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ABSTRACT 

 
Pulse drip irrigation is a recent concept where small frequent irrigation applications are applied to saturate 

the soil and meet the plant water requirements. The field experiment was carried out during two summer 
growing seasons 2011 and 2012, it executed in Abo-Ghaleb farm, Cairo- Alex. Rood, 60 Km away from Cairo 
and the soil was sandy. Seed tubers were planted on 30 th of January and harvested on 25 th of May in two 
seasons, and the well water was used as irrigation source having EC 1.9 ds/m, the soil sample were taken up to 
45 cm depth. Diameter of the lateral line was 16 mm (OD) with discharge of 2.1 l/h. The distance between 
emitters was 30 cm and between laterals was 60 cm. The present investigation aimed to study the effect of pulse 
drip irrigation Technology on the total costs for Inputs and total income for output of potato production. The 
following parameters were studied to evaluate the effect of pulse drip irrigation technique. (1) Growth 
characters of potato plant (2) Yield of potato, (3) total costs, total revenue, and net revenue. The results 
indicated that Growth (DWSL/P and LA / P) improved by increasing number of irrigation pulses especially at 
(100% and 75% from WR). DWSL/P increased from 38.22 (gm) under CDI to maximum value, where it 
become 46.12 (gm) after applying pulse technique with 4 pulses at 100 % from WR under subsurface drip 
irrigation, and also, LA / P increased from 1668 (cm2) under CDI to maximum value, where it become 1875 
(cm2) under the same conditions and also, net revenue increased by increasing number of irrigation pulses at 
100% and 75% from water requirements. Net revenue increased from 8377 (LE/fed.) under continuous drip 
irrigation to maximum value, where it become 17727 (LE/fed.) after applying pulse technique with 4 pulses at 
100 % from water requirements under subsurface drip irrigation. 
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Introduction 

 
Potato (Solanum turberosum L.) is one of the major crops contributing to the world's food requirement. The 

cultivated area of  potato in Egypt was about 164,141 ha in 2011, yielding about 433,843 ton .(FAOSTAT, 
2011). Pulse drip irrigation is applied all over the world because it has positive effects on increasing yield, 
improving quality, saving water, reducing from clogging emitters and reducing from consumption energy…etc. 
Characteristics of pulse irrigation (for sprinkler micro- irrigation, localized trickle irrigation, mist irrigation) 
used in Russia is described along with water and fertilizer application technologies. Special emphasis is given to 
the agrobiological efficiency of systems and technologies. The effects of pulse micro-irrigation and localized 
irrigation technologies on yields of different crops in some regions of Russia are presented (Kolganov and 
Nosenko, 2000). 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). The 
capital investments in the construction of irrigation systems of new type decrease by 20-60 % in comparison 
with the systems of regular operation. This reduction happens due to water flow distribution and minimization 
of diameters of the water conveyance network and also due to elimination of thorough water treatment 
necessary for drip irrigation systems. The empirical studies and optimization calculations have shown that the 
minimum discharge capacity and, hence, the minimum coefficient for the water conveyance network and 
equipment are provided by the system of continuous operation, when the degree of equipment use in time is 
equal to one. Energy consumption by the systems of pulse localized irrigation is much lower than by drip 
irrigation systems, because the required pressure for a design module is less than 3-5 mm of water column 
(Kolganov and Nosenko, 2000). 

 The advantages of pulsing are that plant growth is generally greater than with standard irrigation and lower 
fertilizer rates can be used (Dole, 1993). A low pressure system for pulse trickle irrigation on small farms was 
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developed. It is characterized by a comparatively low opening head (0.2-1.5 m) together with lower power 
requirements than conventional trickle irrigation systems (Georgiev, 1997). 

