13 
I3*F3*M2 15.53 16.21 4.38 14.33 14.40 0.49 

 

 

 

 

 

 

 

 

 

 

Table 7: Observed and simulated grain yields of corn under different treatments 

Treatment 
2015 2016 

Observed Simulated %D Observed Simulated %D 
(tons/ha) (tons/ha) (%) (tons/ha) (tons/ha) (%) 

I1*F1*M1 10.41 10.19 -2.11 9.54 9.79 2.62 
I1*F2*M1 9.31 9.46 1.61 8.46 8.70 2.84 
I1*F3*M1 7.60 8.46 11.32 6.77 8.10 19.65 
I1*F1*M2 10.08 9.60 -4.76 9.28 9.20 -0.86 
I1*F2*M2 9.12 8.97 -1.64 8.32 8.50 2.16 
I1*F3*M2 7.42 7.97 7.41 6.62 7.00 5.74 
I2*F1*M1 8.98 8.45 -5.90 9.12 8.80 -3.51 
I2*F2*M1 8.52 7.91 -7.16 7.59 7.50 -1.19 
I2*F3*M1 6.65 7.03 5.71 5.86 6.20 5.80 
I2*F1*M2 8.77 8.06 -8.10 8.01 7.60 -5.12 
I2*F2*M2 7.81 7.29 -6.66 6.84 6.90 0.88 
I2*F3*M2 5.91 6.37 7.78 5.26 5.60 6.46 
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I3*F1*M1 9.80 9.18 -6.33 9.36 9.12 -0.03 
I3*F2*M1 8.78 8.55 -2.62 7.97 8.10 1.63 
I3*F3*M1 7.07 7.54 6.65 6.16 6.40 3.90 
I3*F1*M2 9.51 8.69 -8.62 8.71 8.30 -4.71 
I3*F2*M2 8.47 8.07 -4.72 7.87 7.70 -2.16 
I3*F3*M2 6.91 7.10 2.75 6.11 6.70 9.66 

 

Scenarios simulations 

Under first scenario, model run was performed for M1 fertilizer type and F1 fertigation level 

against different irrigation frequencies.  Model simulations showed that the highest crop 

parameters (dry matter and grain yields) were produced under daily irrigation. The crop parameters 

started to be affected  when irrigation moved from daily irrigation to 3rd day irrigation, then showed 

improvement when irrigation moved from 3rd day to 5th day. After that the crop parameters again 

started to decrease along with moving irrigation interval beyond 5th day irrigation towards 

irrigation on 10th day. Probably, the pattern of crop response against increasing  irrigation 

frequencies was due to changing water and osmotic potential in crop root zone due to varying soil 

moisture and salts contents.. Under daily irrigation, due to the frequent irrigation applications, 

water potential was adequate in root zone to support plant water uptake regardless of higher salts 

contents in root zone. When irrigation interval moved towards 3rd day irrigation, salts remained in 

root zone that possibly increased osmotic potential in root zone and two days gap between 

consecutive irrigations created a deficit in water availability. The higher osmotic potential and 

lower water potential reduced plant water uptake  and ultimately decreased crop yield. When 

irrigation interval moved from 3rd day irrigation to 5th day irrigation, heavy irrigation applications 

leached down the excessive salts from root zone that reduced osmotic potential in root zone to 

support water uptake. Water potential under 5th day irrigation was also low but due to less osmotic 

potential the water uptake was higher as compared to that under 3rd day irrigation. That’s the reason 

that  the crop response was better under 5th day irrigation as compared to that under 3rd day 

irrigation. Beyond 5th day irrigation, the salts contents were low (similar to that under 5th day 

irrigation due to heavy irrigation) but low moisture content affected badly the plant growth by 

reducing water uptake by plant. The crop yield started to continuously decrease with increase in 

irrigation frequency. Same phenomenon has been studied by Amin et al. (2015) and Chauhdary et 
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al. (2019) and they reported similar results with similar reasons. The results of scenario simulations 

for different irrigation frequencies are shown in Figure 9 and Table 8.  

