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ABSTRACT 
 
There are more implications for using controlling methods of scheduling irrigation and pulse drip 
irrigation to improve soil moisture distribution, water application efficiency and yield in greenhouse 
conditions. The main goals of this research paper are to maximize water application efficiency and 
improve crop and water productivity of cucumber crop, using manual and automatic control for 
scheduling irrigation and three pulses treatments (Ps6: 6 pulses/day, Ps3: 3 pulses/day and Ps1: 1 pulse 
as a control) using drip irrigation system under greenhouses conditions. To achieve the goals of this 
study, two field trials were conducted in greenhouse during 2017/2018 and 2018/2019 seasons at the 
research farm station of National Research Centre, Al-Nubariya Region, Al-Buhayrah, Egypt. The 
results indicated that, the automatic control scheduling irrigation under all pulses drip irrigation gave 
the superior in soil moisture content, water application efficiency, yield and water productivity. The 
highest values of soil moisture content were under 6 pulses for irrigation per day and the lowest values 
were at continuous irrigation “Ps1” with both irrigation scheduling controlling methods. The highest 
water application efficiency values were 97 and 96.3% under automatic irrigation and 6 pulses/day 
treatment, the lowest values were 89 and 86% under manual irrigation and 1 pulse/day, for the two 
growing seasons, respectively. The same trend is found between yield and water productivity of 
cucumber crop. Generally the highest values of yield were (153.8 and 152.1 ton ha-1), and the water 
productivity were (25.67 and 24.9 kg m-3) under automatic control of scheduling irrigation with 6 
pulses/day, for the two growing seasons, respectively. Finally, the use of pulse irrigation with automatic 
control is preferred as an alternative to manual control of scheduling irrigation. 
 
Keywords: Automatic irrigation, pulse irrigation, water productivity, cucumber and greenhouses 

 
1. Introduction 

Water is one of the most important elements in agricultural projects, including food security, 
industrial development, housing and urban expansion and all other aspects of human life activities. 
Water resources are a limiting factor for the agricultural production, and saving water becomes clearly 
a necessity. Therefore, irrigation technologies appear to play a major role in supporting agro-economy. 
In this light, water scarcity, appears to be a real big problem of the world economy in the near future. 
Therefore, water consumption, in all life activities, should be optimized and water be treated as a rare 
and important commodity (Marwa et al., 2017). A number of approaches could be followed to maximize 
the water use efficiency, some of which are related to the soil, some are related to the plant while others 
belong to the water supplied to the plant (Abdelraouf and El Habbasha, 2014, Wahba et al., 2016). 
Therefore, the most important goals of any agricultural project are optimizing the water use in 
agriculture and increasing the irrigation efficiency to save the water. Accordingly, improving water 
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productivity with higher yields is inevitable (El-Safie et al., 2018). Soil evaporation is a very important 
component of the water balance in natural and cultivated systems. It is estimated that 50–70% of the 
annual precipitation returns to the atmosphere without any benefit to biomass production (Jalota and 
Prihar, 1990). 

The reduction of soil evaporation is essential to increase the water use efficiency of agricultural 
crops (Sarkar et al., 2007 and Hou et al., 2010). 

However, using the automatic irrigation with developing the scheduling irrigation methods very 
accurately, providing different cultivated crops with their exact requirements of water at the correct 
time for the plant and it is a suitable tool to improve water use efficiency (Lozano et al., 2020 and 
Smarsly, 2013). Also, if these methods are scheduled and adjusted to give, exactly, the estimated 
amount of water appropriate to the plant needs within the different growth stages; it would save water 
and give the plant the precise essential needs of water and nutrients for its optimal growth and 
production (Luquet et al., 2005). Moreover, it will consume the minimum water, fertilizers, energy and 
labor as well. Also, it will render the plant avoid any stress of water deficiency (Marwa et al., 2017). 
Under scheduling irrigation, the irrigation water can be divided into various times, with a break in 
between (Maller et al., 2019).  

The application of short-pulse irrigation resulted in a decrease in the uniformity of water 
distribution and the application efficiency, this is due to the water is added at one time, with more of 
deep percolation (Lozano et al., 2020). 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 . Drip irrigation with over irrigation, valuable nutrients may be 
leached out of the root zone and become unavailable for the plants, while contaminating the 
groundwater (Zin El-Abedin, 2006). The use of pulse irrigation provides the water content that is able 
to keep the quality of the crop and the application of pulse irrigation gives a good high yield index and 
a low root production index (Zamora et al., 2019). 

