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Abstract 
 

In many local fields, the farmers applied irrigation water in their fields 

greater than the required by the plants, and then water was lost as farm losses 

and the values of the irrigation efficiencies were dropped below the 

acceptable limits especially in surface irrigation. In this paper an evaluation 

of the irrigation efficiencies for a field by using furrow irrigation system was 

conducted using modern irrigation apparatus as watermarks soil water 

content sensors. The study work was conducted in a filed site was located 

within Al-Yusifyah Township, 30 km south of Baghdad. Eggplant was 

cultivated in the summer growing season of 2013. Daily soil water content 

was measured by using watermarks soil moisture sensors installed in five 

levels of root zone depths according to crop growth stages. Measurements for 

soil water content were starting from the planting date till harvest time.  In 

each irrigation process discharge was applied, time of irrigation and soil 

water content before irrigation was recorded for each irrigation process. 

From the obtained results show that the irrigation process carried out by the 

farmer was always done when the deficit in the soil moisture was less than 

the limit of readily available water and the percentage of depletion was 

always less than the recommended value. The soil water depletion before  
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irrigation was ranged among 3 % to 24.1 % by an average value of 9 %. This 

calculated value was below the management allowable depletion by 495 %.  

Additionally, the irrigation efficiency for the applied water was ranged 

among 13 % to 83 % with an average value of 47 %. The average farm losses 

were 53 % as a deep percolation. 

 

Keywords: soil moisture sensors, irrigation efficiency, atmometer and soil 

depletion. 

 

 
1 Introduction 
 

An irrigation schedule anticipates when the crop needs its next applied 

water, and the amount required. Irrigation scheduling was a procedure of 

simple tool to attain the quality and yields required.  Many methods can be 

used to estimate crop consumptive use and help the farmers to schedule the 

irrigation. The most common method was to use indirect procedure it is an 

equation to estimate the crop evapotranspiration (ET) for a reference crop 

and relate that to other crops [5]. In other words, irrigation scheduling was 

mainly depending on the soil water depletion and the result was affected the 

yields. In [7], examined the efficiency of applied planned soil water depletion 

in determine the irrigation scheduling for irrigated corns as a procedure of 

saving and protecting the groundwater. The study was carried out in a field 

of silt loam soil located in Kansas. Ended level basin as a method of surface 

irrigation system was used. The obtained results shows that the reduction in 

the applied water by 0, 1 and 2 mm/day resulted yield as linearly reductions 

values.      

Schedule irrigation was used to simulate corn yields under variable 

rainfall conditions and computed net returns by using weather data as well as 

evapotranspiration under variable well capacities, management available 

depletion level, and initial soil water availability level. The adjustment of 

allowable depletion level, avoid unnecessary irrigation event while net return 

will be increases [8]. The checkbook irrigation scheduling method is done for 

a point in the field. Each field must be scheduled separately because of 

variation due to crop, soil type, irrigation method, irrigation amount and 

rainfall [17]. Software and new technologies are used in the irrigation 

schedule for more saving water and increases in water use efficiencies. GIS 

method and techniques and CropWat model beside crop water requirement, 

irrigation withdrawals, soil type and climatic conditions were obtained to 

achieve effective planning.  
Based on the water deficit analysis, recommended supplemental 

irrigation schedule was developed [5]. An exact calculation of crop 

evapotranspiration (ETc) in greenhouses is critical for precise water resource 

administration and active irrigation scheduling.  In [13], investigated  
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validated and calibrated the sim dual (kc) model by reading of data from a 

four-season experiment to assess the ETc of hot pepper grown in a 

greenhouse located in Northwest China. It is needful to develop 

understanding of factors and procedures that happen inside shade-houses, 

between that real evapotranspiration, calculated from crop areas, is one of the 

main factors influenced on calculation of water balances. This is requisite so 

as to receive suitable and adequate evaluations of water requirement for 

designing of irrigation system to merge with other administration phases for 

example, fertilization of crop, insect and disease control in these guided 

environments [13]. Field experiments were conducted for two consecutive 

summer seasons to investigate the effect of irrigation regimes, irrigation 

water amounts and irrigation intervals on maize growth and field in addition 

to their effect on the soil water content. Irrigation schedule of 10 days 

irrigation intervals gave highest values of plant height, grin yield and field 

water use efficiency [3]. Modern irrigation technologies were improved an 

efficient irrigation. In [6], improved approaches for efficient irrigation 

management by adopting simplified, accurate and update apparatus for 

measuring the daily soil water content and observing the farmer experience 

in applying the irrigation water. 

