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ABSTRACT 

 
A surface drip irrigation using a single lateral (SSDI) or double laterals/plant 

row (DSDI) , subsurface drip irrigation using single lateral (SSSDI) or double 
laterals/plant row (DSSDI), gated pipes (GP) and traditional surface irrigation (TSI) 
were applied with maize (Single Cross,10) during the summer season 2007 at Sakha 
Agricultural Research Station Farm , Kafr El-Sheikh Governorate, Egypt in order to 
study the effects of these irrigation systems on maize yield and water use efficiency. 
Both drip irrigation systems included 16 mm diameter drip-lines, with emitters 
discharging about 2L/h and spacing 0.5 m. The subsurface drip irrigation system was 
installed before the crop seeding, where its laterals (16 mm drip-lines), were buried 
0.6 m apart at 15cm below soil surface so that they are not affected by the cultivation 
practices during the current growing season . The aluminum gated pipes (150 mm 
diameter) were located at the head of the irrigated field and connected directly with 
the irrigation pump. The experimental layout of irrigation systems included six 
replications for each of the six irrigation systems .The design of this experiment is 
randomized complete blocks(RCB).  
      Water applied was obviously affected by irrigation systems . The DSSDI 
system was more effective since it received the lowest depth of irrigation water (55.7 
cm.) followed by SSSDI (58.7 cm) and DSSDI system (60.1 cm). On the other hand, 
TSI system received the highest amount of irrigation water (79.4 cm) followed by GP 
system (72.2 cm). From the statistical analysis of the harvested maize yields, it has 
been found that their values are significantly different for all irrigation systems. Maize 
yields are high for GP and SSSDI irrigation systems and varied between 26.6 to 23.85 
ardab /fed. for both systems, respectively. On the other hand , the grain yields are low 
with SSDI and DSSDI systems which varied between 20.14 and 19.04 ardab /fed. for 
both systems, respectively. The straw yield took the same trend that is found with the 
grain yield. Water use efficiencies expressing the maize yield per m3 water applied 
ranged from 0.96 to 1.355 kg/m3 water for TSI and SSSDI systems, respectively. The 
effect of different irrigation systems on water use efficiency took the following 
descending order: SSSDI > GT >DSDI >DSSDI > SSDI >TSI systems. Approximately, 
the same trend was found with irrigation water use efficiency which related to both 
grain yield and total water consumptive use.     
Keywords: subsurface drip irrigation, drip irrigation, gated pipes, water depths, maize 

yield, water use efficiency. 
 

INTRODUCTION 
 

Population increase and the improvement of living standards brought 
about by development will result in a sharp increase in food demand during 
the next decades. Most of this increase will be met by the products of 
irrigated agriculture. At the same time, the water input per unit irrigated area 
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will have to be reduced in response to water scarcity and environmental 
concerns. Water productivity is projected to increase through gains in crop 
yield and reductions in irrigation water. In order to meet these projections, 
irrigation systems will have to be modernized and optimized. So, Egypt has to 
improve irrigation techniques and find out the possible ways for rationalize 
irrigation water. Pressurize irrigation systems (surface or subsurface drip) and 
the improved surface irrigation using gated pipes are a relatively new method, 
which has been considered to be proper irrigation systems, which have to be 
applied for irrigating field crops in old valley where land texture is often clay. 
Also water is considered the major constraint for any policy to increasing 
agriculture productivity, since the person's supply of water is seemed to be 
constant with the time, water demand is augmenting to face the increasing in 
population, thus it was necessary to control and manage the available water 
supply to face overuse problem and minimize water losses to improve 
irrigation efficiency  ( Badawy , et al 2001).  On the other hand, Hanson and 
Petterson, (1974) showed that water use efficiencies were highest for surface 
drip and sprinkler systems with sweet corn comparing with furrow  and 
subsurface systems. Part of the reduction in the applied water can be 
achieved by shifting the irrigation system from surface irrigation to drip 
irrigation systems (on surface or subsurface). The use of subsurface drip 
irrigation (SSDI) has been motivated by its advantages that include higher 
crop yields and water application efficiency compared to any other irrigation 
methods including surface drip irrigation (SDI) (Sakellariou- Makrantonaki et 
al, 2002 and Kalfountzos et al ,2004).The advantages of SSDI comparing 
with SDI are related to the fact that the wetted soil volume develops closer to 
the root system while the soil surface remains dry hence evaporation losses 
from the topsoil are limited or negligible (Phene and Ruskin ,1995). There are 
also some additional practical advantages associated with SSDI. The 
relatively dry soil surface under SSDI permits farm equipment access and 
movement during the whole irrigation period and reduces , significantly weed 
growth (Solomon , 1993). In addition, the permanent installation of SSDI 
below the ploughing depth provides saving of the labors cost. Gated pipes 
system provides more uniform water distribution and reduces the irrigation 
water application quota and conserve energy without effect on the crop 
yields. However, the gated pipes irrigation technique is easy to understand, 
and the system is movable and convenient to operate( Jibin and Foroud , 
2007). Abo Soliman et al (2005) concluded that irrigation by gated pipes 
achieved the highest values of maize grain yield and its components followed 
by minisprinkler and gun irrigation methods . They concluded that , the 
system efficiency could be arranged in the following descending order as: 
subsurface drip > surface drip > minisprinkler > gated pipes > gun > floppy > 
conventional irrigation system.  
         The aim of the present work is to study the effects of drip irrigation 
(single or double laterals/plant row),SSDI ,gated pipes and traditional surface 
irrigation systems on water applied, maize yield and water use efficiency. For 
this reason, yields of an experimental maize field irrigated by a subsurface 
drip irrigation  systems are compared with those of surface drip irrigation 
systems as well as with other surface irrigation systems. 
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MATERIALS AND METHODS 
 

