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ABSTRACT 

 

Rania Gamal Ebrahim Mostafa: Improvement of on-Farm Irrigation 

Water Use Efficiency Based on Recent Approaches. Unpublished 

M.Sc. Thesis, Department of Agricultural Engineering, Ain Shams 

University, 2016. 

 

The field experiment was conducted at Wadi El-Natroon station of 

Water Management Research Institute, El-Behera Governorate, Egypt, to 

study the effect of surface and subsurface drip irrigation on onion yield 

and which would be the most appropriate irrigation level with effective 

depth of drip tape line and plant population. 

Data reviewed that onion yield production has been increased by 

about 15-25 % under surface drip comparing with sub-surface drip. 

Moreover, water saving had been increased by about 27% by using a 

developed criteria compared with a traditional calculation way of crop 

water requirement (Cropwat 8.1, FAO ). In addition, WUE had been 

improved by using the developed criteria, besides bulb size that called 

marketable yield was highest by using surface drip irrigation with a 

developed criteria. 

The obtained results revealed that: A clear difference is noticed 

between the calculated values of a developed criteria data range and the 

traditional method FAO. In the same time, the data recorded in two 

successive seasons, data show that surface drip irrigation was better than 

subsurface drip with 6 rows per lateral and had a mixed sizing bulb 

although 4 row per lateral had a large bulbs and 8 row per lateral had a 

small bulbs almost. 

The highest values of Kc in the initial stage was 0.78 and 0.76, in 

the mid-season was 1.15, 1.14 and 1.13and the end stage 1.15, 1.02 and 

0.93respectively. 

The highest values of ks in initial stages was 1.1 and 1 , in mid-

stages was 0.99 and 0.96 and in the ending stage was 0.96 and 0.94. 



The tendency of water distribution and its average content in the 

soil profile increase relevant to the irrigation under the CROPWAT 8.1 

comparing with A developed criteria. 

  

Keywords: Onion, Drip irrigation, Surface and subsurface drip irrigation, 

Water regime, Plant population, Vegetable crops. 

Agricultural water productivity, A developed criteria. 



ACKNOWLEDGEMENT 

 

The author wishes to thank "Allah" for the completion of this work. 

The author wishes to express her greatest appreciation and deepest 

gratitude to Prof. Dr. Abdel- Ghany M. El- Gindy, Prof. Emeritus of Agric. 

Eng., Fac. of Agric., Ain Shams Univ. for his kind supervision, packing up, 

guidance, encouragement and providing all the required facilities. 

Also, special gratitude towards Dr. Yasser Ezzat Arafa, Assoc. Prof. of 

Agric. Eng., Fac. of Agric., Ain Shams Univ. for his advices and continuous 

support to fulfill this work and suggesting the theme of this research; 

supervising, revising and precious advices during the course of the work. 

Sincere appreciation for Dr. Hesham Abdel-Monem Farag, Senior 

Researcher, Agricultural Engineering Research Institute, Agricultural Research 

Centre, for his advices and continuous support to fulfill this work, supervising, 

revising and precious advices during the course of the work. 

 I would like to express my sincere thanks to my family specially my 

mother for her kind support although there isn’t enough words to thank her also 

my dad Mr. Gamal Ibrahim Mostafa and my husband Eng. Mohamed Kamal 

El-Din Mousafa for their support. 

Special thanks from my heart for my grandfather and my grandmother for 

their praying and keep asking Allah to help me. 

Also, I would like to express my deepest appreciation to my sister, my 

brother and my kids for their patience and their great suffering during the 

preparation of this study. 

 Special thanks to all stuff members of Agricultural Engineering 

Department, Faculty of Agriculture, Ain shams University. 

Thanks to all who had lent me a hand to fulfill this research work.



CONTENTS 

 

 Page 

LIST OF TABLES……………………………………………………. III 

LIST OF FIGURES………………………………………………….. IV 

INTRODUCTION……………………………..……………………. 1 

REVIEW OF LITERATURES …………………………….. …..                                                  3 

2.1.  Definitions of Irrigation……………………………..…………… 3 

2.2.  Drip Irrigation ……………………………..………………………                                                                                                 4 

2.2.1. Definitions of drip irrigation ……………………………..                                                                            4 