 

 

 

 

 

 
Figure 9: Response of crop parameters under different irrigation 
intervals (Scenario 1) 

Table 8: Response of crop parameters 
under different irrigation intervals 
(Scenario 1) 

Irrigation Interval Dry matter 
weight 
(t/ha) 

Grain 
Yield 
(t/ha) 

Daily Irrigation 18.6 9.79 
Irrigation on 2nd day  18.1 9.1 
Irrigation on 3rd day  17.1 8.8 
Irrigation on 4th day  17.3 8.9 
Irrigation on 5th day  17.9 9.12 
Irrigation on 6th day  17.4 8.92 
Irrigation on 7th day  16.1 7.91 
Irrigation on 8th day  14.9 7.1 
Irrigation on 9th day  13.3 6.4 
Irrigation on 10th day  11.8 5.14 

 

 
 
 
Under second scenario, model run was performed for M1 fertilizer type and I1 irrigation interval 

against different fertigation levels.  The lowest grain yield (0.9 t/ha) and dry matter (8.79 t/ha) 

were produced without use of fertilizer. In this condition, the plants absorbed nutrients from soil 

nutrient deposits for their growth, but the growth observed was very low due to small quantity of 

nutrients, present in soil. The crop parameters were increased gradually with increase the level of 

fertigation but after 125% RFA, the crop parameters started to decrease with increase in fertigation 

level. The dry matter weight and grain yield decreased 3.2% and 4.8%, respectively, when 

fertigation level increased from 125%RFA to 150% RFA. The drop in corn yield beyond opimum 

fertigation level has also been reported by Ju et al (2009). After 150% RFA, the crop parameters 

continuously decreased with increase in fertigation level up to 200% RFA. The excessive use of 

fertilizers probably created hazardous environment in root zone that effected plant water uptake 
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and its growth and reduced final crop yield. Chauhdary (2018b) conducted research on maize under 

different fertigation levels and reported the reduction in yield with use of excessive fertilizers 

above optimal limit. The results of scenario for different fertigation levels are shown in Figure 10 

and Table 9.   

 

 
Figure 10: Response of crop parameters under different 
fertigation levels (Scenario 2) 

Table 9: Response of crop 
parameters under different 
fertigation levels (Scenario 2) 

Irrigation level 
(RFA) 

Dry matter 
weight 
(t/ha) 

Grain 
Yield 
(t/ha) 

No Fertigation 8.79 0.9 
25% RFA 11.54 3.8 
50% RFA 15.1 6.53 
75% RFA 16.3 8.25 
100% RFA 17.8 9.26 
125% RFA 19.76 10.62 
150% RFA 19.12 10.11 
175% RFA 17.48 8.7 
200% RFA 16.72 7.4 

 

 
 
 

Conclusions 

Based on experimental results, it was concluded that the highest crop growth in terms of plant 

height, dry matter and grain yield were observed under daily irrigation applications. The 

Indigenous (acidic) fertilizer performed better as compared to Imported (less acidic) and 

fertigation level equal to RFA: recommended fertigation applications,  produced the highest crop 

yield and crop growth parameters. Therefore, it was recommended that corn should be irrigated on 

daily basis under drip irrigation and fertilized with 100% RFA. The potential of SALTMED model 

to simulate corn growth was acceptable with the values of RMSE, R2 and CRM, not exceeded 

from 0.017, 0.833 and 0.027, respectively for soil moisture and 0.565, 0.836 and 0.249, 

respectively for soil salinity. The SALTMED validation showed promising results also for grain 

yield (RMSE= 0.475, R2=0.873, CRM= -0.0013 and highest %D= 19.65%) and dry matter weight 
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(RMSE=0.596, R2=0.909, CRM=-0.027 and highest %D= 9.22%). The scenario simulations 

revealed that best response of corn was obtained under daily irrigation through drip irrigation with 

available groundwater.  Similarly, the scenario simulation regarding fertigation levels showed that 

crop yield increased with increase in fertigation level up to 125% RFA, after that the crop growth 

started to decrease. Hence, the study proved the potential of the SALTMED model for simulation 

of soil moisture, soil salinity and corn growth under different irrigation frequencies and fertigation 

levels. SALTMED model proved to be an efficient tool for simulation of corn growth under 

different management scenarios with reliable results. 