Pulse drip irrigation systems, which realize substantial savings of water and energy, are regarded in 
Bulgaria as an efficient means of irrigating small plots, home yards and greenhouses from limited water 
supplies, without requiring an external energy source (Georgiev and Conley, 1996). Where drip irrigation is 
used, you may need to irrigate more than once a day to meet peak water requirements. If the drip system drains 
out after each irrigation, break the irrigation down into the longest pulses possible to reduce losses to drainage. 
High irrigation frequency might provide desirable conditions for water movement in soil and for uptake by 
roots. (Segal et al., 2000). The systems have undergone immense development in recent years and now allow 
the simple and accurate timing of irrigation events. The level of control includes the ability to "pulse" irrigation 
events to meet the needs of soils that have less than desirable infiltration rates, thus minimizing run off. 
(Thompson, 2001). 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).  

To achieve the aim of present study the effect of pulse drip irrigation was studied on: (1) Yield of potato 
and (2) total costs, total revenue, and net revenue. 

 
Materials And Methods 
 
Materials: 
 
a. Some chemical analysis and some physical properties of soil and irrigation water:  

 
Some physical and chemical characters of soil and analysis of irrigation water for experimental site are 

presented in tables (1), (2) and (3) respectively. 
 

Table 1: Physical analysis of soil for experimental site 

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

Very Coarse Sand, % 26.67 24.80 29.88 9.79 
Coarse Sand, % 21.70 23.52 24.71 15.82 
Medium Sand, % 24.80 30.64 30.40 24.86 
Fine Sand, % 19.10 15.96 12.37 41.60 
Very Fine Sand, % 5.23 3.42 1.46 7.01 
Silt + Clay, % 2.50 1.66 1.18 0.92 
Soil texture  sandy sandy sandy sandy 
CaCo3, (%)    8.5  8.5 8.0 7.6 
 Field Capacity, (%) 11 
Wilting Point, (%) 3.8 
Bulk density, g/cm3 1.61 1.59 1.55 1.49 

 
Table 2: Chemical analysis of soil for experimental site. 

 
 

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 
Boron, (ppm) 2.0 2.1 2.4 2.5 

 
Table 3: Chemical analysis of irrigation water  

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

HCO-
3&Co=

3 2.97 
CL- 3.94 
SO4= 11.36 

 
Cation 
(meq./L)  
 

Ca++ 6.53 
K+ 0.22 
Mg+ 4.72 
Na+ 6.80 
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b. Description of the irrigation system components: 

 
The irrigation system consisted of: control head: (pumping and filtration unit and fertilizing unit). It was 

located at the water source supply. It consists of submersible pump with 45 m3/h discharge and it is driven by 
electrical engine and there were screen filter, back flow prevention device, pressure regulator, pressure gauges, 
flow-meter, and control valves. Main line was of PVC pipes with 110 mm in diameter outside diameter (OD) to 
convey the water from the source to the main control points in the field. Sub-main lines were of PVC pipes with 
75 mm diameter (OD) and connected to the main line. Manifold lines: PE pipes was of 63 mm in diameter (OD) 
were connected to the sub main line through control valve 2`` and discharge gauge. Emitters were of  (GR) type 
built in laterals tubes of PE with 16 mm in diameter (OD), and 30 m in long (emitter discharge was 2.1 lph at 
1.0 bar operating pressure and 30 cm spacing between emitters.  
 
c. Potato variety.  Spunta Netherland production was used: 

 
2.  Methods: 
 
a. Experimental site: 

 
The field experiments were carried out during two summer growing seasons 2011 and 2012, it executed in 

Abo-Ghaleb farm, Cairo- Alex. Rood, 60 km away from Cairo and the soil was sandy. Seed tubers were planted 
on 30 th of January and harvested on 25 th of May in the two seasons. 

 
b. Fertilization method and bio-fertigation: 

 
Three kinds of fertilizers were used in the experiments. First of all, Microbin (bio fertilizers). It was a 

commercial product purchased by the General Authority of Agriculture Funds and Equalization. Second, 
compost, which content, 0.91 % nitrogen, 0.85% phosphorus and 0.90% potassium in addition to other 
elements. Third, compost tea. 

 
c. Experimental design and treatments: 