Cucumber is one of the vegetable crops most used on the table, which is grown in greenhouses 
in Egypt. Fresh fruits are greatly affected by decrease amount of water, so it is preferable to schedule 
the irrigation during the growth season (Abdelraouf et al., 2020). 

Therefore the main goals of this study are to maximize water application efficiency and improve 
crop and water productivity of cucumber crop, using automatic pulse drip irrigation under greenhouses 
conditions. 
 
2. Materials and Methods 
 
2.1. Location and climate of experimental site 
 

The field experiments were conducted during 2017/2018 and 2018/2019 seasons at the research 
farm station of National Research Centre (NRC) (latitude 30o 30' 1.4''N, longitude 30o19' 10.9'' E, and 
21 m + MSL (mean sea level) at Al-Nubariya Region, Al-Buhayrah Governorate, Egypt. The 
experimental area has an arid climate with cool winters and hot dry summer. The data of average 
temperature, relative humidity and wind speed were obtained from the meteorological data of the 
Central Laboratory for Agricultural Climate (CLAC), Agricultural Research Centre for El-Nubaryia 
region, as shown in Table (1). 

 
2.2. Physical and chemical properties of soil and irrigation water 
  

Irrigation water source was an irrigation channel passing through the experimental area, with an 
average pH of 7.36 and 0.42 dS m-1 as electrical conductivity (EC). The main physical and chemical 
properties of the soil are shown in Table (2). 
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Table 1: The data of average temperature, relative humidity and wind speed were obtained from the 
local weather station at El-Nubaryia farm. 

Climatic mean values, 2017/2018 
Months SRAD TMAX TMIN RAIN WIND TDEW TMean RH 
November 13.98 24.25 12.23 0.00 3.42 8.98 17.35 58.36 
December 10.36 21.29 10.32 0.00 3.64 7.92 14.92 63.50 
January 12.38 17.61 5.97 0.00 3.67 3.54 10.92 61.22 
February 15.21 20.01 6.71 0.00 3.51 4.94 12.41 60.56 
March 19.80 24.05 10.13 0.00 4.21 5.95 16.27 51.50 

Climatic mean values, 2018/2019 
November 12.45 24.38 14.35 19.12 4.13 6.88 18.73 69.17 
December 10.55 20.35 10.52 31.05 5.13 6.12 14.77 69.83 
January 11.40 18.82 8.70 34.48 5.33 5.95 13.07 67.83 
February 14.03 19.73 8.98 17.60 5.67 6.88 13.98 67.00 
March 17.95 21.55 10.70 9.63 6.12 7.68 15.90 61.00 

SRAD: (MJ/m^2/day, TMAX: Maximum Air Temperature (degrees C), TMIN: Minimum Air Temperature (degrees C), 
RAIN: Average Precipitation (mm/day), WIND: Wind Speed (m/s), TDEW: Dew/Frost Point Temperature (degrees C), 
TMean: Average Air Temperature (degrees C), RH: Average Relative Humidity (%) 

 
Table 2: Physical and chemical properties of the soil of the experimental area. 

Physical properties 
Soil layer depth (cm) 0–15 15-30 30-45 
Texture Sandy Sandy Sandy 
Course sand (%) 48.62 54.77 42.64 
Fine sand (%) 48.80 41.55 53.46 
Silt+ clay (%) 2.58 3.68 3.90 
Bulk density (t m-3) 1.68 1.66 1.65 

Chemical properties 
EC1:5 (dS m-1) 0.46 0.50 0.65 
pH (1:2.5) 8.51 8.50 8.82 
Total CaCO3 (%) 7.11 2.44 4.65 

 
2.3. Experimental design  

Experimental design and treatments were arranged in a split plot design with three replications. 
Irrigation scheduling method [Manual control "MC" and Automatic control "AC"] were used in main 
plots and pulse drip irrigation [Ps6: 6 pulses/day, Ps3: 3 pulses/day and Ps1: 1 pulse/day as a control 
(continuous drip irrigation)] and were used in sub main plots as shown in Figure (1). 
 
2.4. Estimation the seasonal irrigation water for cucumber  

Seasonal irrigation water was estimated according to the meteorological data of the Central 
Laboratory for Agricultural Climate (CLAC), Agricultural Research Center, Dokki, Egypt depending 
on Penman-Monteith equation. Seasonal irrigation water requirement for cucumber Crop were 6000 m3 
ha-1 for season 2017/18 and 6100 m3 ha-1 for season 2018/19. Daily irrigation water was calculated by 
following equation (1) for two seasons 2018 and 2019 under drip irrigation system:  

 
IRg = [(ETO x Kc x Kr) / Ei] - R + LR ………………………………………………………………. (1) 

 
Where: IRg = Gross irrigation requirements, mm/day, ETO= Reference evapotranspiration, 

mm/day, Kc = Crop factor (Allen et al., 2005), Kr = Ground cover reduction factor, Ei = Irrigation 
efficiency, %, R = Water received by plant from sources other than irrigation, mm (for example rainfall), 
LR = Amount of water required for the leaching of salts, mm. Gross irrigation requirements was 
converted from mm/ha/day to m3/ha/day (Savva and Frenken, 2002). 