The obtained results showed that the new apparatus could be used 

successfully in management the irrigation process with saving more water. In 

[9] , examined the effect of irrigation depth and frequency on corn yield and 

components. Three applications of irrigation depths were used (60, 90 and 

120mm) and irrigation frequency of 5 and 10 days. The obtained results 

show that applying 5 days irrigation frequency and 120 mm irrigation depth 

was the superior in ears number per plant, plant yield and grain yield. 

 Irrigation parameters such as productivity and water use efficiency could 

be improved by applying new irrigation systems. In [10], their experiment 

work that sub trickle and trickle irrigation systems could be used to reduce 

the field losses comparing with normal irrigation. Maize was cultivated in 

different plots. The obtained results showed significant difference in grain 

yield between surface and subsurface trickle irrigation in the different plots. 

 Trials are to used new irrigation and apparatus tools is continue in 

progress, [11] test the applying of PVC pipe of diameter 200mm, 6m long 

with multi groves in irrigation comparing with normal irrigation on plant 

growth. The grooves inside the pipe were filled with sand and pitmos. The 

obtained results showed that plant growth was better in pipe’s groove than by 

using normal irrigation. Moreover, this technique achieved lower water 

consumption and better growth.  

 Additionally, for more application of new techniques, [1] using the 

remote sensing technique to investigate soil water parameters. The test was 

studied for ten soils units selected from north Kut project. The obtained 

results showed that there were significant relationships between remote  

 



 

                                                                                                                  
 

 

 

 

sensing data and the field data of different soil moisture contents with 

coefficient of determination value averaged 0.99.   

 The objectives of this paper were to evaluate the soil water depletion 

before irrigation process with the management allowable depletion 

recommended for the eggplant field, moreover, to evaluate the irrigation 

efficiency for the existing irrigation system by using the watermarks sensors. 

   

2 Materials and Methods 
 
2.1 Location of the Field Study 
 
 The research field for this study was located within AL-YUSIFIYAH 

township, AL-QASIR region which lies north of ALMAHMODIYA district, 

30 km south of Baghdad. The field was located at (Latitude 36o 62’ 18” N 

and Longitude  43o 09’ 16” E Altitude 30m). Fig. (1) shows Google map for 

the location of the field site. The main source of the water for the Yusufiya 

River was fed from the Euphrates River through Fallujah channel. The usual 

method used to irrigate the field study was the furrow irrigation system. The 

approximated total field area was 12500 m2. Eggplant (Solanum melongena 

L.) was used in the study; the cultivated area was about 870 m2.  The 

laboratory analyzes of the soil samples were conducted in the laboratories of 

the National Center for Water Resources (NCWR) of Ministry of Water 

Resources (MoWR). The objective of the analysis was to verify the physical 

characteristics of the soil in order to determine the texture of the soil and all 

soil physical properties. The soil texture was silty clay with apparent specific 

gravity was equal to 1.34. Soil water content at field capacity and permanent 

wilting point was 34.4 and 21.8 % by volume, respectively [6][2,12,14,21].  

  

 

 

 
 

 

 

 

 

 

 

 

 

 
Figure 1: Google map for the research site 
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2.2 Apparatus Used 
 

2.2.1 Watermarks Soil Moisture Sensor 
 

 An"apparatus called watermark sensors are widely use and have many 

of favorable technical characteristics for on farm use, due to its low cost, ease 

of installation and durability. These sensors typically require site calibration 

of the threshold soil-moisture content to which the soil will be allowed to dry 

before irrigation will be permitted. The patented watermark sensor is a solid-

state electrical resistance sensing device that is used to measure soil water 

tension. This type of sensor consists of two electrodes embedded in a 

reference matrix material, which is confined within a corrosion-proof and 

highly permeable case (unit range from (0-wet- to 200 cb- dry). As the 

moisture level increases, conductivity increases, and the sensor is calibrated 

to output the moisture level in terms of soil tension. A relationship between 

moisture tension and volumetric percentage is developed.  In this study a 

total of five numbers of watermarks sensors were used in the field area 

within the root zone of eggplant at depths 15, 30, 45, 75 and 95 cm".   