2.2.2. Advantages and Disadvantages of drip irrigation……. 7 

2.3.  Onion water use and consumptive use………………………….. 8 

2.4. Suitability of different irrigation systems for onion yield…. 12 

2.5. Determination of crop water and irrigation requirement…….                                 14 

2.6. Uniformity of water through subsurface drip irrigation (SDI)                        15 

2.7. Estimation the uniformity of drip system, water requirement 

and  Irrigation application…..…..…..…..…..…..…..…..…..…..….. 16 

2.8.  Response of onion (Allium cepa L.) to different levels of 

irrigation water…..…..…..…..…..…..…..…..…..…..…..…..…..…..     19 

2.9.      Determination of optimal depth for drip tape…..…..…..….. 20 

2.10.    Effects of drip tape emitter spacing on yield and quality      21 

2.11. Effect of soil-water stress on onion yield and quality in 

sandy soil…..…..…..…..…..…..…..…..…..…..…..…..…..…..…..… 21 

2.12. Crop coefficients and yield response factors for onion 

(Allium cepa L.) under deficit irrigation…..…..…..…..…..….. 23 

MATERIALS AND METHODS…..…..…..…..…..…...…..…..… 25 

3.1. Location and soil of experimental field plot…..…..…..…..….. 25 

3.2. Weather conditions…..…..…..…..…..…..…..…..…..…..…..…..…..                                                                                         25 

3.3. Irrigation system …..…..…..…..…..…..…..…..…..…..…..…..…..…                                                                                           28 

3.3.1. Irrigation system network component…..…..…..…..….. 28 

3.3.2. Experimental design and layout…..…..…..…..…..…..….. 29 

3.4. The cultivated crop…..…..…..…..…..…..…..…..…..…..…..…..….. 32 



 

 
II 

 Page 

3.5. Agronomic operation…..…..…..…..…..…..…..…..…..…..…..….. 32 

3.5.1. Crop maturity and harvest …..…..…..…..…..…..…..…..…..….. 33 

3.6.Treatments…..…..…..…..…..…..…..…..…..…..…..…..…..…… 

3.7.Measurement and calculations…..…..…..…..…..…..…..……  

33 

34 

3.7.1. Computation of crop coefficient, water stress 

coefficient, irrigation water management and yield 

respond factor…..…..…..…..…..…..…..…..…..…..…..…..…. 

 

 

34 

3.7.1.1. Computation of crop coefficient under deficit 

irrigation treatment(kc) …..…..…..…..…..…..…..…..…..                                                   

3.7.1.2. Computation of water stress of coefficient(ks) ….. 

3.7.1.3. Computation of irrigation water requirements….. 

34 

34 

35 

3.7.2. Calculation methods of the applied amounts of 

irrigation water…..…..…..…..…..…..…..…..…..…..…..….. 36 

3.7.3. Distribution uniformity of irrigation systems…..…..….. 40 

3.8.Crop measurements…..…..…..…..…..…..…..…..…..…..…..….. 41 

3.9.Onion yield and quality characters…..…..…..…..…..…..…..  42 

RESULT AND DISCUSSION…..…..…..…..…..…..…..…..….. 44 

4.1. Crop water use as response to water stress and crop 

coefficients under deficit irrigation conditions…..…..…..….. 44 

4.1.1. Effect of drip irrigation systems and subsurface buried 

lateral depths and water stress coefficients…..…..…..….. 44 

4.1.2. Crop coefficient as response to deficit irrigation conditions 49 

4.1.3. Seasonal Values of Crop Water Use (SCWU) and Water 

Use Efficiency (WUE) …..…..…..…..…..…..…..…..…..….. 56 

4.2. Soil water and salts distribution patterns under deficit 

irrigation treatments …..…..…..…..…..…..…..…..…..…..…..…..… 67 

   4.2.1. Soil water distribution patterns…..…..…..…..…..…..…..….. 67 

4.2.2.Salts distribution patterns…..…..…..…..…..…..…..…..…..…..…. 72 

4.3. Relative yield decrease and water use efficiency under 

deficit irrigation conditions…..…..…..…..…..…..…..…..…..….. 

 

75 

4.4. Onion yield quality response factors under deficit irrigation 

factors…..…..…..…..…..…..…..…..…..…..…..…..…..…..…..…..…..  81 



 

 
III 

 Page 

SUMMARY AND CONCLUSIONS…..…..…..…..….…..…..….. 92 

REFERENCES …..…..…..…..…..…..…..…..…..…..…..…..…..…..….. 95 

ARABIC SUMMARY…..…..…..…..…..…..…..…..…..…..…..…..…..  

