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ABCTRACT 
 

Two field experiments were carried out during growing seasons 2011 and 2012; it was executed in Abo-
Ghaleb farm, Cairo- Alex. Rood, 60 Km away from Cairo – Egypt, to study the effect of short irrigation cycles 
(cycle1 = 2 times per day, cycle2= 3 times per day and cycle3= 4 times per day and the time-off between pulses 
was 30 minute compared with continuous drip irrigation) on soil moisture distribution in root zone, fertilizers 
use efficiency and productivity of potato to improve from water management inside farms. The results indicated 
that, maximum productivity of potato occurred under the following conditions: cycle3 under subsurface drip 
irrigation. This is may be due to soil moisture distribution and soil moisture content increased in the root zone 
after applying short irrigation cycles compared with continuous drip irrigation, this due to increasing number of 
pulses inside each irrigation cycle cause increasing in water movement in horizontal direction than vertical 
direction hence, increasing in MCRZ and WSV≥100%FC. Where increasing in WSV≥100%FC means increasing in 
volume of available water and nutrients in root zone and these nutrients will be more available for plant by 
increasing both MCRZ and WSV≥100%FC in the root zone. .  
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Introdution 

 
Short irrigation cycles are a recent concept where small frequent irrigation applications are applied to a 

plant (Dole, 1994). Approximately 70 percent of water used by plants is removed from the upper half of the 
plant root zone. Optimum crop yields result when soil-water tensions in this area are kept below 5 atmospheres. 
Observe root development of present or former crops. Root penetration can be extremely limited into dry soil, a 
water table, bedrock, high salt concentration zones (Elwin, 1997). To schedule irrigation, compare the amount 
of water available in the crop root zone with the tree’s daily water requirement. If the daily water requirement 
exceeds the amount of water that can be held in the root zone, you will need to irrigate more than once a day. If 
the soil can hold more than the daily water requirement there is an option of irrigating when the available water 
is depleted (this may be every second or third day), daily or several times a day (Helen, 2007). 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. Growers can expect to irrigate drip fields more frequently than furrow-irrigated fields. One reason 
for the need for more frequent irrigation is simply that less water is applied per irrigation. Also, moisture may be 
wicked away from the root zone as the irrigated soil and surrounding dry soil. Drip irrigation permits greater 
control and precision of irrigation timing and the amount of water applied. This flexibility to manage a schedule 
based on root zone soil water tension, thus precisely matching crop needs, may be the greatest advantage of drip 
irrigation (Shock, et al 2006). Most growers scheduled an irrigation pulse when soil moisture tension in the 
main part of the root zone (15- 20cm) reached about -10 cent bars (Steven, 2006). Based on reports from other 
states (where soil types are different), it is often believed that the size of the wetted zone can be increased if 
irrigation is pulsed (Eric et al., 2004). The results showed a consistent trend that short irrigation cycles reduce 
the vapor pressure deficit about the trees. As increasing vapor pressure deficit can increase the plants internal 
water deficits, it can be assumed that the pulsing irrigation regime was effective in reducing water stress within 
the tree. Information from the USA and Israel provides some evidence that the Open Hydroponic principle of 
maintaining soil moisture as close as possible to field capacity can provide productivity and water saving 
improvements. This form of irrigation management includes pulse irrigation and low output continuous 
irrigation during the day. Research on sandy soils in Florida indicates that trees begin to experience water stress 
when soil moisture levels fall below field capacity. Soils at higher soil moisture contents also have higher 
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movement rates of water (hydraulic conductivity) in the soil in order to replenish soil moisture supplies near the 
root more quickly than with lower soil moisture contents (Bouma et al. 2003). For most crops, the soil in the 
root zone should be kept near field capacity at all times. This means that irrigation should be frequent, and the 
amount of water applied each time should be equal to the amount used by the plants since the last irrigation. In 
general, short irrigation cycles with high application rates help promote lateral movement of water, resulting in 
better wetting patterns for light soils. "Pulse irrigation," where the system is operated several times a day for 
short durations, can further widen the wetted pattern. Long duration at a low application rate results in better 
infiltration of water in heavy (high clay content) soils. The right irrigation cycle depends on the specifics of your 
field – experiment to find out what works best. Irrigation frequency is one of the most important factors in drip 
irrigation scheduling. Due to the differences in soil moisture and wetting pattern, crop yields may be different 