 
2.5. Evaluation parameters 
2.5.1. Water stress in the effective roots zone of cucumber plant and Soil Moisture Content 

Soil moisture was measured in effective roots zone before and after irrigation and the field 
capacity and wilting point were taken as evaluation lines in consideration as an evaluation parameter 
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for exposure range of the plants to water stress "WS" (Abdelraouf et al., 2020 a). Measurements were 
taken at soil depths at mid-growth stage. Soil moisture was measured by profile probe device.  

 
2.5.2. Water application efficiency:  

Application efficiency of irrigation water (AEIW) is the actual storage of water in the root zone to 
the water applied to the field. AEIW was calculated using equation 2:  
 
AEIW = Ds/ Da………………………………………………………………………….……………. (2) 
 
Where AEIW is the application efficiency of irrigation water, %, Da is the depth of applied water (mm), 
Ds is the depth of stored water in the root zone, mm by equation 3. 
  Ds = (θ1 – θ2) * d …………………………………………………………………………………… (3) 
 
Where:, d is the stored water in the soil layer depth (mm), θ1 is the average of soil moisture content 
after irrigation (g/g) in the root zone, θ2 is the average of soil moisture content before irrigation (g/g) 
in the root zone at peak water requirements 

 

Fig. 1: Layout of the experimental design 
CI: Continuous Irrigation (control); Ps6: 6 pulses/day, Ps3: 3 pulses/day. 
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2.6. Leaves area of cucumber plant 
Leaves area, cm2 after 90 days from transplanting for cucumber plants grown under greenhouse 

conditions. 
The leaf area was determined by the CI-203 Handheld Laser Leaf Area Meter. Measurements 

were made easily by sweeping the scanner over a leaf to yield seven different parameters: area, width, 
length, perimeter, shape factor, aspect ratio, and void count. 

 
2.7. Chlorophyll content of cucumber plant:  

Total Chlorophyll, SPAD after 90 days from transplanting for cucumber plants grown under 
greenhouse conditions. 
 
2.8. Total yield of cucumber: 

 At harvest time of cucumber, total weight of fruits in each treatment were recorded by harvesting 
cucumber as Kg per 1 m2 were calculated, fruits twice weekly and then the total yield as ton/hectare 
was calculated. 
  
2.9. Water productivity of cucumber "WP cucumber" was calculated according to James (1988) by 
equation (4) as follows:  
WP cucumber = Ey/Ir ……………………………………………………………………………………. (4) 
 
Where: WP cucumber is water productivity of cucumber (kg cucumber / m3

irrigation water), Ey is the economical yield 
(kg cucumber/ hectare/season); Ir is the applied amount of irrigation water (m3

irrigation water /hectare/season). 
 
2.10. Statistical analysis  

Combined analysis of data for the two studied growing seasons was carried out according to 
Snedecor and Cochran (1989) and the values of least significant differences (L.S.D. at 5 % level) were 
calculated to compare the means of the different treatments. 
 
3. Results and Discussion 
 
3.1. Soil Moisture content Inside Root Zone of Cucumber Plant 

Figure (2) indicated that, there was a significant effect for pulse irrigation technique on the 
increasing of soil moisture content within the root zone “SMC”. SMC values were increased by 
increasing number of irrigation pulses before irrigation. The highest values of SMC were under 6 pulses 
for irrigation per day and the lowest values were at continuous irrigation “Ps1” with both manual and 
automatic irrigation control. It was clear from above data that, there are differences in the soil moisture 
content in the root zone after applying pulse technique compared with continuous drip irrigation, this 
due to increasing number of irrigation pulses per day cause increasing in water movement in horizontal 
direction than vertical direction and this led to enhancement in soil moisture distribution inside root 
zone. These results are agreement with those obtained by Segal et al., (2000), Helen (2007), Shock et 
al. (2006), Bouma et al. (2003) Eric et al. (2004), and Zin El-Abedin, (2006).  
 
