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Abstract 
A field study was conducted on bubbler lines of date palm trees rows in large farm in Gassim, 
Saudi Arabia. The farm has more than 200,000 trees, irrigated by bubbler irrigation system fed 
by 20 wells with an average water static level of 150 meters. Bubbler lines were designed to feed 
an average of 21 date palm trees, with an average flow rate of 12.2 liters/min per bubbler. The 
aim was to evaluate the performance of the bubbler system and to compare it with  a newly 
installed drip irrigation system to improve farm water management.  
The results have indicated that due to high pressure losses, the uniformity of distribution of 
bubbler system was low, with an average of 62 %. Comparison with drip irrigation system have 
shown high water distribution performance with an average of 97% emission uniformity. The 
reasons for the low performance of bubblers were discussed and some recommendations were 
made to improve the bubbler system network. 
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ABSTRACT 

 
A field study was conducted on bubbler lines of date palm trees rows in large farm in 
Gassim, Saudi Arabia. The farm has more than 200,000 trees, irrigated by bubbler 
irrigation system fed by 20 wells with an average water static level of 150 meters. 
Bubbler lines were designed to feed an average of 21 date palm trees, with an average 
flow rate of 12.2 liters/min per bubbler. The aim was to evaluate the performance of the 
bubbler system and to compare it with  a newly installed drip irrigation system to 
improve farm water management.  
The results have indicated that due to high pressure losses, the uniformity of distribution 
of bubbler system was low, with an average of 62 %. Comparison with drip irrigation 
system have shown high water distribution performance with an average of 97% emission 
uniformity. The reasons for the low performance of bubblers were discussed and some 
recommendations were made to improve the bubbler system network. 
Keywords: date palms, bubbler irrigation, drip Irrigation, water requirements, Saudi 
Arabia. 
 

INTRODUCTION 
 
Agriculture is considered the biggest consumer of water resources in the world. The 
consumption of water by agriculture could account for up to 90% of total annual water 
consumption in some countries of the arid region like Saudi Arabia. In addition, 
agriculture could be the reason for water degradation because of the absence of proper 
water management, therefore, there is an urgent need for optimum use of water for 
agriculture and an extra emphasis should be directed towards water management to 
prevent water pollution or deterioration of water quality. In that respect, drip irrigation 
and similar practices like bubbler system are considered as some of the most important 
practical and effective means for irrigation water application compared to other irrigation 
methods. 
 The bubbler irrigation system was first designed and used for orchard crops 
(Rawlins, 1977; Behoteguy & Thornton, 1980; Hull, 1981), the system supplies water 
through a small diameter (approx. 10 mm) bubbler tube supplied from larger diameter 
polyethylene pipe. Bubbler flow is controlled by changing bubbler diameter or length or 
both. Due to the relatively large flow diameter compared to drippers (emitters), it is 
unlikely to be clogged in addition it requires minimum filtration and maintenance. Its 
flow rate range between 60-240 liter per hour (Nakayama, 1986). 
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 Drip irrigation system have proven its superiority over other irrigation systems in 
increasing yield and reducing the cost of labor and energy, in addition, it improves 
efficiency and reduces water losses due to evaporation and deep percolation. 