when the same quantity of water is applied under different irrigation frequencies. High irrigation frequency 
might provide desirable conditions for water movement in soil and for uptake by roots (Segal et al., 2000). 
Several experiments have shown positive responses in some crops to high frequency drip irrigation (Freeman et 
al., 1976; Segal et al., 2000; Sharmasarkar et al., 2001). Drip irrigation only wets soil near the plants. Roots 
only develop in the wetted area and, as a result, can be more localized than with other irrigation methods. This 
normally does not cause problems, but it makes irrigation frequency critical. Because the water holding capacity 
in the root zone is smaller, an extended period of time without irrigating can easily cause plant stress. During hot 
weather conditions, daily irrigation may be necessary to avoid crop damage from water stress (RO-DRIP® User 
Manual, 2001). Short irrigation cycles or pulse irrigation system, irrigating amount and timing are the objectives 
for reducing run off, decreasing percolation of water beneath the root zone and reducing water evaporation after 
irrigation (El-Gindy and Abdel Aziz, 2001). Applying irrigation water in stages or pulses rather than all at one 
time can save water by giving the media time to moisten from the first pulse of water thereby allowing it to 
absorb subsequent irrigation more readily and reducing the total amount of water required. For example, instead 
of irrigating 4 different areas for 1 hour each (four hours total), studies have shown that by watering each area 
sequentially for 15 minute intervals and repeating this process twice, a 25% reduction in water usage (3 hours 
total irrigation time) can be obtained along with adequate wetted container media. of course this works easiest 
where the irrigation is controlled by electric solenoids, reducing the labor required to turn the various zones on 
and off (Scott, 2000).One of the most common problems encountered with drip irrigation is that irrigation is 
applied in excess of crop requirements, whereby the water saving potential of drip is forfeited. According to 
Bravdo and Proebsting (1993) the water distribution pattern under a dripper normally forms a bulb- or onion-
shaped zone, where most of the irrigated soil is under the soil surface. If over irrigation occurs the bulb-shaped 
wetted zone gradually becomes carrot-shaped and eventually may form a "chimney" leading the excess water 
downward towards the water table (Hillel, 1987). Valuable nutrients may be leached out of the root zone and 
become unavailable for the plants, while contaminating the groundwater. Temporary aerobic conditions may 
then occur in the rooting zone, hampering growth and development and eventually yield and quality of tubers. 
According to Van Loon (1981) the depth and horizontal water flow can be manipulated by changing the 
frequency of irrigation. The benefits of pulse irrigation  method, such as reducing surface soil water evaporation, 
decreasing fertilizers leaching, enhancing yield and so on, have been documented by different researchers . 
Using ebb-and-flood or pulse irrigation, fertilizer amounts must be reduced to avoid high electrical conductivity 
build up in the media due to reduce or no leaching. However, leaching is recommended from time to time to 
avoid salt buildup and crop damage. Leaching should be based on the electrical conductivity measurements of 
the soil solution, and not be performed indiscriminately with every irrigation (Lieth, 1994). The advantages of 
pulsing are that plant growth is generally greater than with standard irrigation and lower fertilizer rates can be 
used (Dole, 1993). Potatoes are largest horticultural export in Egypt. 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 short irrigation cycles on soil moisture distribution in root zone, fertilizers use efficiency and 
productivity of potato to improve from water management inside farms. To achieve the aim of present study, the 
effect of short irrigation cycles was studied on: (1) Soil moisture distribution, (2) Moisture content in root zone, 
(3) Fertilizers use efficiency, (4) Productivity of potato. 
 
Materials And Methods 
 
Materials 
 
Chemical analysis and some physical properties of soil and irrigation water: 
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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 the analysis of irrigation water was 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) 
 

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 

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

Methods: 
 
a. Experimental site: 
 

The field experiment was carried out during two summer growing seasons 2011 and 2012; 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 28 th of January and harvested on 25 th of May in the two seasons. 

 
b. Experimental design and treatments:  
 

The experimental design was 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. Fig.(1) show layout of irrigation systems with the experimental design. Three types of irrigation cycles 
(cycle1 = 2 times per day, cycle2= 3 times per day and cycle3= 4 times per day and the time-off between pulses 
was 30 minute) compared with continuous drip irrigation (one time per day= no cycle). Table (3) shows the 
scheduling of short irrigation cycles according to experimental design. Emitter discharge was 2.1 lph at 1.0 bar 
operating pressure. 