 

2.2.2 Crop Evapotranspiration (Etc) 
 

"Crop or actual evapotranspiration was measured by using the 

watermarks sensors. ETc value was equal to the difference between two 

consecutive readings within the root zone. The first reading was done at 

11:45 am, and the second reading for the next day was conducted at 12:00 

pm (when no irrigation and rainfall are recorded), the difference was 

represents the actual consumptive water use and according to the water 

balance model" [4]: 

Soil water content today= Soil water content yesterday+I+R- ETc              (1)        

Where: 

I = irrigation water applied (mm), 

R= effective rainfall (mm) and, 

ETc = crop evapotranspiration (mm/day).   

Depth of applied water (dg) 

 Total irrigation depth of applied water was calculated [15]according to 

the following equation : 

dg=Q*t*1000*3600/A                                                                                   (2) 

Where:  

dg = depth of applied water (mm), 

Q = applied discharge (m3/sec), 

t = time of irrigation (hrs.), and 

A = net irrigated area (m2)". 

 

 
 



 

                                                                                                                  
 

 
 

 

 

2.2.3 Soil Moisture Deficit (Smd) 
 

Soil Moisture Deficit was calculated at five levels of soil depths; 0- 

150,150-300, 300-450, 450-750 and 750 - 950 mm, respectively and just 

before each irrigation. The difference in moisture content (on volume basis) 

before irrigation was between the field capacity from different depth up to 

the root zone and was given the value of SMD as follows [19]:                         

SMD=(R.Zi*(F.C.-initial))/100                                                                     (3) 

Where: 

SMDi = soil moisture deficit at ith depth (mm),  

R.Zi = ith depth of root zone (mm),  

F.C. = volume basis moisture content  at field capacity (%), 

Iinitial = moisture content on volume basis in the ith layer (%). 

The average net depth of water needed to bring up the field to the field 

capacity level was formed by adding the SMD needed in each layer as 

follows:                                                         

                                                                                       (4)    

                                                         

2.2.4 Root Zone Depth (R.Z.) 
 

In this study the root zone for the eggplant was measured by excavating 

the soil all around the plant area carefully and then measured the root depth 

by tape. The measurement process was conducted from the first irrigation 

process when the crop was in the initial stage till the last irrigation process; 

the root zone depth was ranged between 20 mm to 900 mm. 

 
2.2.5 Management Allowable Depletion (MAD) 

 

Management allowable depletion is the degree to which the amount of 

water in the soil was allowed to be depleted before the next of the applied 

water and in the condition of the plant is not under soil water stress 

condition. MAD as a percentage value is considered as the ratio of readily 

available water (RAW in mms) and the total available water (TAW in mms). 

In this work the desired MAD value for eggplant was taken to be an average 

value of 45 % for the whole growing stages as recommended by FAO [15].  

The following equation was applied [20]: 

MAD = RAW/TAW * 100                                                                           (5)           

 

2.2.6 Irrigation Efficiency (Ie) 
 

Irrigation Efficiency as a percentage value was determined from the soil 

moisture data based on the definition as the depth of water store in the root 

zone to depth of water applied which calculated from Eq.2 as follows [18]:     
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IE = dn/dg                                                                                                     (6) 

 

3 Results and Discussion 
 

From the obtained results and analysis, the percentage of the soil water 

depletion and the irrigation efficiency values were evaluated and discussed. 

