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Abstract: Two field experiments were carried out during growing seasons 2010 and 2011; it was 
executed in Abo-Ghaleb farm, Cairo- Alex. Rood, 60 Km away from Cairo – Egypt, to study the effect 
of two irrigation systems (surface and subsurface drip irrigation and three water application rates (50, 
75 and 100% from actual irrigation requirements) and three types for pulse irrigation (2 times per day, 
3 times per day and 4 times per day and time-off between pulses was 30 minutes) with continuous drip 
irrigation (one time per day). The following parameters were studied to evaluate the performance of 
pulse drip irrigation :(1) Clogging ratio of emitters "CRE", (2) Emission uniformity "EU" (3) 
Application efficiency "AE", (4) Irrigation water use efficiency of potato "IWUE potato" or water 
productivity. The results indicated that, CRE decreased by increasing the number of irrigation pulses at 
(100%, 75% and 50% from WRa) under surface and subsurface drip irrigation. This may be due to 
pulse technique (cycle on-off) created turbulence in the flow channel and this turbulence prevent 
particles suspended from accumulation in flow channel and outlets of emitters. The values of CRE 
under pulse surface drip irrigation were lower than values of CRE under pulse subsurface drip 
irrigation, this may be due to pulse technique makes vacuum in the network and this vacuum with 
subsurface drip system will pull more particles which around the emitters through inlets of emitters. 
From the data of EU, it increased by increasing the number of irrigation pulses (100%, 75% and 50% 
from WRa) under surface and subsurface drip irrigation. This was due to the positive effect of pulse 
drip irrigation on reducing CRE. (3) AE increased from 89% under continuous drip irrigation to 
maximum value where it become 94% after applying pulse technique with 4pulses at 100 % from 
water requirements under surface drip irrigation, recording an increase of 5.3%.(4) IWUE potato or water 
productivity increased by increasing number of irrigation pulses especially at (100% and 75% from 
WRa). IWUE potato increased from 1.44 (kg/m3) under CDI to maximum value, where it become 2.36 
(kg/m3) after applying pulse technique with 4 pulses at 75 % from WRa under SSDI, recording an 
increase 63.9%, this mean that can save 25% of water requirements per season which equal 2085.6 m3 
ha-1from irrigation water.  
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INTRODUTION 
Pulsing irrigation refer to the practice of irrigating for a short period then waiting for another short period, 

and repeating this on-off cycle until the entire irrigation water is applied (Eric et al., 2004). Clogging ratio of 
emitters one of the important parameters which used in the evaluation process for pulse drip irrigation 
performance especially under organic agriculture. This is due to organic agriculture avoid using the chemical 
acids to prevent the clogging emitters. Drip tape can become non-uniform to a point where it is completely 
debilitated in the midst of a growing season if emitters become plugged. This can result from any of the 
following: (1) Organic or inorganic sediment in the irrigation water. (2) A vacuum condition inside of the drip 
tape causing dirt to siphon back in through the outlet. (3) Root intrusion. (4) Mineral buildup in the flow channel 
or at the outlet. The primary features of an emitter that determine its likelihood of plugging are the cross-
sectional area of its flow channel and the amount of turbulence created within the flow channel. A large cross-
section gives plenty of room for contaminants to pass through without accumulating into clogs. A highly 
turbulent channel keeps dirt particles suspended as they move through the emitter. Other emitter features also 
play important rolls in plugging resistance. Some drip tape products have emitter outlets that resist root 
intrusion. The design of the emitter inlet can also affect clog resistance. Finally, some emitters provide 
mechanisms that help to remove clogs if they should occur (Solomon, 1999). Pulsed water flow can increase 
resistance to blockages in self-regulated trickle irrigation and avoid costly and bulky filters. It ensures more 
uniform irrigation over the whole cycle (Yardeni, 1989). One effective means of avoiding emitter clogging in 
drip irrigation is to use larger emitter orifices; however to maintain the application rate at optimum the system 
has to be operated in pulses rather than continuously (Al-Amoud and Saeed, 1988). A laboratory study on a 
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sandy loam soil demonstrated that pulsed flows up to 3 times the equivalent continuous flow can be used with 
little change to the soil wetting pattern, enabling a significant increase in emitter sizes and a reduced tendency to 
clog (Jackson and Kay, 1987). Bader, et al. (2001) concluded that the emission uniformity of drip irrigation 
system ranged from 81 to 83 %. This was due to the effect of emitter discharge rate which have been affected by 
emitter clogging. Plants grown with pulse irrigation strategies and lower fertility rates can produce similar crops 
as those grown by traditional irrigation methods and higher fertility rates. This enables growers to efficiently use 
water resources and apply lower fertilizer concentrations while reducing potential groundwater contamination. 
The pulse irrigation system virtually eliminates irrigation solution from leaching out of the pot. Continuous 
water application is associated with increased water percolation under root zone. Intermittent irrigation strategy 
based on discharge pulses followed by breaks could improve water management in the field and increase 
irrigation efficiency (Oron, 1981). Potatoes are largest horticultural export in Egypt. Organic production of 
potatoes is growing in Egypt now to take place in the European market and to have the consumer who is willing 
to pay high price for a healthy safe product. In most recent years the Euros united has accounted for about 70% - 
90% of Egyptian potato exports.  In 2004 the total value of potato exports to the Euros united was about 65 
million Euros, about 43.5% of Egypt’s agricultural exports to the Euros united (Brian, 2001). The aim of present 
work is study the effect of pulse irrigation on clogging emitters, application efficiency and water productivity to 
improve the performance of irrigation network and saving water under organic agriculture conditions of potato 
crop. To achieve the aim of present study, the effect of pulse drip irrigation was studied on: (1) Clogging ratio of 
emitters. (2) Emission uniformity. (3) Application efficiency. (4) Water use efficiency (water productivity). 
 