 
Table 3: Scheduling of short irrigation cycles according to experimental design. 

 Pulse drip irrigation 
1time/d.= CDI Cycle1/d. Cycle2/d. Cycle3/d. 
A.W., 
m3 

O.T., 
min. 

A.W., m3 O.T., 
min. 

A.W., m3 O.T., 
min. 

A.W., m3 O.T., 
min. 

 

A.W./1 O.T./1 A.W./2 
+ 
A.W./2 

O.T./2 
+ 
O.T./2 

A.W./3+ 
A.W./3+ 
A.W./3 

O.T./3 
+ 
O.T./3 
+ 
O.T./3 
 

A.W./4+ 
A.W./4+ 
A.W./4+ 
A.W./4 

O.T./4 
+ 
O.T./4 
+ 
O.T./4 
+ 
O.T./4 

Time-off between pulses 0  30  30  30 
d = day, A.W.= Amount of Water, CDI = Continuous Drip Irrigation, O.T. = Operating Time 
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C = Continuous drip, C1, 2, 3 = short irrigation cycles 
 

Fig. 1: Layout of irrigation systems with the experimental design. 
 
c. 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 

 
d. Soil moisture distribution: 
 

Soil moisture distribution was determined according to Liven and Van Rooyen (1979). The soil samples 
were taken at maximum actual water requirements by auger before and 2 hours after irrigation and from 
different locations.  In the case of 70 cm space between rows the sample locations were taken at 0,10,20,30 on 

62 m
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the X- direction. In the case of 30 cm emitter space the sample locations were at 5, 10, and 15 cm on the Z- 
direction (space between the emitters). For each of these locations, soil samples were collected from different 
depths from soil surface, which were 0, 15, 30 and 45 cm on the Y- direction. Soil moisture content was 
measured by the gravimetric methods. Soil moisture content percentage was determined as a dry weight 
(S.M.W.) was calculated from the following equation: 

S.M.W = (W1- W2) *100 / W2 
Where: W1 = weight of the wet soil sample (g), W2 = weight of the oven dried soil sample (g) at 105 0C for 

72 hours.By using "contouring program Surfer" we obtained on contouring map for different moisture levels 
with depths. 

 
e. Determination of Moisture content in root zone: 

 
according to the following method as shown as in table (4) 
 

Table 4: Determination of Moisture content in root zone 
Soil depth  (cm.) Distance from emitter 

(cm.) 
(across lateral) 

Distance from emitter 
(cm.) 
(along lateral) 

Moisture 
content in soil 
layers (%) 

Moisture content in root 
zone 
(%) 

0 10 20 5 10 15 
0 - 15 A1 A2 A3 A4 A5 A6 L1=An/n   

  15 - 30 B1 B2 B3 B4 B5 B6 L2=Bn/n 
30 - 45 C1 C2 C3 C4 C5 C6 L3=Cn/n (L1+L2+L3)/3 

A: moisture content at lyer1; B: moisture content at lyer2; C:  moisture content at lyer3   n: number of points  
 

f. Fertilizers use efficiency: 
 

Fertilizers use efficiency was determined for the tested variables according to Barber (1976) by following 
equations:(1) Nitrogen use efficiency of potato "NUE potato" (kg/kg-N) = yield (kg ha-1)/nitrogen applied (kg-N 
ha-1), (2) Phosphate use efficiency of potato "PUEpotato" (kg/kg-P) = yield (kg ha-1)/ Phosphate applied (kg-P ha-

1), (3) Potassium use efficiency of potato "KUEpotato"(kg/kg-K) = yield (kg ha-1) Potassium applied (kg-K ha-1). 
 

g. Statistical analysis: 
 

The standard analysis of variance procedure of 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 

 
Effect of short irrigation cycles on soil moisture distribution in root zone: 