The date palm tree (Phoenix dactylifera) is one of the most important fruit trees in 
the Arab world especially in the Kingdom of Saudi Arabia. The total number of date 
palms in the country are more than 23 millions and the number is increasing every year. 
Its production has, also,  to reach close to one million tons per year in 2005. The total area 
of date palms grown in the country is more than 150 thousands hectares (M of Agric., 
2006). Date palm tree is a drought resistant that can withstand salinity up to 4 Dsm/m 
without any reduction in yield (Ayers and Wescot, 1985). Although the root zone depth is 
ranging between 1.5m to 2.5 m (Doorenbos and Pruitt, 1977), the tree could uptake 65% 
to 80% of water within a root zone depth not exceeding 1.2 meter (yaacob, 1996). Date 
palm tree is usually irrigated by surface method, mainly basin, delivering large volume of 
water based primarily on farmer’s experience and enhanced by the availability of free 
irrigation water. Date palm is a large tree and its water requirements is comparatively 
high (Salter & Goode, 1967), it’s consumption vary from area to another, due to many 
factors, mainly climate and soil, however, the annual water requirements for a mature 
date palm may range between 115 and 306 cubic meters (Al-Baker, 1972).  
  The estimate of palm tree water requirements in the central region of the 
Kingdom is not established yet, But, there are some rough estimates made by the 
Ministry of Agriculture and Water (Al-Zeid et al, 1988). It is possible to estimate the 
crop water requirement for date palms based on available information of similar areas 
such as the studies conducted in Al-Hassa region in Saudi Arabia (Hussain, 1986; Helal 
et al, 1986), south California (Furr, 1975), Egypt (Hussain and Hussain, 1982), and Iran 
(Furr, 1975). Studies have indicated that low frequency irrigation with high quantities 
for date palms is better compared to high frequency irrigation (Helal et al,1986). The 
result of a study on date palm (Sakoti type) in Egypt on irrigation frequency have shown 
that the best period between irrigations is four weeks with a quantity equal to 71 mm for 
each irrigation (Hussein and Hussein, 1982). A study was conducted on the effect of drip 
irrigation on the growth and yield as compared to sprinkler irrigation (Reuveni, 1971 & 
1974), it was concluded that drip irrigation is more superior than the sprinkler system, it 
was due to the smaller volume of wetted soil under drip irrigation, results have indicated 
also that date palms irrigated with drip irrigation show a clear increase in leaves, flowers 
and fruits compared to those irrigated by sprinkler system. It was also noted that the 
yield of drip irrigated palms is higher than those irrigated by sprinkler systems. In a 
comparison study between traditional drip and bubbler irrigation systems on date palms, 
it was noted that, an accumulation of salts on the surface layer were higher for drip 
compared to bubbler system (Naimah, 1985). 
 Results on experiments of date palm water consumption in Riyadh area, have 
indicated that the average amounts that have been delivered to date palms per year were; 
108 m3/tree (1.08 m/ha), 216 m3/tree (2.16 m/ha) and 324 m3/tree (3.24 m/ha) for 
corresponding water treatments of  50%, 100% and 150% of evaporation rate, 
respectively (Al-Amoud et al 2000), economical analysis of yield for the various 
irrigation systems (drip, basin and bubbler) in the above experiment, have shown that, the 
highest yield was for drip irrigated palms then the basin systems, differences within water 
treatments, were minimal, in other word, the use of an amount of 108 m3/year/tree is 
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enough to obtain the highest efficiency of water use for date palms. Comparison between 
water use efficiencies for various irrigation methods (drip, basin and bubbler) on date 
palms have shown that the drip system the highest water use efficiency followed by the 
basin system then the bubbler irrigation system (Al-Amoud et al, 2000). The optimum 
date palm response to drip irrigation is due to the nature of the system where water is 
delivered in a slow process for relatively long period of time through drippers, this 
process provides better control and distribution for water through soil profile to an extent 
that, losses due to evaporation and deep percolation reduced to the minimum, therefore, 
date palm tree could make use of almost all water delivered. 

As the trend of date palm expansion to continue, an abundant amount of water 
should be required for its irrigation, to maintain this expansion. But, as the water 
resources in the Kingdom are limited, it is necessary to control irrigation water through 
some water conservation methods, such as modern irrigation systems (trickle and 
bubbler). The evaluation of bubbler irrigation performance is important, to insure  
accurate application of irrigation water to avoid waste and conserve the precious water.   

The aim of this research work is to investigate the performance of bubbler 
irrigation system used for irrigating date palm trees and to compare it with the traditional 
surface drip irrigation system. 
 