MATERIALS AND METHODS 
 
Materials: 
a. Chemical analysis and some physical properties of soil, irrigation water and compost:  

 
The soil at the experimental site is sandy soil. Soil physical and chemical characters of the experimental site 

are presented in tables (1), (2) and Table (3) presents the analysis of compost (organic fertilizer) and irrigation 
water.  

 
Table 1: Soil mechanical analysis and some physical properties of experimental site 

Item Depth, (cm)
0 - 15 15 - 30 30 - 45 45 - 60 

Soil texture sandy sandy sandy sandy 
CaCo3, (%)    8.5 8.5 8.0 7.6 
Field Capacity, (%) 10 10 10 9 
Wilting Point, (%) 3.6 3.5 3.4 3 
Bulk density, g/cm3 1.49 1.55 1.59 1.61 

 
Table 2: Soil chemical analysis of experimental site. 

 
Item 

Depth, (cm)
0 - 15 15 - 30 30 - 45 45 - 60 

pH 7.43 7.60 7.75 7.79 
EC, (1:5)(ds/m) 3.72 3.50 3.20 2.87 
 
Anions 
(meq./L) 

HCO-
3&Co=

3 2.40 1.20 1.50 1.25 
CL- 23.0 22.5 18.1 14.5 
SO4= 25.0 25.3 17.5 13.9 

 
Cation 
(meq./L) 

Ca++ 28.5 30.0 17.0 16.7 
K+ 0.70 0.80 0.60 0.65 
Mg+ 8.5 8.0 7.0 5.0 
Na+ 12.7 10.2 12.5 7.3 

Organic Matter, (%) 1.36 1.70 1.35 2.00 
 
Table 3: Chemical analysis of compost and irrigation water  

Item Compost Irrigation water 
pH 5.92 7.55
EC, (ds/m) 0.70 1.90
 
Anions 
(meq./L) 

HCO-
3&Co=

3 1.20 2.97
CL- 3.50 3.94
SO4= 2.90 11.36

 
Cation 
(meq./L) 

Ca++ 2.00 6.53
K+ 2.20 0.22
Mg+ 1.00 4.72
Na+ 2.40 6.80

Organic Matter, (%) 97.2 ------
Moisture Content, (%) 18.00 ------
Nitrogen, (%) 0.91 ------
Phosphorus, (%) 0.85 ------ 
Potassium, (%) 0.90 ------

b. Requirement tools for determination soil moisture content.   Auger, flask, oven and balance  
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c. Potato variety.  Spunta Netherland production was used 

 Methods: 
a. Experimental site: 

The field experiment was carried out during two summer growing seasons 2010 and 2011; it was executed 
in Abo-Ghaleb farm, Cairo- Alex. Rood, 60 Km away from Cairo and the soil is sandy. Seed tubers were 
planted on 2 th of February and harvested on 28 th of May in the two seasons. 
 
b. Fertilization method and bio-fertigation: 