3.2. Water application efficiency 

The water application efficiency (%) was measured under two irrigation scheduling controlling 
methods, manual and automatic irrigation with 6 pulses, 3 pulses and 1 pulse irrigation treatments, for 
the two growing seasons. Figure (3) shows the water application efficiency for manual and automatic 
irrigation under pulse drip irrigation treatments, for two seasons. The water application efficiency under 
automatic irrigation is higher than the manual irrigation for the two growing seasons. The highest water 
application efficiency values were 97 and 96.3% under automatic irrigation and 6 pulses/day treatment 
and the lowest values were 89 and 86% under manual irrigation and 1 pulse/day, for the two growing 
seasons (2017/2018 and 2018/2019), respectively. Also, there was a significant effect under the pulse 
irrigation treatments. However, the highest water application efficiency was under 6 pulses/day 
followed by 3 pulses/day and the lowest value was under 1 pulse/day with manual and automatic 
irrigation for two seasons.  
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Fig. 2: Effect of manual and automatic irrigation with pulse drip irrigation on the increasing of moisture 

content within the root zone (Ps1: continuous irrigation (control), Ps3: 3 pulses/day and Ps6: 6 
pulses/day). 

 

 

 

Fig. 3: Water application efficiency under manual and automatic irrigation with different pulses drip 
irrigation for two seasons. (Ps1: continuous irrigation (control), Ps3: 3 pulses/day and Ps6: 6 
pulses/day). 

 
As shown in Figure (4) the cucumber crop was taken the same water requirements under 

irrigation scheduling methods and all pulses irrigation treatments, (6000 and 6100 m3 ha-1) for the first 
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and the second seasons, respectively. The water application efficiency was higher than under the 
automatic irrigation compared to the manual irrigation. 

The values of water application efficiency under automatic irrigation with 6 pulses, 3 pulses and 
1 pulse /day were (97, 94.3 and 91.3%) and (96.3, 93.7 and 90.7 %) for the two seasons, respectively. 
In general, the applied of pulse irrigation system gave regularity in water distribution, which leads to a 
high water application efficiency (Vázquez et al., 2006, Zotarelli et al., 2009). 
 

 

 
Fig. 4: Water application efficiency and water requirements under manual and automatic irrigation with 

different pulses drip irrigation for two seasons. (Ps1: continuous irrigation (control), Ps3: 3 
pulses/day and Ps6: 6 pulses/day). 

 
3.3. Leaves Area and Total Chlorophyll of Cucumber crop 
3.3.1. Irrigation scheduling controlling methods 

With regard to statistical analysis Table (3) presented the informative data about irrigation 
scheduling controlling methods. Generally to achieve a good plant stand (growth characteristics), 
automatic irrigation was applied. There was a significant difference between applying of automatic 
control for scheduling irrigation and manual control for scheduling irrigation. As Table (3) shown the 
leaves area of automatic irrigation values were higher by (28.74 and 26.17%) compared with manual 
control system for the first and the second seasons, respectively. The automatic control significantly 
surpassed the manual control in total Chlorophyll by (30.7 and 30.1%) for the first and the second 
seasons, respectively. 
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3.3.2. Pulse drip irrigation 
The results in Table (3) mention that pulse irrigation had a significant effect on leaf area and total 

chlorophyll of cucumber crop. For the pulse irrigation treatments, the highest leaf area and total 
chlorophyll values were under 6 pulses/day followed by 3 pulses/day the lowest values were under 1 
pulse/day for the two growing seasons.  

 
3.3.3. Interaction 

Table (3) shows the result of the interaction between irrigation scheduling controlling methods 
and Pulse drip irrigation of the two growing seasons. Significant variations were shown in the leaves 
area and the total chlorophyll. Generally, the highest values of leaves area were 14209.3 and 13104 cm2 
by using automatic irrigation and 6 pulses/day for the two growing seasons, respectively. Also, the 
similar trend was obtained for the total chlorophyll under the automatic irrigation and 6 pulses/day 
treatment. 

Therefore, it can be recommended that, the use of automatic scheduling irrigation and pulse 
irrigation are more beneficial in maximizing the leaves area and the total chlorophyll of the cucumber 
crop under greenhouses condition. 
 
Table 3: Effect of irrigation scheduling controlling methods and pulse irrigation on the leaves area and 

total chlorophyll of cucumber crop. 