Acknowledgement 

The authors express their sincere thanks and gratitude to the “Punjab Agriculture Research Board 

(PARB), Pakistan” Higher Education Commission (HEC) and Water Management Research 

Centre (WMRC), UAF, Pakistan”, for providing financial and technical support, cooperation and 

analysis facility to carry out the study. 

 
References 

Abayomi, Y., George-Arijenja, A., Kolawole, I.A., 2006. Comparative leaf growth and grain 
yield responses of hybrid and open-pollinated maize genotypes to nitrogen fertilizer 
application. Agrosearch 8, 13–26. https://doi.org/10.4314/agrosh.v8i1.39435 

Al-Kaisi, M., Kwaw-Mensah, D., 2007. Effect of tillage and nitrogen rate on corn yield and 
nitrogen and phosphorus uptake in a corn-soybean rotation. Agron. J. 99, 1548–1558. 
https://doi.org/10.2134/agronj2007.0012 

Allen, R.G., S, P.L., Raes, D., Martin, S., 1998. Crop evapotranspiration : Guidelines for 
computing crop water requirements / by Richard G. Allen ... [et al.], FAO irrigation and 
drainage paper: 56. Rome. https://doi.org/10.1016/j.eja.2010.12.001 

Aly, A.A., Al-Omran, A.M., Khasha, A.A., 2015. Water management for cucumber: greenhouse 
experiment in Saudi Arabia and modeling study using SALTMED model. J. Soil Water 
Conserv. 70, 1–11. https://doi.org/10.2489/jswc.70.1.1 

Amin, M.T., Anjum, L., Alazba, A.A., Rizwan, M., 2015. Effect of the irrigation frequency and 
quality on yield, growth and water productivity of maize crops. Qual. Assur. Saf. Crop. 
Foods 7, 721–730. https://doi.org/10.3920/QAS2014.0519 

Anjum, L., 2013. Simulation of salinity buildup and corn (Zea maize) response under irrigation 
management practices using SALTMED model. PhD Dissertation, University of 
Agriculture, Faisalabad, Pakistan. 

Anjum, L., Ahmad, N., Arshad, M., Ahmad, R., 2014. Effect of different irrigation and 



24 
 

management practices on corn growth parameters. Pakistan J. Life Soc. Sci. 12, 106–113. 

Apostolakis, A., Wagner, K., Daliakopoulos, I.N., Kourgialas, N.N., Tsanis, I.K., 2016. 
Greenhouse Soil Moisture Deficit under Saline Irrigation and Climate Change. Procedia 
Eng. 162, 537–544. https://doi.org/10.1016/j.proeng.2016.11.098 

Arif, M., 2011. Effect of different rates of nitrogen and phosphorus fertilizers on growth and 
yield of maize. J. Agric. Res. 49, 333–339. 

Arsalan, M., Ahmed, S., Chauhdary, J.N., Sarwar, M., 2016. Effect of vermicompost and 
phosphorus on crop growth and nutrient uptake in mung bean. J. Appl. Agric. Biotechnol. 1, 
38–46. 

Bakhsh, A., Hatfield, J.L., Kanwar, R.S., Liwang, M., Ahuja, L.R., 2004. Simulating nitrate 
drainage losses from a Walnut Creek watershed field. J. Environ. Qual. 33, 114–123. 