Three kinds of fertilizers were used in this experiment and fertilizers requirements of potato crop were 
added according to the recommendation of Field Crop Research Institute, ARC, Ministry of Agriculture and 
Land Reclamation. (1) Microbin; 26.4 kg from Microbin mixed with 2.4 ton from seed tubers directly before 
planting. (2) Compost; according to analyses of compost content, 0.91 % nitrogen and potato requirements from 
nitrogen was 360 kg nitrogen ha-1. This mean the total amount from compost =360/9.1= 39.6 ton and more than 
50% from applied compost will analyzed during the next year, this mean the total amount from compost at least 
79.1 ton ha-1. Microbin make 25% reduction from applied compost hence actual amount from applied compost 
were 59.33 ton ha-1 The compost was applied 20 days before planting and was added in middle of the row. (3) 
Bio-fertigation ; adding compost tea which was prepared by using water at a rate of 480 litter of water for each 
96 kg of compost and stored for 48 hrs then compost tea was taken and inject in drip irrigation network two 
times weekly. 
 
c. Experimental design and treatments: 

The experimental design was split-split plot with three replications. Two irrigation systems were selected to 
irrigate potato plants. The first was surface drip irrigation "SDI" built-in drip lines system with 30 cm emitters 
spacing. Polyethylene laterals with diameter of 16 mm were used at 70 cm spacing .The second system is 
subsurface drip irrigation "SSDI" the same practices used for laterals but they fixed at 15 cm depth under soil 
surface. Three water application rates were applied for irrigating potato plants: 50, 75 and 100% from water 
requirements "WRa". Fig.(1) show layout of irrigation systems with the experimental design. Three types for 
pulse irrigation (2 times per day, 3 times per day and 4 times per day and the time-off between pulses was 30 
minute) compared with continuous drip irrigation (one time per day). Emitter discharge was 2.1 lph at 1.0 bar 
operating pressure. 

 

 
C = Continuous drip,  P = Pulses  

 
Fig. 1: Layout of irrigation systems with the experimental design. 
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d. Estimation the total irrigation water: 
The total irrigation water for potato plant was estimated according to the meteorological data of the Central 

Laboratory for Agricultural Climate (CLAC) as shown in fig. (2). Seasonal irrigation water applied was found 
8342.4 m3ha-1. 

 

 
 
Fig. 2: The relation between growth of potato plant and irrigation water applied 
 
e. Determination of clogging ratio of emitters: 

 According to Sultan (1995) determination the clogging ratio of emitters "CRE" by using equation:   
                                             CRE = 1 - η 
Where: η = q used / q new ; CRE = Clogging ratio of emitters (%) ; η = efficiency of emitter (%); q used = 

Average discharge for used emitters (l/h) ;q new = Average discharge for new emitters (l/h) 
 
f. Determination of emission uniformity: 

According to the method by Keller and Karmeli (1975) as following:         EU = (qmin./qa ) * 100 
Where: EU = field test emission uniformity (%); qmin.= average rate of emitter discharge readings of the 

lowest one-fourth of the field data (l/h) ; qa   = average discharge rate of the emitters checked in the field (l/h) 
 
g. Determination of application efficiency: 

According to El-Meseery (2003) application efficiency "AE" was calculated using the following relation:                            
AE = Vs/ Va 

Where: AE = Application efficiency, (%); Vs = (θ1 – θ2) * d * ρ*A  Where:Vs = Volume of stored water in 
root zone (cm.3); Va = Volume of applied water (cm.3); A = wetted surface area of root zone (cm.2) , d = Soil 
layer depth (cm); θ1 = Soil moisture content after irrigation (%), θ2 = Soil moisture content before irrigation(%); 
ρ = Relative bulk density of soil (dimensionless) 
 
h. Determination of irrigation water use efficiency: 

Irrigation water use efficiency "IWUE" is an indicator of effectiveness use of irrigation unit for increasing 
crop yield. Irrigation water use efficiency of potato yield was calculated according to James (1988) as follows: 
IWUE potato (kg/m3) =Total yield (kg ha-1) / Total applied irrigation water (m3 ha-1)  
 
i. Statistical analysis: 

The standard analysis of variance procedure of split-split plot design with three replications as described by 
Snedecor and Cochran (1982) was used. All data were calculated from combined analysis for the two growing 
seasons 2010 and 2011. The treatments were compared according to L.S.D. test at 5% level of significance. 

