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Abstract: The study evaluated the performance of an affordable micro irrigation system using plastic 

drinking straw as emitters. The pipe network of the system comprising of the main line, the sub main 

line, the lateral and the flushing line were laid at 0.25 m above the ground surface. The emitters are 

made up of plastic drinking straws cut into short length of 0.2 m with internal diameter of 0.004 m.  

Spongy materials of plant origin cut into sizes of 0.04 m2 were rolled into the emitters to regulate the 

flow of water. The performance parameters evaluated have yielded encouraging results in comparison 

with ASAE standards widely accepted in global drip irrigation practice. Values of 17 %, 99.7%, 96 %, 

91.7 % and 0.2 being for Discharge variations, Statistical Uniformity, Christiansen Uniformity 

coefficient, Application Uniformity and Coefficient of variation respectively fall within the acceptable 

limits for micro irrigation system design. These results indicates that the material component can be 

profitable if put to use as emitters with careful design and construction of the system. The estimated 

initial investment cost of about 22,000 Naira ($137.5) which can irrigate a vegetable garden of 0.1 

hectare is within the reach of most Nigerian farmers. Efforts should be made to reduce emitter 

clogging as this has been identified as one of the problems of the system. 
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INTRODUCTION 

 

 Irrigation assist in stabilizing food production in a number of countries by either supplementary or replacing 

the need for natural precipitation. It serves as crop insurance against drought and increase crop yield and quality 

when rainfall is insufficient. During the mid-1960s to mid-1980s, the Food and Agricultural Organization 

(FAO) estimated that the expansion of irrigation accounted for over 50% of the increase in global food 

production (Dina, 1993).  

 Drip irrigation, also known as trickle irrigation or micro irrigation or localized irrigation, is an irrigation 

method that saves water and fertilizer by allowing water to drip slowly to the roots of plants, either onto the soil 

surface or directly onto the root zone, through a network of valves, pipes, tubing, and emitters. I t is done 

through narrow tubes that deliver water directly to the base of plants (Wikipedia, 2012). In order to reduce water 

use in agriculture, drip irrigation is often preferred over other irrigation methods because of high water 

application efficiency on account of reduced losses, limited surface evaporation and reduction in losses due to 

percolation (Ewemoje et al, 2006). Under drip irrigation system, the water is applied slowly and frequently 

through emitters or tinny holes spaced along pipes or tubes. The emitters also called the drip nozzles, or valves 

are fixed on laterals, at regular intervals of about 0.5 to 1m or so, discharging water at very small rates of 2 to 10 

liters per hour (Garg, 2008).  Growers of high valued crops such as tomatoes, pepper, straw berry and melon 

were among the first to embrace this irrigation technique of drip system. Umara et al, 2010, developed micro 

Irrigation system using locally available materials and the results were quite encouraging. There is no doubt 

about the fact that drip irrigation is very efficient water saving alternatives to the traditional flooding methods of 

irrigation (Doorenbos and Kassam, 1979). However, its major disadvantages in the Nigerian farming situation 

are that of high initial investment cost and frequent emitter clogging. The study investigated the suitability of 

plastic drinking straws and some locally available materials for use in micro drip irrigation system in order to 

reduce cost and increase water use efficiency. The study further developed the construction techniques and 

determined the system’s performance in terms of uniformity of water application and affordability/cost 

effectiveness of the plastic drinking straw as emitters. 
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MATERIALS AND METHOD 

 

Materials used include;  

1) Plastic pipes 

2) Plastic water tank 

3) Wooden pegs 

4) Plastic bucket 

5) Plastic drinking straws 

6) PVC adhesive 

7) Plastic connectors  

8) Metal Niles 

9) A screw diver 

 

The System’s Layout: 

 Water flows into the drip (micro) lines from two plastic reservoirs 100 l capacity each place at about 1m 

above the ground supported by two wooden stands made with 2x2 timbers. It is a gravity system that is adapted 

to take advantage of the benefits of the micro irrigation method without requiring an expensive water pressure 

system. A gate valve was placed at the outlet of the second reservoir to control flow. The essence of using two 

inter connected reservoir is to maintain a constant operating pressure head. The system’s fitter unit consists of a 

plastic bucket of 13 liters capacity filled with gravel up to about 9 liters of its volume. The filtering unit was 

placed about 0.7m below the reservoir. The cover of the bucket was perforated to fit into the delivery pipe from 

the reservoir. The water from the reservoir is discharged on top of the gravel and exit through an exit short pipe 

from below the bottom side of the bucket. This exit pipe was loaded with a plant sponge material. This prevents 

the gravel from flowing in to the main line; it also filers fine dirt particles that may escape through the gravel. 

 The systems main line made of plastic pipe with an average internal diameter of 0.026m was connected to 

the filter exit pipe by a plastic union joint. The main line is link to the sub main line. The systems five 2.16m 

long laterals were connected to the sub main by means of plastic T-joint and gate valve each. Six emitters were 

fitted to each lateral line at intervals of 0.5m. The terminal of each lateral was linked to the flushing line by an 

exit valve and a T-joint. 