 
From the relevant factors affecting the soil moisture distribution under drip irrigation systems are amount of 

applied water and short irrigation cycles (frequency of irrigation in one day). Figures from fig.(3) through (10) 
showed the relation between short irrigation cycles with drip irrigation system and wetted soil volume (more 
than or equal 100% of field capacity) "WSV≥100%FC" in root zone.WSV≥100%FC in root zone was determined by 
calculating the wetted soil volume surrounded by contour line 12 which approximately representing the field 
capacity. The wetted soil volume surrounded by contour line 12 turned to uniform volume. Figures from fig.(3) 
through (6) showed the relation between short irrigation cycles with surface drip irrigation on WSV≥100%FC. 
WSV≥100%FC in the root zone increased by increasing number of pulses inside each irrigation cycle. Average of 
maximum width for contour line 12 from the emitter to 15 cm length was 8 cm and maximum depth was 45 cm, 
this mean the area of WSV≥100%FC was 360 cm2 and average of maximum width for contour line 12 cm from the 
emitter across lateral was 6 cm hence, WSV≥100%FC was  8640 cm3 under continuous drip irrigation "CDI" but 
after applying cycle3 the average of maximum width for contour line 12 from the emitter to 15 cm length was  
15 cm and maximum depth was 31 cm, this mean the area of WSV≥100%FC was 465 cm2 and average of 
maximum width for contour line 12 cm from the emitter across lateral was 12 cm hence, WSV≥100%FC was 22320 
cm3. WSV≥100%FC in root zone increased from 8640 cm3 under CDI to 22320 cm3 under cycle3 recording an 
increase of 61%. 
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Fig. 3: Three dimensional soil moisture distribution and wetted soil volume (more than or equal 100% of field  
             capacity) for sandy soil under surface drip irrigation at peak water requirements under continuous drip 

 

 
 
Fig. 4: Three dimensional soil moisture distribution and wetted soil volume (more than or equal 100% of field  
             capacity) for sandy soil under surface drip irrigation at peak water requirements on cycle1 

 

 
 

Fig. 5: Three dimensional soil moisture distribution and wetted soil volume (more than or equal 100% of field  
             capacity) for sandy soil under surface drip irrigation at peak water requirements on cycle2 
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Fig. 6: Three dimensional soil moisture distribution and wetted soil volume (more than or equal 100% of field  
             capacity) for sandy soil under surface drip irrigation at peak water requirements on cycle3 

 
Figures from fig.(7) through (10) showed the relation between short irrigation cycles with subsurface drip 

irrigation  on WSV≥100% FC at 100% from WRa.WSV≥100%FC in the root zone increased by increasing number of 
pulses inside each irrigation cycle. Average of maximum width for contour line 12 from the emitter to 15 cm 
length was 7.5 cm  and maximum depth was 35 cm, this mean the area of WSV≥100%FC was 262.5 cm2 and 
average of maximum width for contour line 12 cm from the emitter across lateral was 6 cm hence, WSV≥100%FC 
was 6300 cm3 under continuous drip irrigation "CDI" but after applying cycle3 the average of maximum width 
for contour line 12 from the emitter to 15cm length was 15 and maximum depth was 22 cm, this mean the area 
of WSV≥100%FC was 330 cm2 and average of maximum width for contour line 12 cm from the emitter across 
lateral was 11 cm hence, WSV≥100%FC was  14520 cm3  . WSV≥100%FC in root zone increased from 6300 cm3 

under CDI to 14520 cm3 under cycle3 recording an increase of 57 %. 
 

 
 
Fig. 7: Three dimensional soil moisture distribution and wetted soil volume (more than or equal 100% of field  
           capacity) for sandy soil under subsurface drip irrigation at peak water requirements under continuous drip 

               

 
Fig. 8: Three dimensional soil moisture distribution and wetted soil volume (more than or equal 100% of field  
             capacity) for sandy soil under subsurface drip irrigation at peak water requirements on cycle1 
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Fig. 9: Three dimensional soil moisture distribution and wetted soil volume (more than or equal 100% of field  
             capacity) for sandy soil under subsurface drip irrigation at peak water requirements on cycle2 

 

 
 

Fig. 10: Three dimensional soil moisture distribution and wetted soil volume (more than or equal 100% of field  
               capacity) for sandy soil under subsurface drip irrigation at peak water requirements on cycle3 

 
Effect of short irrigation cycles under drip irrigation system on moisture content in root zone: 