        The experiments were conducted in the farm that belongs to the Soil 
,Water & Environment Research Institute at Sakha Agricultural Research 
Station , Kafr El-Sheikh, Egypt. The 4400 m2 experimental field was divided 
into six plots to be occupied by the studied irrigation systems (550 m2 for drip 
systems and 1100 m2 for gated pipes and traditional systems). Each 
experimental plot was 16 rows, of 0.60 m apart for each (across the crop 
rows) and 55 m long (along the crop rows). The subsurface laterals were 
buried at a depth of 0.15 m ,so that they are not affected by plowing and 
other agricultural practices. The drip irrigation network consisted of a main 
delivery pipe (63 mm in diameter). The drip laterals were of 16 mm 
polyethylene pipes with in-line  self-regulated emitters with discharge rate of 
about 2 liter/hr. The gated pipes are 150 mm diameter aluminum pipes with 
slide gates at 0.75 m spacing (3.0 m3/h discharge for each).The pipes are 
located at the head of the irrigated field across the furrows and connected 
directly with the water pump. So, the irrigation systems under this study are: 
         1.  Single surface drip irrigation lateral/crop row ………..(SSDI). 

      2.  Double surface drip irrigation laterals/crop row ……...(DSDI). 
      3.  Single subsurface drip irrigation lateral/crop row …...(SSSDI). 
      4. Double subsurface drip irrigation laterals/crop row…..(DSSDI). 
      5.  Gated pipes……………………………………… ...........(GP). 
      6.  Traditional surface irrigation as a control....……… ……(TSI). 

     Maize (Zea Mays, var. Single Cross,10) was seeded on 15th July 2007 
and harvested on 25th November of the same year. The recommended 
agricultural practices were applied . The recommended dose of NPK 
chemical fertilizers for maize were applied ie, 120 kg N /fed. as urea form 
,15.5 kg P2O5 and 24 kg K2O/fed.  . All plots were irrigated when 50 % of the 
available water was depleted using TDR apparatus. The yields of each 
replication (three crop rows by 2.33 m long) were collected manually and 
weighted making a total harvested area of 4.2 m2 for each replication (6 
replicates).The applied and consumed water, maize yield and its 
components(number of plant/m2, ear weight ,plant height and leaf area) , and 
irrigation efficiencies were  determined for each irrigation systems. The yield 
and yield components of maize were subjected to the statistical analysis 
according to Snedecor and Cochran (1967) and the mean values compared 
by ( LSD ) test. Water consumptive use (WCU) was calculated according to 
Israelsen and Hansen (1962) by the following equation :- 

WCU = Σi (Ө2 - Ө1) / 100 *Dbi*Di 
Where : 
WCU = Soil moisture depletion (cm) in the effective root zone(60 cm). 
  Ө2  = Soil moisture after irrigation. 
  Ө1  = Soil moisture before irrigation. 
Dbi   = Bulk density (g / cm3). 
Di  = Depth of soil layer (cm). 
I = Number of the soil layer sampled in the root zone depth (cm).  
Crop water use efficiency (CWUE) was calculated in kg/m3 for different 
irrigation systems as follow: 
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CWUE   =         Y 
                           Wcu 

Where :   Y     = grain yield (kg / fed.) 
              Wcu = total water consumed in m3 / fed. 
     The field water use efficiency ( FWUE) was calculated in kg/m3 for different 
irrigation systems to clarify how much kg yield is produced from one cubic 
meter applied (Michael , 1978) as follow: 

FWUE = Y / Wa 
Where : 
Y     = total yield produced (kg / fed.). 
Wa   = total applied water (m3 / fed.). 
     Some chemical analysis of soil paste extract were determined according 
to Black (1965) and some physical properties of soil were determined 
according to Garcia (1978) .The determined chemical , physical and moisture 
characteristics of the experimental soil are shown in Tables (1-2). 