MATERIALS AND METHODS 
 
Experiments on date palm trees were conducted in Alrajhi Farm Project, 10 km south of 
Buraidah City in Gassim, Saudi Arabia (elevation 649 m, Lat. 26 45N, Longt. 043 45E). 
The Area of the Project is 5466 hectare having more than 200 thousand date palm trees of 
45 varieties. Trees are irrigated from 26 wells, with depth of ground water at 150 mters 
Soil texture is characterized as sandy clay loam soil, with physical and chemical 
characteristics as outlined in Table 1. The experimental site was selected in the middle of 
the project, the plot consists of 6000 trees of mature trees with distances of 10 meters 
between trees and between lines of trees. For irrigating the date palm trees, an irrigation 
pipe network was made in normal design procedure (Keller and Karmeli, 1975; Howel et 
al., 1992; Nakayama and Bucks, 1986; Al-Amoud, 1999). The irrigation network consists 
for each plot of 4 inch mainline feeding 2 inch manifold distributing water for each tree 
through bubbler that discharge into a basin around tree. The pipe network have included 
all the necessary units and parts such as ; valves , filters, water meters and control board 
as indicated in the network design sketch in Figure 1. The experimental plot is supplied 
with water from a well in the site with suitable water quality as shown in Table 2. The 
area is characterized by high temperature in the summer with low rain fall as shown in 
the climatic data (Table 3). Irrigation scheduling was conducted by using estimated crop 
water requirement as indicated in Table 4. 
 Water was delivered to irrigation plots from water reservoirs of 2810 cubic meters 
total capacity, using a 328 Kilowatt (440 hp) pumps, installed to maintain 300 Kilo 
Pascal operating pressure throughout the irrigation network system. The water delivery 
system was installed using pipes of 25-mm diameter to minimize friction losses and 
ensure uniform water distribution in all plots. Palm trees in bubbler plots were designed 
receive water from 1 bubbler at a flow rate of 12 liter per min. Water delivery was 
monitored throughout the experiment using simple current meters, located at each plot 
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and near water source (at the pumping station), as shown in Fig. 1. The system operating 
pressure was monitored throughout the experiment using Bourdon gauges installed at 
both upstream and end of each lateral line, and at the pumping station. 
 For comparison purpose, bubblers in some plots were replaced by drippers, each 
bubbler was replaced by 4 drippers of 25 liters per hour flow (Netafim-PC drippers). 
 Evaluation of bubbler and drip systems was first made by measuring total flow in 
mainline using an ultrasound flow meter device, then an evaluation of emission 
uniformity was made in accordance with ASAE standard (ASAE, 1987) and the 
recommendations of Killer and Bliesner (Killer & Bliesner, 1990). Flow rates at 
randomly selected bubblers and drippers on tree lines were made by measuring water 
volumes at predetermined time, then actual discharge was calculated, other hydraulic 
parameters such as dripper exponent (ß), coefficient of variation (Cv) and emission 
uniformity (Eu) were also calculated (Table 5). 
 

 
RESULTS AND DISCUSSION 

 
Evaluation of traditional bubbler system, have shown noticeable variations in water 
distribution in date palm tree lines as shown in figure 2. It is also clear from the same 
figure that there is a decrease in flow with length of lateral (i.e. trees at the end get less 
water), this is probably due to decrease in pressure in lateral line caused by friction loss. 
The flow variations in water distribution from bubblers vary within 30% to 42% from 
average flow with coefficient of variance ranging from 0.28 to 0.39. As a result, the 
tested lines have shown low emission uniformity varying from 55% to 65% as shown in 
Table 6, these values are way below the accepted range of emission uniformities 
recommended by ASAE standard (ASAE, 1987).  
 Results of drip lines performance have shown an improved water distribution for 
date palms, as shown in Fig. 3. The horizontal trend line of water distribution in Fig. 3  
indicates even distribution of irrigation water to all trees in all lines with an emission 
uniformity ranging from 94.7% to 97.6%, and coefficient of variation ranging from 0.017 
to 0.034 that satisfy the recommended ranges of emission uniformity and coefficient of 
variation (ASAE, 1987).  
 The low performance of bubbler system was due to inadequate design. The 
bubbler discharges an abundant amount of water, its total flow for each tree line (consists 
of 21 trees) is 256 liters per minute which is more than the capacity size of the lateral 
size, that results in high friction loss which in turn reduces the flow in further locations 
on laterals. Drippers on the other hand produce a maximum flow of 9.45 liters per minute 
for each lateral which is within the capacity of the lateral size. 
 To sustain the present bubbler irrigation system the existing non compensating 
bubblers should be replaced by new pressure compensating bubblers with flow not 
exceeding 4 liters per minutes. Laterals may also replaced by bigger size to reduce 
friction losses.  
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CONCLUSIONS AND RECOMMENDATIONS 
 

It is clear from the results that the performance of traditional bubbler irrigation system 
was inefficient for date palms as compared to drip irrigation system. It is concluded that 
drip irrigation with proper design and management could satisfy water needs for large 
trees like date palms. 
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 Table 1. Soil Analysis Results. 
 