 
Fig. (11) showed the relation between short irrigation cycles with surface drip irrigation on moisture content 

in root zone "MCRZ". MCRZ in root zone increased by increasing number of pulses inside each irrigation cycle. 
Average of moisture content "MC" was 12.18% in soil layer (0-15cm), 10.43% in soil layer (15-30cm), 7.53% 
in soil layer (30-45cm) and MCRZ was 10.04% under CDI but it become 13.26% in soil layer (0-15cm), 
12.14% in soil layer (15-30cm), 9.40% in soil layer (30-45cm) and MCRZ was 11.60% after applying cycle3 
recording an increase of  13.45%. Fig. (12) Showed the relation between short irrigation cycles with subsurface 
drip irrigation on MCRZ. MCRZ increased by increasing number of pulses inside each irrigation cycle. Average 
of MC was 8.76% in soil layer (0-15cm), 11.89% in soil layer (15-30cm), 8.88% in soil layer (30-45cm) and  
MCRZ was 9.84% under CDI but it become 9.39% in soil layer (0-15cm), 12.45% in soil layer (15-30cm), 
10.30% in soil layer (30-45cm) and MCRZ was 10.71% after applying cycle3 recording an increase of 8.12%.  

 

 
Fig. 11: Effect of short irrigation cycles under surface drip irrigation on moisture content in root zone 
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Fig. 12: Effect of short irrigation cycles under subsurface drip irrigation on moisture content in root zone 

 
It was clear from above data that, there are differences in soil moisture distribution and soil moisture 

content in the root zone after applying short irrigation cycles technique compared with continuous drip 
irrigation, this due to increasing number of pulses inside each irrigation cycle cause increasing in water 
movement in horizontal direction than vertical direction. These results are agreement with those obtained by El-
Adi, (2000), Segal et al., (2000), RO-DRIP® User Manual (2001), Helen (2007), Helmy (2000), Shock et al. 
(2006), Bouma et al. (2003) Eric et al. (2004), and Zin El-Abedin, (2006).  Not only soil moisture content in the 
root zone increased by increasing number of pulses but also pulse technique made enhancement in soil moisture 
distribution inside root zone and increased from WSV≥100%FC. The best conditions were determined according to 
the highest values of WSV≥100%FC. where increasing in WSV≥100%FC means increasing in volume of available 
water in root zone. Both MCRZ and WSV≥100%FC increased by increasing number of irrigation pulses inside each 
irrigation cycle where MCRZ increased from 10.04% under CDI to maximum value where it become 11.6 % 
after applying cycle3 under surface drip irrigation, recording an increase of 13.45% and also, WSV≥100% FC in 
root zone increased from 8640 cm3 under CDI to maximum value where it become 22320  cm3 after applying 
cycle3 under surface drip irrigation, recording an increase of 61%. 

 
Effect of short irrigation cycles under drip irrigation system on fertilizers use efficiency: 

 
Fertilizer use efficiency "FUE" is an indicator of effectiveness use of fertilizer unit in crop production. 

Fertilizer use efficiency of potato "FUEpotato" was calculated by dividing total yield by total amount of adding 
fertilizers for (N, P and K). Productivity of potato was calculated before and total amount of adding fertilizers 
for N, P and K were 540  kg ha-1, 504 kg ha-1and 534 kg ha-1 respectively hence values of NUEpotato, PUEpotato 
and KUEpotato were calculated as shown as in table (5). Table (5) and fig. (13) showed the relation between short 
irrigation cycles with surface drip irrigation on nitrogen, phosphorus and potassium use efficiencies "NUE potato, 
PUE potato and KUE potato" respectively. NUE potato, PUE potato and KUE potato increased by increasing number of 
pulses inside each irrigation cycle. First of all, NUE potato increased from 19.55 (kg/kg-N) under continuous drip 
irrigation "CDI" but it become 29.21 (kg/kg-N) after applying cycle3. Second, PUE potato increased from 20.71 
(kg/kg-P) under CDI but it become 30.95 (kg/kg-P) after applying cycle3. Third, KUE potato increased from 19.33 
(kg/kg-K) under CDI but it become 28.89 (kg/kg-K) after applying cycle3. 