Biswas, S., Akanda, M., S. Rahman, M., Hossain, M.A., 2015. Effect of drip irrigation and 
mulching on yield, water-use efficiency and economics of tomato. Plant, Soil Environ. 61, 
97–102. https://doi.org/10.17221/804/2014-PSE 

Chauhdary, J.N., 2018a. Modeling effects of different irrigation and fertigation strategies on 
maize (zea mays) response and salinity buildup in root zone under drip irrigation. PhD 
Dissertation, University of Agriculture, Faisalabad, Pakistan. 

Chauhdary, J.N., 2018b. Modeling effects of different irrigation and fertigation strategies on 
maize (zea mays) response and salinity buildup in root zone under drip irrigation , 
Department of Irrigation and Drainage University of Agriculture Faisalabad Pakistan. 
https://doi.org/http://prr.hec.gov.pk/jspui/handle/123456789/9319 

Chauhdary, J.N., Bakhsh, A., Arshad, M., Maqsood, M., 2017. Effect of Different Irrigation and 
Fertigation Strategies on Corn Production Under Drip Irrigation. Pakistan J. Agric. Sci. 54, 
855–863. https://doi.org/10.21162/PAKJAS/17.5726 

Chauhdary, J.N., Bakhsh, A., Engel, B.A., Ragab, R., 2019. Improving corn production by 
adopting efficient fertigation practices: Experimental and modeling approach. Agric. Water 
Manag. 221. https://doi.org/10.1016/j.agwat.2019.02.046 

Chauhdary, J.N., Bakhsh, A., Engel, B.A., Ragab, R., 2019. Improving corn production by 
adopting efficient fertigation practices: Experimental and modeling approach. Agric. Water 
Manag. 221, 449–461. https://doi.org/10.1016/J.AGWAT.2019.02.046 

Dağdelen, N., Yılmaz, E., Sezgin, F., Gürbüz, T., 2006. Water-yield relation and water use 
efficiency of cotton (Gossypium hirsutum L.) and second crop corn (Zea mays L.) in 
western Turkey. Agric. Water Manag. 82, 63–85. 
https://doi.org/10.1016/J.AGWAT.2005.05.006 

Daliakopoulos, I.N., Pappa, P., Grillakis, M.G., Varouchakis, E.A., Tsanis, I.K., 2016. Modeling 
Soil Salinity in Greenhouse Cultivations under a Changing Climate with SALTMED: 
Model Modification and Application in Timpaki, Crete. Soil Sci. 181, 241–251. 
https://doi.org/10.1097/SS.0000000000000161 



25 
 

El-Hendawy, S.E., Schmidhalter, U., 2010. Optimal coupling combinations between irrigation 
frequency and rate for drip-irrigated maize grown on sandy soil. Agric. Water Manag. 97, 
439–448. https://doi.org/10.1016/J.AGWAT.2009.11.002 

El-Sadek, A., 2014. Water use optimisation based on the concept of Partial Rootzone Drying. 
Ain Shams Eng. J. 5, 55–62. https://doi.org/10.1016/j.asej.2013.09.004 

Fghire, R., Wahbi, S., Anaya, F., Issa Ali, O., Benlhabib, O., Ragab, R., 2015. Response of 
Quinoa to Different Water Management Strategies: Field Experiments and Saltmed Model 
Application Results. Irrig. Drain. 64, 29–40. https://doi.org/10.1002/ird.1895 

Flowers, T.J., Ragab, R., Malash, N., Abdel Gawad, G., Cuartero, J., Arslan, A., 2005. 
Sustainable strategies for irrigation in salt-prone Mediterranean: SALTMED. Agric. Water 
Manag. 78, 3–14. https://doi.org/10.1016/j.agwat.2005.04.014 

Golabi, M., Naseri, A.A., Kashkuli, H.A., 2009. Evaluation of SALTMED model performance in 
irrigation and drainage of sugarcane farms in Khuzestan province of Iran. Journal of Food, 
Agriculture &amp; Environment 7, 874–880. 