 
Table (1): Soil moisture characteristics of the experimental field. 

Depth 
(cm)  ٍSoil 

Field capacity 
(%) 

Permanent wilting  
point(%) 

Available 
water(%) 

Bulk 
density(g/cm3) 

0-15 
15-30 
30-45 
45-60 

42.6 
40.0 
39.2 
35.7 

20.4 
21.4 
22.5 
20.6 

22.2 
18.6 
16.7 
15.1 

1.14 
1.19 
1.24 
1.28 

Average 39.4 21.2 18.2 1.22 

 
Table (2): Some physical and chemical properties of the experimental 

field.  

Soil depth(cm) 
Particle size distribution (%) Texture 

class 
ECe 

 (dS /m)  Sand Silt Clay 

0 – 30 18.9 33.7 47.4 Clayey  2.48 

30 – 60 16.6 34.2 49.2 Clayey  2.36 

60 – 90 17.0 35.1 47.9 Clayey  2.68 

 

RESULTS  AND DISCUSSION 
 

1- Some water relations: 
    The studied relations with maize crop are recorded in Table (3) and 

Figs(1-3). The data show that the amounts of water applied with single 
surface drip lateral/plant row (SSDI), double surface drip laterals/plant row 
(DSDI), single subsurface drip lateral/plant row (SSSDI), double subsurface 
drip laterals /plant row (DSSDI), gated pipes (GP) and traditional surface 
irrigation (TSI) are 62.3, 60.1, 58.7, 55.7, 72.2 and 79.4 cm, respectively. with 
irrigation application efficiency of 90.0, 90.5, 91.2, 93.5, 82.2 and 75.5 % for 
the above mentioned irrigation systems, respectively. Also, data indicate that 
water saving with maize for SSDI , DSDI, SSSDI, DSSDI and GP systems 
comparing with TSI system are 21.5 ,24.3, 26.1, 29.8 and 9.1 %,respectively. 
Therefore, the subsurface drip irrigation is preferable than surface irrigation , 
while using double laterals /plant row is slightly more effective  than  single 
lateral  in water saving (3.1 and 3.3 %,respectively). 
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Concerning the water consumptive use, the data revealed that the 
highest values of water consumptive use by maize plant are obtained with 
TSI and GP systems (57.6 and 56.7cm , respectively) while the lowest values 
are recorded with single or double subsurface drip laterals/plant row(50.8 or 
49.3 cm, respectively) . The field and crop water use efficiencies which 
depend on the relation between the yield and the applied water (FWUE) or 
consumed water (CWUE) are calculated for maize grain yield with different 
irrigation systems. The highest FWUE and CWUE  values are obtained with 
SSSDI irrigation system(1.35 and 1.56 kg/m3,respectively) and GP irrigation 
systems (1.23 and 1.56 kg/m3,respectively).  

    These results in somewhat are in agreement with those obtained by 
Kalfountzos , et al(2004) . 
 
Table (3): Water applied, stored and consumed and some irrigation 

efficiencies  with maize under different irrigation systems. 

Irrigation 
system 

Water 
applied 

(cm) 

Water 
stored 
(cm) 

Water 
consumptive 

use (cm) 

Irrigation 
application 
efficiency 

(%) 

Grain 
yield 

kg/fed 

FWUE 
(kg/m3) 

CWUE 
(kg/m3) 

SSDI 62.3 56.1 53.5 90.0 2820 1.077 1.255 

DSDI 60.1 54.4 51.3 90.5 2898 1.149 1.344 

SSSDI 58.7 53.5 50.8 91.2 3339 1.355 1.564 

DSSDI 55.7 52.0 49.3 93.5 2665 1.140 1.286 

GP 72.2 59.3 56.7 82.2 3718 1.227 1.562 

TSI 79.4 60.0 57.6 75.5 3197 0.958 1.322 

F      test - - - - - ** ** 

LSD(0.05) - - - - - 0.086 0.07 

LSD(0.01) - - - - - 0.116 0.10 
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Fig (1): Irrigation application efficiency with maize as affected by  

different irrigation systems. 
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Maize yield and its components: 
      The results of maize yield and its components are illustrated in Table (4) 
and Figs(4-9).The statistical analysis showed a significant effect of irrigation 

Fig (2): Field water use efficiency of maize grain as affected by  

different irrigation systems. 