 

 
Fig. 13: Effect of short irrigation cycles with surface drip irrigation on fertilizers use efficiency of potato 

 
Table (5) and fig. (14) showed the relation between short irrigation cycles with subsurface drip irrigation on 

nitrogen, phosphorus and potassium use efficiencies "NUE potato, PUE potato and KUE potato" respectively. NUE 
potato, PUE potato and KUE potato increased by increasing number of pulses inside each irrigation cycle. First of all, 
NUE potato increased from 21.12 (kg/kg-N) under continuous drip irrigation "CDI" but it become 29.53 (kg/kg-N)   
after applying cycle3. Second, PUE potato increased from 22.38 (kg/kg-P) under CDI but it become 31.29 (kg/kg-
P) after applying cycle3. Third, KUE potato increased from 20.89 (kg/kg-K) under CDI but it become 29.20 
(kg/kg-K) after applying cycle3. 
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Fig. 14: Effect of short irrigation cycles with subsurface drip irrigation on fertilizers use efficiency of potato 

 
Table 5: Effect of short irrigation cycles on fertilizers use efficiency of potato. (Average of the two growing seasons) 

KUE, 
(kg/kg-K) 

PUE, (kg/kg-P) NUE, (kg/kg-N) Type of cycle Irrigation Systems 
 

19.33 20.71 19.55 CDI  
Surface Drip Irrigation 20.84 22.33 21.08 Cycle1 

23.51 25.19 23.78 Cycle2 
28.89 30.95 29.21 Cycle3 
20.89 22.38 21.12 CDI  

Sub-Surface Drip Irrigation 24.09 25.81 24.36 Cycle1 
27.38 29.33 27.69 Cycle2 
29.20 31.29 29.53 Cycle3 

0.85 0.90 0.84 L.S.D. at 5% level 
NUE = Nitrogen Use Efficiency, PUE = Phosphorus Use Efficiency, KUE = Potassium Use Efficiency, 

  
It was clear from the previous results about fertilizers use efficiency (nitrogen, phosphorus and potassium 

use efficiencies) that it is increased by increasing the number of irrigation pulses inside each irrigation cycle 
under surface and subsurface drip irrigation. This was due to the positive effect of short irrigation cycles on 
increasing the wetted soil volume in root zone hence increasing the ability of roots to absorb more fertilizers and 
this agreement with (Hillel, 1987), Van Loon (1981) and (Dole, 1993). Using statistical analysis for values of 
NUE potato, PUE potato and KUE potato indicated that, there are significant differences between short irrigation 
cycles and continuous drip irrigation. NUE potato, PUE potato and KUE potato increased by increasing number of 
irrigation pulses inside each irrigation cycle. NUE potato, PUE potato and KUE potato increased from 21.12 (kg/kg-
N), 22.38 (kg/kg-P) and 20.89 (kg/kg-K) under CDI to maximum values, where it become 29.53 (kg/kg-N), 
31.29 (kg/kg-P) and 29.20 (kg/kg-K) respectively after applying cycle3 under SSDI. 

 
4. Effect of short irrigation cycles under drip irrigation system on productivity of potato: 

 
Table (6) showed the relation between short irrigation cycles and productivity of potato, "PP". PP increased 

by increasing the number of pulses inside each irrigation cycle with surface drip irrigation. PP increased from 
10.44 (ton ha-1) for CDI to 15.60 (ton ha-1) after applying cycle3 recording an increase of 49%. And also, PP 
increased by increasing the number of pulses inside each irrigation cycle with subsurface drip irrigation. PP 
increased from 11.28 (ton ha-1) for CDI to 15.77 (ton ha-1) after applying cycle3 recording an increase of 40%. 
PP increased by increasing the number of pulses inside each irrigation cycle. The increasing in PP due to the 
increasing in the available nutrients in the root zone. These nutrients will be more available for plant by 
increasing both MCRZ and WSV≥100%FC in the root zone. These results are agreement with those obtained by 
Zin El-Abedin (2006), Feng-Xin, et al. (2006), Segal et al. (2000), Beeson (1992) and Nosenko, et al. (1991). 
Using statistical analysis for values of YP indicated that, there were significant differences between pulse drip 
irrigation and continuous drip irrigation (L.S.D. at 5% level was 0.19). PP increased from 11.28 (ton ha-1) under 
CDI to maximum value, where it become 15.77 (ton ha-1) after applying cycle3 under subsurface drip irrigation, 
recording a decrease 40%. 

 
Table 6: Effect of pulse surface drip irrigation on yield of potato. (Average of the two growing seasons) 

Productivity of potato, (ton ha-1) Type of cycleIrrigation Systems 
10.44CDI 

Surface Drip Irrigation 11.26Cycle1

12.70Cycle2

15.60Cycle3

11.28CDI 
Sub-Surface Drip Irrigation 13.01Cycle1

14.78Cycle2

15.77Cycle3

0.46L.S.D. at 5% level 
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