Hammad, H.M., Ahmad, A., Azhar, F., Khaliq, T., Wajid, A., Nasim, W., Farhad, W., 2011. 
Optimizing water and nitrogen requirement in maize (Zea mays L.) under semi arid 
conditions of Pakistan. Pakistan J. Bot. 43, 2919–2923. https://doi.org/10.12691/ajphr-1-2-3 

Hassanli, M., Ebrahimian, H., Mohammadi, E., Rahimi, A., Shokouhi, A., 2016. Simulating 
maize yields when irrigating with saline water, using the AquaCrop, SALTMED, and 
SWAP models. Agric. Water Manag. 176, 91–99. 
https://doi.org/10.1016/j.agwat.2016.05.003 

Hirich, A., Fatnassi, H., Ragab, R., Choukr-Allah, R., 2016. Prediction of Climate Change 
Impact on Corn Grown in the South of Morocco Using the Saltmed Model. Irrig. Drain. 65, 
9–18. https://doi.org/10.1002/ird.2002 

Inamullah, Shah, N.H., Rehman, N., Siddiq, M., Khan, Z., 2011. Phenology , yields and their 
correllations in popular local and exotic maize hybrids at various nitrogen levels. Sarhad J. 
Agric. 27, 363–369. 

Jena, N., Vani, K., Velchala, P., Siva Sankar, A., 2015. Effect of Nitrogen and Phosphorus 
Fertilizers on Growth and Yield of Quality Protein Maize (QPM). International Journal of 
Science and Research 4, 197–199. 

Jiotode, D.J., Lambe, D.L., Dhawad, C.S., 2002. Growth parameters and water use studies of 
maize as influenced by irrigation levels and row spacings. Crop Res. Hisar 24, 292–295. 

Ju, X.-T., Xing, G.-X., Chen, X.-P., Zhang, S.-L., Zhang, L.-J., Liu, X.-J., Cui, Z.-L., Yin, B., 
Christie, P., Zhu, Z.-L., Zhang, F.-S., 2009. Reducing environmental risk by improving N 
management in intensive Chinese agricultural systems. Proceedings of the National 
Academy of Sciences of the United States of America 106, 3041–3046. 
https://doi.org/10.1073/pnas.0813417106 

Kaoutar, F., Abdelaziz, H., Ouafae, B., Redouane, C.A., Ragab, R., 2017. Yield and Dry Matter 



26 
 

Simulation Using the Saltmed Model for Five Quinoa (Chenopodium Quinoa) Accessions 
Under Deficit Irrigation in South Morocco. Irrig. Drain. 66, 340–350. 
https://doi.org/10.1002/ird.2116 

Kaya, Ç.I., Yazar, A., Sezen, S.M., 2015. SALTMED Model Performance on Simulation of Soil 
Moisture and Crop Yield for Quinoa Irrigated Using Different Irrigation Systems, Irrigation 
Strategies and Water Qualities in Turkey. Agric. Agric. Sci. Procedia 4, 108–118. 
https://doi.org/10.1016/j.aaspro.2015.03.013 

Khaled, H., Fawy, H.A., 2011. Effect of Different Levels of Humic Acids on the Nutrient 
Content, Plant Growth, and Soil Properties under Conditions of Salinity, Soil & Water Res. 

Loague, K., Green, R.E., 1991. Statistical and graphical methods for evaluating solute transport 
models: Overview and application. J. Contam. Hydrol. 7, 51–73. 
https://doi.org/10.1016/0169-7722(91)90038-3 

Mahmood, S., 2004. Development and calibration of surge irrigation performance evaluation 
model. PhD Dissertation, University or Engineering and Technology, Lahore, Pakistan. 

Mansour, H.A., Mehanna, H.M., El-hagarey, M.E., Hassan, A.S., 2013. Using Automation 
Controller System and Simulation Program for Testing Closed Circuits of Mini-Sprinkler 
Irrigation System. Open J. Model. Simul. 2013, 14–23. 