  

 



 

 
IV 

LIST OF TABLES 

 

No.  Page 

1.  Soil Physical Properties of Wadi EL Natroon Site….. 26 

2.  Soil Chemical Properties of Wadi El Natroon Site. 26 

3.  Chemical Analysis of Irrigation Water…..…..…..…. 26 

4.  The Mean Values of Meteorological Data for the 

Study Area…..…..…..…..…..…..…..…..…..…..…..…..  27 

5.  Production operations and crop growth parameters for 

this study…..…..…..…..…..…..…..…..…..…..…..…..…..….. 32 

6.  water stress coefficient under deficit irrigation 

conditions…..…..…..…..…..…..…..…..…..…..…..…..…..….. 45 

7.  Onion crop coefficient under surface drip irrigation 

system at different deficit irrigation condition…..…..….. 50 

8.  Onion crop coefficient under sub-surface drip irrigation 

system at different deficit irrigation conditions…..….. 51 

9.  Water consumption use (2012/2013) …..…..…..…..….. 59 

10.  Water consumption use (2013/2014) …..…..…..…..….. 61 

11.  Applied irrigation water and water use efficiency for 

two seasons(2012-2013) and (2013-2014) .….. .….. .….. 64 

12.  Relative yield under deficit irrigation conditions at 

surface drip irrigation system.….. .….. .….. .….. .….. .….. 78 

13.  Relative yield under deficit irrigation conditions at sub-

surface drip irrigation system.….. .….. .….. .….. .….. .….. 79 

14.  Onion yield crop quality response factors under deficit 

irrigation conditions under surface drip irrigation 

system.….. .….. .….. .….. .….. .….. .….. .….. .….. .….. .….. . 84 

15.  Onion yield crop quality response factors under deficit 

irrigation conditions under sub-surface drip irrigation 

system.….. .….. .….. .….. .….. .….. .….. .….. .….. .….. .….. . 85 

 



 

 
V 

LIST OF FIGURES 

 

Fig. No. 

 

 Page 

1 Experimental Layout.….. .….. .….. .….. .….. .….. .….. 30 

2 Experimental Plot Design.….. .….. .….. .….. .….. .….. 31 

3 Water stress coefficient under surface drip irrigation 

systems at different deficit irrigation conditions.….. .…..  46 

4 Water stress coefficient under subsurface drip irrigation 

system (10 cm) at deficit irrigation conditions.….. .….. 47 

5 Water stress coefficient under subsurface drip 

irrigation system (20 cm) at different deficit 

irrigation conditions.….. .….. .….. .….. .….. .….. .….. 48 

6 Onion crop coefficient under surface drip irrigation 

system at different deficit irrigation conditions.….. 53 

7 Onion crop coefficient under subsurface drip irrigation 

system(10 cm) at different deficit irrigation conditions. 54 

8 Onion crop coefficient under subsurface drip 

irrigation system (20 cm) at different deficit 

irrigation conditions.….. .….. .….. .….. .….. .….. .….. 55 

9 Water distribution around surface (a) and 

subsurface (b, c) emitter at 10, 20 cm depth based 

on developed criteria at 100% of  ETc.….. .….. .….. 68 

10 Water distribution in the soil around surface (a) and 

subsurface (b, c) emitter at 10, 20 cm depth based 

on developed criteria at 70% of  ETc.….. .….. .….. .…. 69 

11 Water distribution around surface (a) and 

subsurface (b, c) emitter at 10, 20 cm depth based 

on FAO at 100% of ETc.….. .….. .….. .….. .….. .….. .… 70 

12 Water distribution around surface (a) and 

subsurface (b, c) emitter at 10, 20 cm depth based 

on FAO at 70% of ETc.….. .….. .….. .….. .….. .….. .…..  

 

 

71 



 

 
VI 

Fig. No. 

 

 Page 

 

13 Salt distribution  around  surface (a) and subsurface 

(b & c) emitter at 10, 20 cm depth under 100% of 

ETc based on a developed criterion.….. .….. .….. .….. 73 

14 Salt distribution around surface (a) and subsurface 

(b & c) emitter at 10, 20 cm under 100% of ETc 

depth based on FAO.….. .….. .….. .….. .….. .….. .…..  74 

15 Harvest index under surface and subsurface 

irrigation method.….. .….. .….. .….. .….. .….. .….. .….. 80 

16 Biological yield under surface and subsurface 

irrigation method.….. .….. .….. .….. .….. .….. .….. .….. 80 

17 Total dry weight of bulbs.….. .….. .….. .….. .….. .….. 87 

18 Total dry weight of leaves.….. .….. .….. .….. .….. .….. 87 

19 Marketable yield table.….. .….. .….. .….. .….. .….. .….. 88 

20 Non-marketable yield table.….. .….. .….. .….. .….. .….. 88 

21 Sizing at surface drip irrigation system under 

different deficit irrigation conditions.….. .….. .….. .…. 89 

22 Sizing at subsurface drip irrigation system 

under(10cm)  different deficit irrigation 

conditions.….. .….. .….. .…. 90 

23 Sizing at subsurface drip irrigation system(20cm) 

under different deficit irrigation conditions.….. .….. 91 

   



7 
 

INTRODUCTION  

 

Rania G.I. Mostafa (2016),M.Sc. Fac. of Agric., Ain shams Univ. 
 