 
The experimental design was split-split plot with three replications. Irrigation systems, water regime 

treatments, and pulse irrigation treatments were put in main plots, sub main plots and sub-sub main plots, 
respectively. Two irrigation systems were selected to irrigate potato plants. The first was surface drip irrigation 
"SDI" built-in drip lines system (GR, 2.1 lph emitter's discharge) 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 crop: 50, 75 and 100% from actual irrigation requirements 
"IRa". Fig.(1) shown 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 time-off between pulses was 30 minutes) 
with continuous drip irrigation (one time per day). 

 
d. Estimation the total irrigation water (m3/fed. / season): 

 
The total irrigation water for potato crop was estimated according to the meteorological data of the Central 

Laboratory for Agricultural Climate (CLAC) as shown in fig. (2), the volume of applied water increased with 
the growth of the plant then declined at the end of the growth season. The seasonal irrigation water applied was 
found 3480 m3/fed. 

 
e. Plant growth characters:  

 
A random sample of plants was taken at 60, 80 and 100 day after planting for determination of the 

following growth characters, Plant height, number of stems /plant, number of leaves /plant, fresh weight / plant, 
dry weight /plant and leaves area/plant (Abou-hussein, 2003). 
 
f. Determination yield of potato crop: 

 
At the end of growing season, potato yield was determined by ton/ fadden for each treatment by the 

following steps; step (1) measuring the area to determine the yield and step (2) collection the potato for each 
treatment on the buffer zone as shown in fig. (3) and step (3) weighing potato for each treatment. 
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Fig. 1: Layout of irrigation systems with experimental design. 

 

 
 
Fig. 2: The relation between growth of potato plant and irrigation water applied 

 

 
 
Fig. 3: Collection the potato tubers for each treatment on the buffer zone 
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g. Economical analysis: 
  

Net income was determined by the following equation: Net income, "NI" = Total income for output – Total 
costs for Inputs. Table (4) show some details around above equation Rizk, (2007).  

 
Table 4: Method for calculation the net income 

Item 

Irrigation systems  
All treatments Water regime treatments 

Number of pulses 
 
 
 
 
List of inputs 

Cost of irrigation, LE/fed.  
Cost of land preparation, LE/fed.  
Cost of tubers seeds, LE/fed.  
Cost of compost, LE/fed  
Cost of Microbin, LE/fed  
Cost of weed control, LE/fed.  
Cost of pest control, LE/fed.  
Cost of harvesting, LE/fed.  
Rent (on season), LE/fed.  
Total costs for inputs, LE/fed.  

 
Output  

Yield, ton/fed.  
Price, LE/ ton.  
Total revenue for output, LE/fed.  

Net income = list of outputs – list of inputs  
 
Cost analysis of Irrigation, LE/fed 
Partial cost was conducted to evaluate differences between tested variables, and it was computed according 

to Worth and Xin (1983). The total cost for each treatment was calculated based on feddan dimensions (60 m x 
70 m). According to the market price level of 2012 for equipment and installation. The analysis was followed 
the outlined procedure: 

Total annual cost (LE/year)=Annual fixed cost (F) + Operating cost (O) 
1. Annual fixed cost

F = D + I + T 

 (F): Annual fixed cost, (LE/year) invested in the irrigation system were calculated 
according to following the equations:   

Where, D= Depreciation rate, (LE/year), I= the interest, (LE/year) and T= Taxes and overhead ratio, 
(LE/year). Depreciation cost was calculated using the following equation: D = (I.C - E.C)/ E.L Initial cost (I.C) 
(LE/fed.) = Irrigation network item price, (LE) x Item quantity per fed. E.C = Price after the depreciation, (LE) 
and E.L = Expected life, (year) and Interest on Initial was calculated as follows: I = (I.C + E.C) x I.R /2   Where, 
I.R = Interest rate/year, (taken 14 %) Taxes and overhead ratio were taken as 1.5 % of Initial cost. 

2. Operating cost (O):

O = L + E + (R&M) + IS 

  Annual operating cost (LE/year) of the capital investment in the irrigation system 
was calculated as follows:  

Where, L = Labor cost, (LE/year) E = Energy cost, (LE/year)  R&M = Repair and maintenance cost, 
(LE/year) IS = Lateral installation cost, (LE/year). Energy cost was calculated as follows: E = Energy consumed 
(kW.h) x Energy unit price (LE/kW.h) R&M cost taken as 3 % of initial cost. 
 
h. 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 2011 and 2012. The treatments were compared according to L.S.D. test at 5% level of significance. 