 

3.1 Soil Water Depletion 
 

Eggplant plant was starts in planting at 15th of April 2013, and the 

harvest time was ended at 12th of August 2013. Daily soil water content 

(initial) was measured at different root depths and the soil water depletion 

through the growing season was calculated accordingly before irrigation 

starting from 19th. of April till the last irrigation process at 8th. of August, by 

applying Eq. 3.. Table (1) shows date of irrigation, the soil water content and 

soil moisture depletion before the irrigation processes through the growing 

season of the eggplant at different root depths. From Table (1), the soil water 

content (SWC) at depth 300 mm and deeper for the whole growing season 

was showed values more than the value of the field capacity. The reasons for 

this matter were due to: a- the depth of applied water which was more than 

the required depth and the excess water goes deep percolation. b- The water 

level in the water channel near by the field site was higher than the field 

surface. Moreover, an artificial fish lake was also nearby the farm field, so 

that the water table rises up, and c- the field drains system may be not 

sufficient well to drain out the excess water in the second soil moisture 

sensor within the depth of the root zone. 

From Table (1) the values of the soil water depletion before irrigation 

processes was ranged from minimum value of 3 % to maximum value of 

24.1 %, with an average value of 9 % which was less than the recommended 

value [16] by 495 %. The depletion of the soil moisture was only from the 

top soil and only from the first 150 mm of the soil depth. The farmer applied 

the irrigation water to the field without considering any irrigation scheduling 

and was only depends on the experience of feeling the soil moisture by 

hands. Fig. 2 shows the variation of the percentage of the soil water depletion 

before the irrigation processes through the growing season comparing with 

the recommended value by [16].  

 

 

 

 

 

 

 

 

 



 

                                                                                                                  
 

 

 

 

  

Figure 2: Variation of the soil water depletion before irrigation processes through 

the growing stages of the eggplant 

 

 

 

 

Table 1: Date of irrigation, soil moisture content and the soil water depletion before 

irrigation process through the growing season of the eggplant at different root zone 

depths. [6] 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 * Calculated based on Eqs. 3 and 4.N.A. Not applicable. 
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3.2 Irrigation Efficiency 
 

Irrigation efficiency (IE) indicates the percentage ratio between depths of 

water stored in the root zone (dn) to the depth of applied water (dg). Table 2 

shows date of irrigation, depth of applied water, soil moisture deficit before 

irrigation (SMD), depth of water stored in the root zone and irrigation 

efficiency. 
 

Table 2: Date of irrigation, depth of applied water, SMD, depth of water stored in 

the root zone, and irrigation efficiency through the growing season of the eggplant 

plant. 

 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                * Calculated based on Eq. 3 

+ Calculated based on Eq. 2 (6) 

++ Calculated based on Eq. 6 

 
 From Table (2), the soil moisture deficit before irrigation was ranged 

among 0.35 to 10.1 mm. It was recognized that always the upper zone of the 

soil within first 150 mm was less than the field capacity limit and the 

depletion almost low this was due to the reasons discussed before and due to 

the capillary rises from the lower saturation zones. The soil moisture deficit 

 

  

 

 

 

 



 

                                                                                                                  
 

 

 

was equivalent to the net depth required to raise the limit of the soil water 

content to the field capacity. The depth of applied water was calculated based  

on Eq.6 and was ranged between 13 % to 83 % with an average value of 47 

%. Through the application of the irrigation water no surface runoff was 

observed, so in this case all the water losses were deep percolation and equal 

to 53 %. Almost more than half of the water was lost. The farmer applied the 

irrigation water even the lower soil zones were saturated. 

 

4 Conclusion 
 
 From this paper, the following conclusions were found: 

 The soil water content as indicated by the watermarks sensors 

recording was almost at saturated condition especially for depth more than 

150 mm and water raises from the lower soil depths by capillary. 

 The irrigation processes were continued although the soil 

depletion values were lower than the recommended value (45 %). 

 The evaluation of the irrigation efficiencies values of the furrow 

irrigation systems was almost low. 

 Water losses were as deep percolation.  

 Using the modern irrigation technology will support the decision 

of irrigation scheduling when and how much applied water. Moreover, 

saving irrigation water will be the main goal. 

 Selection of the field site was the main item for higher 

production and more profit to the farmer(s) away from higher ground water 

level, good field drain, higher lake and higher water channels.  
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