Fig (3): Crop water use efficiency of maize grain as affected by  

different irrigation systems. 
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systems on maize yield and its components .The highest straw and grain 
yields are achieved with GP irrigation system ( 22.48 ton and 26.56 ardab 
/fed., respectively) followed by SSSDI system (21.06 ton and 23.85 ardab 
/fed., respectively) .While ,the lowest straw and grain yields are recorded with 
DSSDI system (15.58 ton /fed. and 19.04 ardab/fed. , respectively). Also, 
from the statistical analysis, it has been found that the values of the number 
of plants /m2 ,ear weight , plant height and leaf area  are significantly different 
for all irrigation systems. The highest values of the number plant / m2 , ear 
weight , plant height and leaf area are obtained with GP irrigation system (11 
plant / m2 , 352 gm , 227 cm and 635 cm2 ,respectively) .The lowest values 
of these parameters are recorded with DSSDI  system (7.5 plant / m2 ,265 
gm , 209 cm and 476 cm2, respectively).  
 
Table (4): The yield and yield components of maize as affected by 

different irrigation systems 
Leaf  
area 
(cm2) 

Plant 
height 
(cm) 

ear  
weight 

(g) 

No of 
Plants /m2 

Grain 
 yield 

(ardab/fed) 

Straw  
yield 

(ton /fed) 

Irrigation 
systems 

496 213 295 8.3 20.14 15.92 SSDI 

511 215 298 8.8 20.70 16.49 DSDI 

618 218 336 10.7 23.85 21.06 SSSDI 

476 209 265 7.5 19.04 15.58 DSSDI 

635 227 352 11.0 26.56 22.48 GP 

513 213 310 9.5 22.84 20.63 TSI 

** ** ** ** ** ** F      test 

62.641 5.801 21 0.753 1.37 3.21 LSD(0.05) 

84.783 7.851 27 1.019 1.86 4.34 LSD(0.01) 

 
Fig (4): Grain yield of maize (ardab/fed) as affected by different 

irrigation systems. 
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Fig ( 6 ):Ear weight(gm) as affected by different irrigation systems. 

Fig (7): Plant height(cm) as affected by different irrigation systems. 

Fig ( 5 ): Straw yield of maize (ton /fed) as affected by different 
irrigation systems. 
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Fig (9): Plant density(plant /m2) as affected by different irrigation 
systems. 

) as affected by different irrigation systems.2mc( 8 ):Leaf area (Fig  
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CONCLUSION 
     
Some studies of irrigation researches demonstrated a significant yield 

and water use efficiency increase for gated pipes and drip irrigation (Abo 

Soliman,2005 and Jibin and Foroud , 2007). 
After one year of experimentation on subsurface, surface drip irrigation 

and gated pipes applied on maize plantations, the following are concluded: 
• Subsurface drip systems (using single or double laterals/plant row) required 

relatively low volume of irrigation water and have high application 
efficiency (more than 90 %) , while traditional surface irrigation and gated 
pipes  received higher values of irrigation water with relatively lower 
application efficiency. 

• Maize grain yield are relatively high for single subsurface drip lateral /plant 
row (SSSDI) and gated pipes(GT) and ranging from 23.85 to 26.56 
ardab/fed. for both treatments , respectively. 

• The achieved water use efficiencies are relatively high for the two 
systems(GP and SSSDI) and ranged from  1.23 to 1.36 kg/m3 of water, 
respectively.  

• The subsurface drip irrigation is better than surface irrigation ,and using 
double laterals /plant row is more effective  than  single lateral  in water 
saving . 