 
Results And Discussion 

 
The prices were calculated according to the prices in exporting companies in Egypt. The price of organic 

potato in 2012 was 5000 L.E. /ton. Values of total costs of inputs, total income of output and net income were 
presented. 

 
1. Effect of drip irrigation frequency on the growth of potato: 
 
1.1. Effect of drip irrigation frequency on dry weight of stems and leaves/ plant: 

 
Table (5) showed the relation between PSDI and DWSL/P under 100%, 75% and 50% from WR. First of 

all, DWSL/P increased by increasing the number of pulses at 100% from WR at 60, 80 and 100 day from plant 
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age. i.e. DWSL/P increased from 36.46 (gm) for CDI to 45.05 (gm) under pulse technique with 4 pulses. 
Second, DWSL/P increased by increasing the number of pulses at 75% from WR at 60, 80 and 100 day from 
plant age. i.e.  DWSL/P increased from 35.87 (gm) for CDI to 43.11 (gm) under pulse technique with 4 pulses. 
Third; DWSL/P decreased by increasing the number of pulses at 50% from WR at 60, 80 and 100 day from 
plant age. i.e. DWSL/P decreased from 28.33 (gm) for CDI to 25.12 (gm) under pulse technique with 4 pulses.  

Table (5) showed the relation between PSSDI and DWSL/P under 100%, 75% and 50% from WR. First of 
all, DWSL/P increased by increasing the number of pulses at 100% from WR at 60, 80 and 100 day from plant 
age. i.e. DWSL/P increased from 38.22 (gm) for CDI to 46.12 (gm) under pulse technique with 4 pulses. 
Second, DWSL/P increased by increasing the number of pulses at 75% from WR at 60, 80 and 100 day from 
plant age. i.e.  DWSL/P increased from 37.65 (gm) for CDI to 44.00 (gm) under pulse technique with 4 pulses. 
Third; DWSL/P decreased by increasing the number of pulses at 50% from WR at 60, 80 and 100 day from 
plant age. i.e. DWSL/P decreased from 31.55 (gm) for CDI to 28.89 (gm) under pulse technique with 4 pulses.  

Maximum value of DWSL/P was 46.12 (gm) at 100 day from plant age under the following conditions 
(100% from WR with 4Pulses under SSDI) and minimum value of DWSL/P was 25.12 (gm) at 100 day from 
plant age under the following conditions (50% from WR with 4Pulses under SDI). 

 
Table 5: Effect of drip irrigation frequency on dry weight of stems and leaves/ plant. 

Irrigation Systems WRDI 
(m3) 

Number of Pulses Dry weight of   stems and leaves  / plant, (gm 

   60 day after sowing 80 day after sowing 100 day after 
sowing 

 
 
 
 
 
 
SDI 

 
 
3476 

CDI 20.28 28.37 36.46 
2 Pulses 22.97 31.96 40.95 
3 Pulses 23.09 32.12 41.15 
4 Pulses 25.43 35.24 45.05 

 
 
2707 

CDI 19.92 27.90 35.87 
2 Pulses 21.62 30.16 38.70 
3 Pulses 24.55 34.06 43.58 
4 Pulses 24.27 33.69 43.11 

 
 
1938 

CDI 15.40 21.86 28.33 
2 Pulses 15.20 21.60 28.00 
3 Pulses 15.18 21.58 27.97 
4 Pulses 13.47 19.30 25.12 

 
 
 
 
 
SSDI 

 
 
3476 

CDI 21.33 29.78 38.22 
2 Pulses 23.19 32.26 41.32 
3 Pulses 25.06 34.75 44.44 
4 Pulses 26.07 36.10 46.12 

 
 