Soil Characteristics Value 
Physical Characteristics  
     Sand (%) 65 
     Loam (%) 15 
     Caly 20 
     Texture Sandy clay loam 
     Field Capacity 11.2 
     Wilting Point 5.7 
     Available Moisture 5.5 
     Apparent Density 1.62 
Chemical Characteristics  
     Soil pH 7.8 
     Electrical conductivity EC, dS/m 2.57 
     Positive ions (Cations), meq/L  
        Ca 21.3 
        Mg 9.3 
        Na 8.4 
     Negative ions (Anions), meq/L   
        CO3 0.22 
        HCO3 2.3 
        Cl 11 
     Organic Matter 0.084 
     Available elements  
        P 6.56 
        K 152 

 
 Table 2. Water Analysis. 
 

Water Characteristic Value 
Water pH 7.36 
Total Dissolve Salts TDS  950 
Alkalinity 140 
Conductivity 1893 
Chlorides 319 
Hardness 136 
Ca 44 
Mg 6.27 
Fe 0.026 
S 354 
NO3 34 
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 Table 3. Average Climatic Records. 
 

Month Temperature, 0C Rel. Humidity, % Av. Rainfall, mm W. speed, km/hr 
January 12 41 50 14 
February 15 70 80 12 
March 19 60 90 12 
April 24 55 60 14 
May 30 51 20 14 
June 32 33 0 14 
July 33 20 0 14 
August 33 17 0 14 
September 31 17 0 9 
October 26 19 10 9 
November 19 31 50 12 
December 15 52 70 12 

 
 Table 4. Crop water required for tree at daily , monthly, year 
 

  Evaporation rate Monthly Crop water required 
Month days mm/day mm/month rate Lit/day m3/month 

Jun 31 6.16 191.0 0.043 112.0 3.48 
Feb 28 7.80 218.4 0.050 141.6 3.96 
Mar 31 9.98 309.4 0.070 181.4 5.62 
Apr 30 12.26 367.8 0.084 223.2 6.70 
May 31 14.90 461.9 0.105 280.0 8.40 
Jun 30 16.03 480.9 0.109 291.6 8.74 
July 31 15.88 492.3 0.112 288.6 8.94 
Aug 31 17.31 536.6 0.122 314.6 9.74 
Sep 30 15.42 462.6 0.105 280.8 8.42 
Oct 31 12.44 385.6 0.088 226.4 7.02 
Nov 30 9.14 274.2 0.062 166.2 4.98 
Dec 31 7.04 218.2 0.050 128.0 3.96 
Sum   4399 1  80 

 
 
 
 
 Table 5. Field Hydraulic characteristics of Bubblers and drippers. 
 

Irrig. 
System 

Type Qave  
(l/hr) 

Cvave 
(l/hr) 

ß Eu 
(%) 

Bubbler Non-compensating 734.4 0.32 0.56 62 
Drip Netafim-PC drippers 27 0.024 0.013 97 
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 Table 6. Water distribution through bubblers in various tree lines. 
 

Plot Line Qave (l/min) Cv Eu (%) 
1 13.38 0.34 61.4 
5 14.98 0.29 65.6 

5 

10 14.45 0.28 64.1 
1 10.74 0.27 65.7 
5 9.23 0.39 55.5 

15 

9 10.66 0.33 61.1 
 
 Table 7. Water distribution through drippers in various tree lines. 
 

Plot Line Qave (l/min) Cv Eu (%) 
1 27.83 0.028 96.2 
5 27.16 0.024 96.6 

5 

10 26.94 0.020 97.3 
1 27.12 0.034 94.7 
5 27.02 0.017 97.6 

15 

9 26.33 0.018 97.5 
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Fig. 1. Irrigation system layout 
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Fig. 2. Water distribution fluctuation through bubbler lines and trend line. 
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Fig. 3. Water distribution through dripper lines and trend line. 
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