Maqsood, M.M., Abid, A.A., Iqbal, A., Hussain, M.I., 2001. Effect of variable rates of nitrogen 
and phosphorus on growth and yield of maize (Golden). J. Biol. Sci. 1, 19–20. 
https://doi.org/10.3923/jbs.2001.19.20 

Muhammad, S., Anjum, A.S., Kasana, M.I., Randhawa, M.A., 2013. Impact of organic fertilizer, 
humic acid and sea weed extract on wheat production in Pothowar region of Pakistan. 
Pakistan J. Agric. Sci. 54, 677–681. 

Pulvento, C., Riccardi, M., Lavini, A., Ragab, R., 2013. Saltmed Model To Simulate Yield and 
Dry Matter for Quinoa Crop and Soil Moisture Content Under Different Irrigation 
Strategies. Irrig. Drain. 238, 229–238. https://doi.org/10.1002/ird.1727 

Ragab, R., 2015. Integrated Management Tool for Water, Crop, Soil and N-Fertilizers: The 
Saltmed Model. Irrig. Drain. 64, 1–12. https://doi.org/10.1002/ird.1907 

Ragab, R., 2010. SALTMED Model as an integrated management tool for water, crop, soil and 
fertilizers. Irrig. Drain. 12, 1–12. https://doi.org/10.1002/ird.1907 

Ragab, R., 2002. A holistic generic integrated approach for irrigation, crop and field 
management: the SALTMED model. Environ. Model. Softw. 17, 345–361. 
https://doi.org/10.1016/S1364-8152(01)00079-2 

Ragab, R., Malash, N., Abdel Gawad, G., Arslan, A., Ghaibeh, A., 2005a. A holistic generic 
integrated approach for irrigation, crop and field management: 1. The SALTMED model 
and its calibration using field data from Egypt and Syria. Agric. Water Manag. 78, 67–88. 
https://doi.org/10.1016/J.AGWAT.2005.04.022 



27 
 

Ragab, R., Malash, N., Gawad, G.A., Arslan, A., Ghaibeh, A., 2005b. A holistic generic 
integrated approach for irrigation, crop and field management: 2. The SALTMED model 
validation using field data of five growing seasons from Egypt and Syria. Agric. Water 
Manag. 78, 89–107. https://doi.org/10.1016/J.AGWAT.2005.04.023 

Rameshwaran, P., Tepe, A., Yazar, A., Ragab, R., 2015. The Effect of Saline Irrigation Water on 
the Yield of Pepper: Experimental and Modelling Study. Irrig. Drain. 64, 41–49. 
https://doi.org/10.1002/ird.1867 

Silva, L.L., Ragab, R., Duarte, I., Lourenço, E., Simões, N., Chaves, M.M., 2013. Calibration 
and validation of SALTMED model under dry and wet year conditions using chickpea field 
data from Southern Portugal. Irrig. Sci. 31, 651–659. https://doi.org/10.1007/s00271-012-
0341-5 

Tayel, M.Y., El Gindy, A.M., Abdel-Aziz, A.., 2008. Effect of Irrigation Systems On : III-
Productivity and Quality of Grape Crop. J. Appl. Sci. Res. 4, 1722–1729. 

Vinten, A.J.A., Frenkel, H., Shalhevet, J., Elston, D.A., 1991. Calibration and validation of a 
modified steady-state model of crop response to saline water irrigation under conditions of 
transient root zone salinity. J. Contam. Hydrol. 7, 123–144. https://doi.org/10.1016/0169-
7722(91)90041-X 

 


	postprint cover - Elsevier 01
	Modeling crop growth
	The authors express their sincere thanks and gratitude to the “Punjab Agriculture Research Board (PARB), Pakistan” Higher Education Commission (HEC) and Water Management Research Centre (WMRC), UAF, Pakistan”, for providing financial and technical sup...