2707 

CDI 20.99 29.32 37.65 
2 Pulses 24.27 33.69 43.11 
3 Pulses 25.39 35.18 44.98 
4 Pulses 24.80 34.40 44.00 

 
 
1938 

CDI 17.33 24.44 31.55 
2 Pulses 16.68 23.58 30.47 
3 Pulses 15.91 22.55 29.19 
4 Pulses 15.73 22.31 28.89 

WRDI =Water regime under deficit irrigation, SDI = Surface Drip Irrigation   SSDI = Subsurface drip irrigation  
 
1.2. Effect of drip irrigation frequency on leaves area/plant: 

 
Table (6) showed the relation between PSDI and LA / P under 100%, 75% and 50% from WR. First of all, 

LA / P increased by increasing the number of pulses at 100% from WR at 60, 80 and 100 day from plant age. 
i.e. LA / P increased from 1630 (cm2) for CDI to 1850 (cm2) under pulse technique with 4 pulses. Second, LA / 
P increased by increasing the number of pulses at 75% from WR at 60, 80 and 100 day from plant age. i.e.  LA / 
P increased from 1570 (cm2) for CDI to 1826 (cm2) under pulse technique with 4 pulses.Third; LA / P decreased 
by increasing the number of pulses at 50% from WR at 60, 80 and 100 day from plant age. i.e. LA / P decreased 
from 1539 (cm2) for CDI to 1231 (cm2) under pulse technique with 4 pulses.  

Table (6) showed the relation between PSSDI and LA / P under 100%, 75% and 50% from WR. First of all, 
LA / P increased by increasing the number of pulses at 100% from WR at 60, 80 and 100 day from plant age. 
i.e. LA / P increased from 1668 (cm2) for CDI to 1875 (cm2) under pulse technique with 4 pulses. Second, LA / 
P increased by increasing the number of pulses at 75% from WR at 60, 80 and 100 day from plant age. i.e.  LA / 
P increased from 1631 (cm2) for CDI to 1839 (cm2) under pulse technique with 4 pulses. Third; LA / P 
decreased by increasing the number of pulses at 50% from WR at 60, 80 and 100 day from plant age. i.e. LA / P 
decreased from 1560 (cm2) for CDI to 1378 (cm2) under pulse technique with 4 pulses.  
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Maximum value of LA / P was 1875 (cm2) at 100 day from plant age under the following conditions (100% 
from WR with 4Pulses under SSDI) and minimum value of LA / P was 1231 (cm2) at 100 day from plant age 
under the following conditions (50% from WR with 4Pulses under SDI). 

It was clear from the previous results about MCRZ and fertilizers use efficiency, the positive effect of pulse 
drip irrigation on increasing in MCRZ, and fertilizers use efficiency compared with continuous drip irrigation 
especially at 100% from WR and 75% from WR. The improving in growth due to the increasing in the available 
nutrients in the root zone. These nutrients will be more available for plant by increasing MCRZ and fertilizers 
use efficiency. at 50% from WR the volume of water stored was un-sufficient for growing potato plant and 
made high stress for plant in addition, the harm effect of pulse drip irrigation with small amount of water and 
increasing in time-off. Small amount of irrigation water with more pulses with increasing in time-off will 
concentrate the salts around the plant which increase from osmotic potentional hence decreasing from yield of 
potato especially under surface drip irrigation. Growth (DWSL/P and LA / P) improved by increasing number of 
irrigation pulses especially at (100% and 75% from WR). DWSL/P increased from 38.22 (gm) under CDI to 
maximum value, where it become 46.12 (gm) after applying pulse technique with 4 pulses at 100 % from WR 
under subsurface drip irrigation, and also, LA / P increased from 1668 (cm2) under CDI to maximum value, 
where it become 1875 (cm2) 

 
Table 6: Effect of drip irrigation frequency on leaves area/plant. 