 
RESULTS AND DISCUSSION 

 
Effect of pulse drip irrigation on clogging ratio of emitters: 

Clogging ratio of emitters was calculated by estimation of discharge of used emitters (after two years) and 
discharge of new emitters. Table (4) and Fig.(3) showed the relation between no. of irrigation pulses under SDI 
and CRE at 100% , 75% and 50% from WRa. Under SDI there were no significant differences between values 
of CRE and amount of applied water as shown  in table (4), this mean that, under SDI no relation between 
amount of water and CRE so; it was possible to take the average of these values to form the general relationship 
(Logarithmic model) as shown in fig. (3) for sandy soils under surface drip irrigation system:          

CRE = -3.13ln (NIP) + 9.914 
Where; CRE = Clogging ratio of emitters, % and NIP = Number of irrigation pulses (from 1 to 23 pulse) 
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Table 4: Effect of No. of irrigation pulses under surface drip irrigation system on clogging ratio of emitters at 100%, 75% and 50% from  
             actual water requirements. (Average of the two growing seasons) 

Continuous 2 pulses 3 pulses 4 pulses 
9.85 7.93 6.60 5.50 100% IRa SDI 
9.81 7.86 6.52 5.45 75% IRa SDI 
9.79 7.85 6.49 5.38 50% IRa SDI 
ns ns ns ns L.S.D. = 0.12 
9.83 7.88 6.54 5.44 average SDI 

 

 
 
Fig. 3: Effect of No. of irrigation pulses under surface drip irrigation on clogging ratio of emitters 

 
Table (5) and Fig.(4) showed the relation between no. of irrigation pulses under SSDI and CRE at 100% , 

75% and 50% from WRa. Under SSDI there were no significant differences between the values of CRE and 
amount of applied water as shown in table (5), this mean that, under SSDI no relation between amount of water 
and CRE so; it is possible form the general relationship (linear model) for sandy soils under subsurface drip 
irrigation system:                            CRE = -1.283 NIP + 11.98 

Where : CRE = Clogging ratio of emitters, % and NIP = Number of irrigation pulses (from 1 to 9 pulses) 
Maximum value of CRE was 10. 85% under the following conditions (100% from IRa with CDI under 

SSDI) and minimum value of CRE was 5.38% under the following conditions (50% from WRa with 4 Pulse 
under SDI) 
 
Table 5: Effect of No. of irrigation pulses under subsurface drip irrigation system on clogging ratio of emitters at 100%, 75% and 50% from  
              actual water requirements. (Average of the two growing seasons) 

Continuous 2 pulses 3 pulses 4 pulses 
10. 85 9.40 8.11 7.00 100% IR SSDI 
10. 78 9.30 8.05 6.93 75% IR SSDI 
10.73 9.29 7.99 6.89 50% IR SSDI 
ns ns ns ns L.SD = 0.12 
10.79 9.33 8.05 6.94 average SSDI 

ns = no significant 
 

 
 
Fig. 4: Effect of No. of irrigation pulses under subsurface drip irrigation on clogging ratio of emitters 

 
In general, CRE decreased by increasing the number of irrigation pulses at (100%, 75% and 50% from 

WRa) under surface and subsurface drip irrigation. This may be due to pulse technique (cycle on-off) created 
turbulence in the flow channel and this turbulence prevent particles suspended from accumulation in flow 
channel and outlets of emitters. These results are agreement with those obtained by Solomon (1999), Kolganov 
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and Nosenko (2000), Yardeni (1989), Al-Amoud and Saeed (1988) and Jackson and Kay (1987). CRE increased 
by increasing the amount of applied water, this may be due to two reasons, first of all, increasing amount of 
applied water mean increasing in number of operating hours hence increasing in probability of clogging and the 
second reason, increasing amount of applied water mean increasing in relative saturated of soil around emitter 
hence easily pull particles suspended in soil water during cycle on-off. The values of CRE under pulse surface 
drip irrigation were lower than values of CRE under pulse subsurface drip irrigation, this may be due to pulse 
technique makes vacuum in the network and this vacuum with subsurface drip system will pull more particles 
which around the emitters through inlets of emitters.  