I. INTRODUCTION 

 

Egyptian agricultural development processes depends 

entirely, on the water conveyed by River Nile. This water represents 

about 97% of the natural water resources of Egypt and about 68% of 

Egypt’s water footprint. Owing to the accord of 1959, Egypt’s share 

of Nile water was determined by 55.5 billion cubic meters annually 

as a limited constant share. Recently, the Egyptian per capita share 

diminished to 620 m
3
 /year, so they are under the water poverty line 

(1000m
3
 / year) in the present time (FAO 2008). The Egyptian rapid 

population increase and the distinguished sustainable agricultural 

development strategy and attributed policies multiplies the stresses on 

water supplies by more water requirements and increased irrigation 

water use efficiencies to meet higher food demands. 

Hereby, agricultural water should be utilized as a rare 

commodity. Lot of procedures could be followed to maximize the 

water use efficiency, some of them are related to the soil, and some 

are related to the plant, and others belong to on-farm irrigation 

systems themself.  One of the most important challenges facing 

sustainable agriculture is to provide crops with optimal quantity of 

water and nutrients efficiently based on it's need throughout the 

growing season with efficient method possible. Therefore, 

pressurized irrigation systems in general and drip irrigation systems 

in particular may be considered as a curcial way for this regard, this 

may be due to improve on-farm water use efficiency and rationalize 

irrigation water. Moreover, the adaptation of calculated method of the 

required applied amount of appropriate irrigation water to the plant 

needs within different growth stages, would save any losses of water 

and give the plant the precise essential needs of water and nutrients 

for its optimal growth and production. 
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INTRODUCTION  

 

Rania G.I. Mostafa (2016),M.Sc. Fac. of Agric., Ain shams Univ. 
 

Onion is considered as one of the most important vegetable 

crops grown in the world, However, Egypt is 7
th

 of the largest 

producer of onions in the world(FAO 2008) due to its medical and 

fresh uses for human health, as well as, its potentiality for expert it. 

Water management of onion crop has a significant effect on its 

production. Both, irrigation system, water management and level of 

deficit conditions, the applied technology and its management 

processes have a significant effect on onion's productivity and 

quality. 

Therefore, the aims of this study were to: 

 Evaluate the response of onion crop to different drip 

irrigation systems and the levels of deficit irrigation. 

 Investigate the effective buried depth of lateral for 

subsurface drip irrigation systems and its effect on 

onion crop yield and quality. 

 Investigate water and agronomical technologies 

management on onion yield and quality. 



 

Rania G.I. Mostafa (2016),M.Sc. Fac. of Agric., Ain shams Univ. 
 

2. REVIEW OF LITERRATURE 

 

2.1. Definitions of Irrigation: 

Su and Midmore (2005) defined irrigation as an age-old practice 

and has been continuously refined to meet different requirements. 

El-Gindy (2007) said that irrigation is generally known that the 

process of adding water to the root zone of the plant to cover the water 

needs of the crisis for growing with the leaching of salts to maintain the 

level of salt in the appropriate limits to give higher yield but he also 

define the irrigation methods as supply ground water either flooding 

irrigation or in the form of falling water droplets on the surface as in spray 

irrigation or plug next to the plant, as in irrigation objective or from the 

bottom of the root zone as in the sub-surface irrigation. 

 

So, on-farm irrigation methods is as following:- 

1. Surface (gravity) irrigation. 

2. Pressurized irrigation (sprinkler irrigation – localized irrigation). 

3. Sub-irrigation. 

 

The types of pressurized irrigation is (surface drip irrigation- 

subsurface drip irrigation, bubbler system – mini sprinkler or micro-jet 

spray). 

Larry (2007) said that the objective of irrigation is to maintain a 

favorable plant water environment to optimize crop growth. 

Childs (2010) indicated that “irrigation system” means any device 

or combination of devices having a hose, pipe, or other conduit which 

connects directly to any source of ground or surface water, through which 

water or a mixture of water and chemicals is drawn and applied to land, 

crops or plants. The term does not include any hand-held sprayer or other 

similar device which is constructed so that an interruption in water flow 

automatically prevents any backflow into the water source. 