Leaves area/plant , (cm2) Number of Pulses WRDI 
(m3) 

I.S. 
100 day after 
sowing 

80 day after 
sowing 

60 day after sowing 

1630 1300 974 CDI  
 
3476 

 
 
 
 
 
 
 
 
SDI 

1755 1400 1049 2 Pulses 
1817 1450 1085 3 Pulses 
1850 1477 1106 4 Pulses 
1570 1255 940 CDI  

 
2707 

1696 1357 1016 2 Pulses 
1830 1459 1093 3 Pulses 
1826 1461 1094 4 Pulses 
1539 1230 921 CDI  

 
1938 

1508 1201 900 2 Pulses 
1256 1000 750 3 Pulses 
1231 980 734 4 Pulses 
1668 1330 995 CDI  

 
3476 

 
 
 
 
SSDI 

1754 1400 1050 2 Pulses 
1838 1471 1100 3 Pulses 
1875 1500 1124 4 Pulses 
1631 1305 977 CDI  

 
2707 

1725 1380 1034 2 Pulses 
1841 1468 1100 3 Pulses 
1839 1470 1100 4 Pulses 
1560 1250 938 CDI  

 
1938 

1509 1200 906 2 Pulses 
1457 1160 873 3 Pulses 
1378 1100 824 4 Pulses 

2. Effect of pulse drip irrigation on yield of potato: 
 
Fig.(4) and Fig. (5) Indicated that YP increased by increasing the number of pulses especially at (100% and 

75% from WRa). The increasing in YP due to the increasing in the available nutrients in the root zone. These 
nutrients will be more available for plant by increasing wetted soil volume (more than or equal 100% of field 
capacity) and moisture content in root zone. Previous data indicated the positive role of pulse drip irrigation 
with increasing AE. These results are agreement with those obtained by Zin El-Abedin (2006), Feng-Xin 
(2006), Segal et al. (2000), Beeson (1992) and Nosenko, et al. (1991).   
 
Effect of pulse surface drip irrigation on total costs, total revenue and net revenue: 

 
Table (7) showed the actual method of calculation the net income and table (8) and figs (6) and (7) showed 

the relation between pulse drip irrigation and net income "NI" under 100%, 75% and 50% from actual water 
requirements, " WRa ". 
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Fig. 4: Effect of pulse surface drip irrigation on yield of potato 
 

 
 
Fig. 5: Effect of pulse subsurface drip irrigation on yield of potato 
 
Table 7: Method of calculation the net income 

 

Irrigation systems  
All treatments Water regime treatments 

Number of pulses 
 
 
 
 
List of inputs 
 
 
 
 

 100%IRa 75%IRa 50%IRa 
574 530 487 

Cost of Land preparation, LE/fed. 300 
Cost of tubers seeds, LE/fed. 6900 
Cost of compost, LE/fed 4944 
Cost of Microbin, LE/fed 55 
Cost of weed control, LE/fed. 160 
Cost of pest control, LE/fed. 100 
Cost of harvesting, LE/fed. 170 
Rent (on season), LE/fed. 1920 
Total costs for Inputs, LE/fed. 15123 15079 15036 

 
Output 

Yield, ton/fed.  Yn 
 farm gate price, LE/ ton. 5000 
Total revenue for output, LE/fed. Yn*5000 

Net revenue= list of outputs – list of inputs Yn*5000 – T.C.I. 
Yn = Y is yield   and n= number of treatment (from 1 to 24 treatment) T.C.I.= Total Costs for Inputs     The prices according to 2012 where 
1$ = 6.09 L.E 

 
Fig.(6) showed the relation between pulse surface drip irrigation and NI under 100%, 75% and 50% from 

WRa. First of all, NI increased by increasing the number of pulses at 100% from WRa. NI increased from 6627 
(LE/fed.) for continuous drip irrigation, "CDI" to 17377(LE/fed.)  under  pulse technique with 4 pulses .Second, 
NI increased by increasing the number of pulses at 75% from WRa. NI increased from 2621 (LE/fed.)  for CDI 
to 16671 (LE/fed.)  under pulse technique with 4 pulses. Third; value of NI less than zero at 50% from WRa.  NI 
decreased from -2986 (LE/fed.) for CDI to -7236 (LE/fed.)  under pulse technique with 4 pulses. 
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Fig. 6: Effect of pulse surface drip irrigation on total costs, total income and net income 