   Generally, subsurface drip irrigation is expected to give more 
valuable results under dry weather conditions and mitigate the adverse 
effects of water scarcity supporting substantially good yields. 
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 محصول الذرة لىعنظم الري السطحي والري بالتنقيط  أنواع مقارنة بعض
 ومحمييييييو* محميييييي* سييييييعي*    ،الح*ييييييي*ي   محميييييو* سييييييي*ال ،حميييييي* سيييييينبل  حسيييييي  ا

 هشام محمو* أبو السعو*  
 كلية الزراعة ، جامعة المنصورة      قسم األراضي،     
مركيز ، المييا  والبيةيةمعهي* بحيوث األراضيي و ،قسم بحوث تحسي  وصييانة األراضيي    

 البحوث الزراعية
  

طبقت نظم الري بالتنقيط السطحي أو تحتت الستطحي م  تس استت خام  تط أو  طتيا نقاطتات 
لكل  ط نبات( والري السطحي ال طور باست خام األنابيب ال بوبة ل قارنتها بالري السطحي التقليخي 

(. وقتتخ  10م شتتنه لنتتيا  تترخي   تتا حيتتث تهايرلتتا التتي كرتتامات التتري و حشتتول التت ر  ال تتا ية
 ي ال زراة البحاية التابعة ل عهخ بحتوث األرايتي وال يتاا والبي تة  2007أقي ت التنربة  ي  وسم 

 16قطتر ب حطة البحوث الزرااية بكرر ال يخ. ولقخ است خم  ي نظم التري بتالتنقيط  طتوط نقاطتات
نسبيا اتا  حتى تكوا بعيخ  سم 15سم الي سطح التربة أو تحت السطح بع ق  60 م الي  سا ات 

ستتم  50التتي أبعتتاخ  النقاطتتاتتتتهاير  الع ليتتات الزراايتتة م  كا حتتة الح تتا ه ... و ن تت  (. وكانتتت 
 م   150لتر/ سااة لكل  نها . واألنابيب ال بوبة ابار  اا أنابيب أل ونيوم قطر  2وتشره حوالي 

 ./ سااة 3م3بوابات قابلة الغلق تشره كل  نها حوالي   و
بطرق الري ال  تلرة بشور  كبير  . وقخ ونتخ  تهارت ك يات ال ياا ال يا ة أاقخ ونخ و   

أا استتت خام  طتتيا نقاطتتات تحتتت ستتطحي لكتتل  تتط نبتتات أكاتتر كرتتام   تتي تر تتيخ  يتتاا التتري حيتتث 
( يليها  ط نقاطات واحخ تحت ستطحي /  تط  سم 55.7اقل ك ية  ياا ري  م  استقبلت ل ا ال عا لة

إيتا ة   تس كرتام ( ستم 60.1ام  طيا نقاطات سطحي /  ط نبات  م  سم 58.7 أييهنبات حيث 
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.  ا ناحية أ ري  اا اكبر احتيانات  ا ية كاا   س الري السطحي التقليخي %90تتعخى الري   ياا
  %82.2و  75.5إيتتا ة   تتس كرتتام  ( ستتم 72.2/  تتخاا ( تليهتتا ال واستتير ال بوبتتة م  3م 3336م 

حشا ى أا لناك تهاير  عنتوي لطترق التري التي  حشتول وأتيح  ا التحليل اال    ,الى التوالي.
ال ر  و كونات . وقخ أتيح أا  حشول الحبوب  رترس نسبيا باست خام ال واسير ال بوبة أو باست خام 

أرخب /  تتخاا  لكتتن  23.85,  26.6 تتط نقاطتتات ستتطحي واحتتخ/  تتط نبتتات حيتتث كتتاا ال حشتتول 
 س است خام  ط نقاطات واحتخ ستطحي أو  تس   ن رياالنظا يا ,الي التوالي بين ا كاا  ال حشول 
ونخ  أرخب /  خاا , الي التوالي (. 19.04,  20.14 طيا نقاطات تحت سطحي لكل  ط نبات م 

  كرتام  استت خام ال يتاا  خ تتم حستابولق     أييا أا  حشول القه ل  نرس اتناا  حشول الحبوب .
 حشتتول الحبتتوب بتتالكيلو نتترام التت ي ينتتتب  تتا  تتتر  كعتتب  يتتاا ري . وقتتخ  بك يتتة    ويعبتتر انتت 
كنتم /  1.355 - 0.96بتيا  (FWUE)  ي ة  كرام  استت خام ال يتاا التى  ستتوى الحقتلتراوحت ق

 ط نبتات , التي /  س است خام  ط نقاطات سطحي واحخ  س است خام الري السطحي التقليخي أو 3م
يه   التسلستل  الى  ستوى الحقلالتوالي. وتهاير طرق الري ال  تلرة الي كرام  است خام  ياا الري 

 ط نقاطات تحت سطحي < ال واسير ال بوبة <  طيا نقاطات سطحي <  طتيا   -:التنازلي األتي
 تحققا تقريبا نقاطات تحت سطحي <  ط نقاطات سطحي < الري السطحي التقليخي.  ونرس االتنا

 . (CWUE)ستهلكة س كرام  است خام  ياا الري ال 