 The pipe network of the system comprising the main line, the sub main line, the lateral and the flushing line 

was laid at 0.25m above the ground surface. 

 

 
 

Fig. 1a: The System’s  Layout. 

 

Puncturing the laterals: 

 The pipes are cut into equal length and with the aid of a measuring tape; distances of 0.5m are marked off 

on one side of the pipe on a straight line. A permanent marker ink was use in this process. A screw driver of 

0.005m is being used to puncture a hole through the laterals at the marked points. With this opening, the 

emitters fit through the holes with a slight drag.  

 

Installation and  Cleansing of Emitters: 

 The emitters are made of plastic drinking straws cut into short length of 0.2m, and have internal diameter of 

0.004m. A spongy material of plant origin was cut into sizes of 0.04m2, rolled into narrow roles and fussed to 

the straw lining to regulate the flow. An adhesive is being used at the joints so as to provide water tight 

conditions. Cleansing is being carried out by removing the emitters from time to time and tapping against a hard 

surface to loose dirt from the sponge filter.  
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Fig. 1b: Design of Micro Irrigation Layout. 

 

Systems Performance in Terms of Uniformity of Water Flow: 

 Micro irrigation laterals are designed to maintain an acceptable variation in discharges along their length. 

According to Michael, (2008), the performance of irrigation systems is represented by its measured levels of 

achievement in terms of one or several parameter chosen as indicators of the system goal. The most widely 

accepted hydraulic performance parameters for assessing micro-irrigation systems via-a-vis parity in water 

distribution are; Emitter flow rate variation (qav), Discharge coefficient of variation (Cvq), Christiansen’s 

coefficient of uniformity (CuC), Emission uniformity (Eu) and distribution uniformity (Du). These are given 

respectively by: 

 

×100           (3.1) 

 

Where: 

qmax = maximum emitter flow 

qmin = minimum emitter flow 

 

            (3.2) 

 

Where: 

Cvq = discharge coefficient of variation in  percentage 

S = standard deviation of the emitter discharges 

qa = average flow rate 

 

           (3.3) 

 

Where, according to ASAE, (1981) 

Cu =  coefficient of uniformity developed by Christiansen, % 

x =|z - m| = absolute deviation of the individual observations from the mean, mm. 

Z =  individual depth of catch observation form uniformity tes, mm 

m =  (∑z)/n = mean depth of observations, mm 

n = number of observation 

Distribution efficiency (Du) was computed form the following equations (ASAE, 1981). 

 

           (3.4) 

 

Where: 

Du = distribution efficiency in  % 

Cv =  discharge coefficient of variation 

According to James (1988), Emission uniformity could be calculated from: 
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          (3.5) 

 

Where; 

Eu = the design emission uniformity, % 

Ne =  number of emitters per plant 

Cv = discharge coefficient of variation 

Qmin = minimum emitter discharge, 1/hour 

Qav = average emitter discharge, 1/hour 

 

 The performance parameters were compared with the ASAE (2002) standards for classifying manufacturers 

coefficients of variation and design Emission Uniformity (EU) ranges as shown in Tables 1 and 2 respectively. 

 
Table 1: Recommended Ranges of manufacturers coefficients of variation. 

Emitter type Cv range Classification  

Point source < 0.05 

0.05 to 0.10 

0.10 to 0.15 

>0.15 

Good 

Average 

Marginal 

Unacceptable 

Line source < 0.10 

0.10 to 0.120 

>0.20 

Good 

Average 

Marginal or unacceptable 

 Source: ASAE (2002). 

 

Table 2: Recommended Ranges of Design Emission Uniformity (Eu). 

Emitter type Topography Eu Range for Arid Areas 

Points source on permanent crops   Uniform  

  Steep or undulating 

90 to 95 

85 to 90 

Point source on permanent or semi-

permanent crops 

  Uniform  

  Steep or undulating 

85 to 90 

80 to 90 

Line source on annual row crops   Uniform  

  Steep or undulating 

80 to 90 

70 to 85 

 

Discharge Measurements: 

 Measurement of the emitters discharge is essential to determine the flow variation in the emitters. The 

discharge from the emitters was obtained by placing bowls under all the 30 emitters and the volume of water 

collected in a recorded time of one hour was measured using a 1000ml cylinder. The bowls were placed after the 

system had run for about 15minutes with a view to ensuring adequate pressure built up in the system. Results of 

the discharge are shown in table one. 

 

 
 

Fig. 3: Discharge Measure. 

 

Operation of the System: 

 The operation line for the drip system starts with opening the control valve of the storage tank, allowing 

water to flow through the filtering unit. During this period, the outlet valves are closed while the inlet valves are 

opened. The water moves through the sub-mainline into the field laterals and is discharged through the emitters 

to the soil in drops where the plants grown. At the end of the irrigation period, the valve at the storage tank is 

closed; all the inlet valves are also closed while the water left in the laterals is flushed out by opening the outlet 

valves.  
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RESULTS AND DISCUSSION 

 

 The parameters used to evaluate the performance of the system includes: the manufacturing coefficient of 

emitter’s variation (Cvq), the statistical uniformity (Us). System application uniformity (Eu), Christiansen 

uniformity coefficient (Cu) and the emitter’s coefficient of discharge. 