Using statistical analysis for values of CRE indicated that, there are significant differences between pulse 
drip irrigation and continuous drip irrigation (L.S.D. at 5% level was 0.12). CRE decreased by increasing 
number of irrigation pulses. CRE decreased from 9.79% under CDI to minimum value, where it becomes 5.38% 
after applying pulse technique with 4 pulses at 50 % from WRa under surface drip irrigation, recording a 
decrease 45%. There were no significant differences between minimum value of CRE and the following values 
of CRE 5.45% and 5.50% under the following conditions (75% of WRa on 4 pulses under SDI) and (100% of 
WRa with 4 pulses under SDI) respectively.  

It is possible to use new general relationship:      CRE= -3.13ln (NIP) + 9.914 
Where; CRE = Clogging ratio of emitter, %; NIP = Number of irrigation pulses and limitations of 

relationship (For surface drip irrigation system - For sandy soils - Range of irrigation pulses number from 1 to 
23 pulses - Under organic agriculture - The kind of emitter is built in with discharge 2.1 L/h at 1 bar - Time-off 
between pulses 30 minute.). And also, it is possible to use new general relationship: CRE = -1.283 NIP + 11.98 

Where; CRE = Clogging ratio of emitter, %; NIP = Number of irrigation pulses and limitations of 
relationship (For subsurface drip irrigation system for sandy soils - Range of irrigation pulses number from 1 to 
9 pulse - Under organic agriculture - The kind of emitter is built in with discharge 2.1 l/h at 1 bar - Time-off 
between pulses 30 minute - Maximum operating time per one pulse is 75 minute). 
 
Effect of pulse drip irrigation on emission uniformity: 

The figures (5 and 6) showed the relation between pulse drip irrigation, "PDI" and emission uniformity, 
"EU" under 100%, 75% and 50% from water requirements, " WRa ". Maximum value of EU was 90.48% under 
the following conditions (50% from WRa with 4pulses under SDI) and minimum value of EU was 81.37 % 
under the following conditions (100% from WRa with CDI under SSDI). From the data of EU, it increased by 
increasing the number of irrigation pulses (100%, 75% and 50% from WRa) under surface and subsurface drip 
irrigation. This was due to the positive effect of pulse drip irrigation on reducing CRE as shown in fig.(7) and 
fig. (8). This result is agreement with that obtained by Bader et al. (2001) 

 

 
 
Fig. 5: Effect of pulse surface drip irrigation on emission uniformity 
 

 
 
Fig. 6: Effect of pulse subsurface drip irrigation on emission uniformity 
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Fig. 7: Effect of pulse surface drip irrigation on emission uniformity "EU" and clogging ratio of emitters "CRE" 

 

 
 
Fig. 8: Effect of pulse subsurface drip irrigation on emission uniformity "EU" and clogging ratio of emitters  
            "CRE" 

 
Effect of pulse drip irrigation on application efficiency: 

The figures (9, 10) showed the relation between pulse drip irrigation, "PDI" and AE under 100%, 75% and 
50% from WRa. From the above data, AE increased by increasing the number of irrigation pulses at (100% and 
75% from WRa) under surface and subsurface drip irrigation. This may be due to decreasing of water 
penetration to downward by increasing of initial moisture content which increase by increasing number of 
irrigation pulses hence, pulse technique increased from water movement in horizontal direction than vertical 
direction. This action increased from wetted soil volume inside root zone and this mean increasing in water 
volume which was stored in root zone. These results are agreement with those obtained by Scott (2000) and 
Oron (1981). AE decreased by increasing the number of irrigation pulses at 50% from WRa under surface and 
subsurface drip irrigation. This may be due to pulse technique increase from wetted area of small amount from 
applied water in addition increasing the time-off hence, increasing the evaporation rate. AE decreased by 
increasing the amount of applied water. This due to decreasing in volume of stored water in root zone compared 
with increasing the volume of applied water. The values of AE under surface drip irrigation are higher than 
values of AE under subsurface drip irrigation this may be due to escaping the water out of root zone by deep 
percolation. AE increased from 89% under CDI to maximum value where it become 94% after applying pulse 
technique with 4pulses at 100 % from WRa under surface drip irrigation, recording an increase of 5.3% on the 
other hand maximum values of AE under deficit irrigation were 97.5% for 75 % from WRa on 4 pulses under 
surface drip irrigation and 98.5% for 50 % from WRa with CDI under subsurface drip irrigation. 
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Fig. 9: Effect of pulse surface drip irrigation on application efficiency 

 

 
 