 
Effect of pulse subsurface drip irrigation on total costs, total  income and net income: 

 
Fig.(7) showed the relation between pulse subsurface drip irrigation and NI under 100%, 75% and 50% 

from WRa. First of all, NI increased by increasing the number of pulses at 100% from WRa. NI increased from 
8377 (LE/fed.)  for CDI to 17727 (LE/fed.)  under pulse technique with 4 pulses. Second, NI increased by 
increasing the number of pulses at 75% from WRa. NI increased from 4371 (LE/fed.)  for CDI to 16871 
(LE/fed.)  under pulse technique with 4 pulses. Third; NI less than zero at 50% from WRa. NI is decreased from 
-2036 (LE/fed.) for CDI to -6286 (LE/fed.)  under pulse technique with 4 pulses.  

 

 
 
Fig. 7: Effect of pulse subsurface drip irrigation on total costs, total   income and net income 

 
Maximum value of NI was 17727 (LE/fed.) under the following conditions (100% from WRa with 4 Pulses 

under SSDI) and minimum value of NI was -7236 (LE/fed.) under the following conditions (50% from WRa 
with 4Pulses under SDI).  

NI increased by increasing the number of pulses especially at (100% and 75% from WRa). The increasing 
in NI due to the increasing in YP and decreasing NI at (50% from WRa) due to the decreasing in YP. 

Using statistical analysis for values of NI indicated that, there are significant differences between pulse drip 
irrigation and continuous drip irrigation (L.S.D. at 5% level was 896).  

NI increased by increasing number of irrigation pulses at 100% and 75% from WRa. NI increased from 
8377 (LE/fed.) under CDI to maximum value, where it become 17727 (LE/fed.) after applying pulse technique 
with 4 pulses at 100 % from WRa under SSDI. 

There were no significant differences between maximum value of NI and 17377 (LE/fed.) and 16871 
(LE/fed.) under the following conditions (100% from WRa with 4 Pulses under SDI), and (75%from WRa with 
4 Pulses under SSDI) respectively. 

 
Conclusion: 

 
From the above mentioned investigation, it can conclude the net revenue increased by increasing number of 

irrigation pulses at 100% and 75% from water requirements. Net REVENUE increased from 8377 (LE/fed.) 
under continuous drip irrigation to maximum value, where it become 17727 (LE/fed.) after applying pulse 
technique with 4 pulses at 100 % from water requirements under subsurface drip irrigation. 
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Table 8: Effect of pulse drip irrigation on total costs, total income and net income. 

Net income, LE/fed. T.I. 
Output, LE/fed. 

T.C Inputs LE/fed. Number of Pulses WRDI 
(m3) 

I.S 

6627 21750 15123 CDI  
 
3476 

 
 
 
 
 
 
SDI 

8327 23450 15123 2 Pulses 
11327 26450 15123 3 Pulses 
17377 32500 15123 4 Pulses 
2621 17700 15079 CDI  

 
2707 

7171 22250 15079 2 Pulses 
11121 26200 15079 3 Pulses 
16671 31750 15079 4 Pulses 
-2986 12050 15036 CDI  

 
1938 

-3236 11800 15036 2 Pulses 
-4986 10050 15036 3 Pulses 
-7236 7800 15036 4 Pulses 
8377 23500 15123 CDI  

 
3476 

 
 
 
 
SSDI 

11977 27100 15123 2 Pulses 
15677 30800 15123 3 Pulses 
17727 32850 15123 4 Pulses 
4371 19450 15079 CDI  

 
2707 

7421 22500 15079 2 Pulses 
14421 29500 15079 3 Pulses 
16871 31950 15079 4 Pulses 
-2036 13000 15036 CDI  

 
1938 

-2236 12800 15036 2 Pulses 
-4836 10200 15036 3 Pulses 
-6286 8750 15036 4 Pulses 
896 L.S.D. at 5% level 

WRDI =Water regime under deficit irrigation, SDI = Surface Drip Irrigation   SSDI = Subsurface drip irrigation I.S = Irrigation System 
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