 The result of the discharge rate per hour of the emitters is presented in table 3. Maximum discharge rate of 

0.9 liters per hour obtained in the drip kit arrangement falls within the acceptable discharge rates of 0.2 -20 l/h 

as recommended for micro irrigation systems by many literatures. 

 
Table 3: Emitter Discharge Rate. 

 Lateral line and discharge q(ml/h) 

Emitter 1 2 3 4 5 

1 840 850 790 810 860 

2 800 780 800 800 810 

3 910 800 750 770 840 

4 820 850 800 800 820 

5 820 830 810 900 780 

6 810 800 770 800 800 

Total per lateral 5000 4910 4720 4930 4910 

  

System Performance Parameters of the Micro Irigation System: 

 The system’s goal is to provide relatively high water application uniformities and to provide the potentials 

for high irrigation efficiency.  

 Table 4 shows values of emitter flow rate variation for the drip system. Emitter flow rate variations of more 

than 20 % are acceptable for micro irrigation systems. Results from this study revealed that the emitter flow rate 

variation in percentage is 17 % thus signifying that the developed drip kit arrangement is satisfactory in terms of 

uniformity of flow from individual emitters. Non uniformity of flow rates from emitters will cause poor  

 
Table 4: Emitter flow rate Variation. 

 Lateral line and discharge variation (L) 

Emitters 1 2 3 4 5 

1 0.024 0.034 -0.026 -0.006 0.044 

2 -0.016 -0.036 -0.016 -0.046 -0.006 

3 0.094 -0.016 -0.066 -0.016 0.024 

4 0.004 0.034 -0.016 0.084 0.004 

5 0.004 0.014 -0.006 0.034 -0.036 

6 -0.006 -0.016 -0.046 -0.016 -0.014 

Total variance 0.104 0.014 -0.176 0.034 0.014 

 

  

 Average Value of Christiansen Uniformity coefficient of 96 % falls within the recommended value for drip 

irrigation. Low uniformities imply that some areas of the field received less water than others resulting in salt 

concentration in some areas.   

 A more general criterion called Emission Uniformity which depends on water temperature and the 

manufacturer’s coefficient of variation has been developed for evaluating trickle lateral design and emission 

selection. Computed values of Eu for this system 91.7 % falls within the recommended values by ASAE. 

 Values of Statistical coefficient of uniformity of 99.7% obtained for this system also falls within the 

acceptable limit. Braklts and Kesner 1983 , defines the statistical uniformity (%) as perfect for 95-100, good for 

85-90, tolerable for 75-80 , very bad for 65 – 70, unacceptable for 60% and less (ASAE 1994). Value of 0.2 

being for Cvq Manufacturers coefficient of discharge also falls within the acceptable limit for micro irrigation 

system. 

 

Initial Investment Cost of the Drip System: 

 Table 5 shows the initial investment cost of the drip system. The initial cost of N 21810 for this system is 

quite low compared to modern drip systems where a single emitter could cost more than N1000 hence, the 30 

emitters used in this system alone would have cost more than N30, 000. 

 This system also makes use of gravity system to provide the required working pressure. The use of gravels 

and local sponges as a filtration device has also reduced the cost of the drip system if compared with the modern 

filtration device. 
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Table 5: Initial investment cost of the drip system. 

Material Size/ capacity Quantity Unit cost Amount (Naira) 

Water tank 100 lit 2 1500 3000 

Pipe 3m 8 500 4000 

Valves 1inch 11 450 4950 

Gate seals  - 3 500 1500 

Adhesive - 2 500 1000 

Blocks 6 inch 17 120 2040 

Wood 2x2 in 21/2 230 575 

U-Joint 1 inch 2 250 500 

Gravel - 50kg 500 500 

T-joint 1inch 10 50 500 

L-joint 1inch 3 50 150 

Straws 4 mm 1 packet 50 50 

Bowls - 30 50 1500 

Bucket 13 lit. 1 250 250 

Transportation - Lump sum Lump sum 1300 

Total    21810 

 

Conclusion:  

 The suitability of plastic drinking straws as emitters in our house hold drip system is being investigated. 

The performance parameters evaluated have yielded encouraging results in comparison with ASAE standards 

widely accepted in global drip irrigation practice. More so, the estimated initial investment cost of about 22,000 

Naira ($137.5) which can irrigate a vegetable garden of 0.1 hectare is within the reach of most of our farmers in 

the developing world. The system can work efficiently and profitable if properly design and constructed. 

 It is recommended that more research work in micro irrigation work should be carried out  with a view to 

obtaining emitters from locally made materials with varying openings and efforts should be made to reduce 

emitter clogging as this has been identified as one of the problems of the system. 
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