Fig. 10: Effect of pulse subsurface drip irrigation on application efficiency 

 
Effect of pulse drip irrigation on water productivity: 

 
Irrigation water use efficiency "IWUE" or water productivity is an indicator of effectiveness use of 

irrigation water unit for increasing crop yield. Tables (6 and 7) and the figures (11 and 12) showed the relation 
between pulse drip irrigation and irrigation water use efficiency for potato, "IWUEpotato" under 100%, 75% and 
50% from actual water requirements, " WRa ". Maximum value of IWUE potato was 2.36 (kg/m3) under the 
following conditions (75% from WRa with 4pulses under SSDI) and minimum value of WUE potato was 0.80 
(kg/m3) under the following conditions (50% from WRa with 4pulses under SDI). In general, There are 
significant differences between 2.36 (kg/m3) under (75% from WRa with 4 Pulses under SSDI) and 1.89 (kg/m3) 
under (100%from WRa with 4Pulses under SSDI). This may be due to the reduced amounts of water applied did 
not change the soil moisture significantly. Yields for both treatments were similar. These results are agreement 
with those obtained by Kenig et al. (1995) and Segal et al. (2000).Using statistical analysis for values of IWUE 

potato indicated that, there are significant differences between pulse drip irrigation and continuous drip irrigation 
(L.S.D. at 5% level was 0.08).IWUE potato increased by increasing number of irrigation pulses especially at 
(100% and 75% from WRa). IWUE potato increased from 1.44 (kg/m3) under CDI to maximum value, where it 
become 2.36 (kg/m3) after applying pulse technique with 4 pulses at 75 % from WRa under SSDI, recording an 
increase 63.9%, this mean that can save 25% of water requirements per season which equal 769 m3 from 
irrigation water.  

 
Table 6: Effect of pulse surface drip irrigation on water use efficiency. Average of the two growing seasons 

IWUE (kg/m3) TAW 
(m3/ha/season) 

Y.,  
(kg ha-1) 

Number of Pulses WRDI 
(m3) 

I.S. 

1.25 8342.4 10440 CDI  
 
8342.4 

 
 
 
 
 
SDI 

1.35 8342.4 11256 2 Pulses 
1.52 8342.4 12696 3 Pulses 
1.87 8342.4 15600 4 Pulses 
1.31 6496.8 8496 CDI  

 
6496.8 

1.64 6496.8 10680 2 Pulses 
1.94 6496.8 12576 3 Pulses 
2.35 6496.8 15240 4 Pulses 
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1.24 4651.2 5784 CDI  
 
4651.2 

1.22 4651.2 5664 2 Pulses 
1.04 4651.2 4824 3 Pulses 
0.80 4651.2 3744 4 Pulses 

0.08   L.S.D. at 5% level 
Y. = Yield of potato   IWUE = Irrigation Water Use Efficiency    SDI = Surface Drip Irrigation WRDI = Water regime under deficit irrigation 
IS= Irrigation Systems   TAW= Total applied water 

 

 
 
Fig. 11: Effect of pulse surface drip irrigation on irrigation water use efficiency 

 
Table 7: Effect of pulse subsurface drip irrigation on irrigation water use efficiency. (Average of the two growing seasons) 

IWUE (kg/m3) TAW 
(m3/ha/season) 

Y.,  
(kg ha-1) 

Number of Pulses WRDI 
(m3) 

I.S. 

1.35 8342.4 11280 CDI  
 
8342.4 

 
 
 
 
SSDI 

1.56 8342.4 13008 2 Pulses 
1.77 8342.4 14784 3 Pulses 
1.89 8342.4 15768 4 Pulses 
1.44 6496.8 9336 DI  

 
6496.8 

1.66 6496.8 10800 2 Pulses 
2.18 6496.8 14160 3 Pulses 
2.36 6496.8 15336 4 Pulses 
1.34 4651.2 6240 CDI  

 
4651.2 

1.32 4651.2 6144 2 Pulses 
1.05 4651.2 4896 3 Pulses 
0.90 4651.2 4200 4 Pulses 
0.08   L.S.D. at 5% level 

Y.= Yield of potato  IWUE = Water Use Efficiency  SSDI = Subsurface Drip Irrigation WRDI = Water regime under deficit 
irrigation IS= Irrigation Systems  TAW= Total applied water 

 

 
 
Fig. 12: Effect of pulse subsurface drip irrigation on irrigation water use efficiency 
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