SI 
Pulse drip 
irrigation 

Leaves Area (cm2) Total Chlorophyll 
2017-2018 2018-2019 2017-2018 2018-2019 

Effect of irrigation scheduling controlling methods on the leaves area and total chlorophyll content of 
cucumber plant 
Manual 

 
9479.5 8879.7 34.2 31.9 

Automatic 12204.2 11203.7 44.7 41.5 
LSD at 5% 646.04 598.36 1.19 1.11 
Effect of pulse irrigation on leaves area and total chlorophyll of cucumber plant 

 
Ps1 9385.83 8579.1 32.3 31.5 
Ps3 10676.3 10052.3 41.1 36.3 
Ps6 12463.5 11493.8 44.9 42.3 

LSD at 5% 301.33 279.09 1.46 1.36 
Effect of interaction between irrigation scheduling controlling methods and pulse irrigation on leaves 
area and total chlorophyll of cucumber plant 

Manual 
Ps1 8570.0 7903.3 29.2 27.4 
Ps3 9151.0 8852.3 33.9 31.2 
Ps6 10717.6 9883.6 39.4 37.1 

Automatic 
Ps1 10201.6 9255.0 35.4 35.5 
Ps3 12201.6 11252.3 48.4 41.5 
Ps6 14209.3 13104.0 50.4 47.4 

LSD at 5% 426.15 394.7 2.07 1.92 

* Ps1: continuous irrigation/day (control), Ps3: 3 pulses/day and Ps6: 6 pulses/day 
 
3.4. Total Yield of Cucumber  
3.4.1. Irrigation scheduling controlling methods 

Table (4) presented the total cucumber yield under irrigation scheduling controlling methods. 
There was a significant effect of the yield under automatic scheduling irrigation for the two growing 
seasons. 

 
3.4.1. Pulse drip irrigation  

The results in Table (4) mention that pulse irrigation had a significant effect on the yield of 
cucumber crop. For the pulse irrigation treatments, the highest yield values were under 6 pulses/day 
followed by 3 pulses/day the lowest values were under 1 pulse/day for the two growing seasons. 

 
3.4.2. Interaction 

Concerning of total fresh yield/ha data illustrated in Figure (5) and Table (4) showed that the 
effect of irrigation scheduling controlling methods and pulse irrigation on fresh yield/ha of cucumber. 
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Overall the highest values were (453.8 and 152.1 ton ha-1) under automatic control of scheduling 
irrigation with 6 pulses/day, for the two growing seasons, respectively. The automatic control of 
scheduling irrigation gave the superior in fresh cucumber yield (153.8, 143.53 and 126.9 ton ha-1) for 
the first season, and (152.1, 14.7 and 123.4 ton ha-1) for the second season, with pulse irrigation 6 pulses, 
3 pulses and 1 pulse /day treatments, respectively. Followed by manual control of scheduling irrigation 
(135.67, 125.57 and 116.13 ton ha-1) for the first season, and (134.1, 122, 9 and 109.2 ton ha-1) for the 
second season, with pulse irrigation 6 pulses, 3 pulses and 1 pulse /day treatments, respectively. While 
1 pulse /day treatment, came later (116.13 and 126.9 ton ha-1), (109.2 and 123.4 ton ha-1) under manual 
and automatic controlling methods for the two seasons, respectively. This might concluded that, 
irrigated by 6 pulses/day under automatic control induced the same effect on yield of cucumber crop. 
There is a high yield by applying pulse drip irrigation with more frequent irrigation (Dukes et al., 2003, 
Segal et al., 2006). 

 

 

 

Fig. 5: Cucumber yield under manual and automatic irrigation, different pulse drip irrigation for two 
seasons. (Ps1: continuous irrigation (control), Ps3: 3 pulses/day and Ps6: 6 pulses/day). 

 
3.5. Water productivity of cucumber  
3.5.1. Irrigation scheduling controlling methods 

Table (4) presented there are same trend between yield and water productivity of cucumber crop 
under irrigation scheduling controlling methods.  

 
3.5.2. Pulse drip irrigation 

Table (4) mention that there is clearly a similarity between the results of yield and water 
productivity under Pulse drip irrigation treatments. The highest water productivity values were under 6 
pulses/day followed by 3 pulses/day the lowest values were under 1 pulse/day for the two growing 
seasons. 

 
3.5.3. Interaction 

The same trend is found between yield and water productivity of cucumber crop. Figure (6) and 
Table (4) presented the effect of irrigation scheduling controlling methods and pulse irrigation on water 
productivity of cucumber. Generally the highest values were (25.67 and 24.9 kg m-3) under automatic 
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control of scheduling irrigation with 6 pulses/day, for the two growing seasons, respectively. The 
automatic control scheduling irrigation gave the superior in water productivity (25.67, 25.63 and 21.17 
kg m-3) for the first season, and (24.9, 23.07 and 20.2 kg m-3) for the second season, with pulse irrigation 
6 pulses, 3 pulses and 1 pulse /day treatments, respectively.  
 

 

 
 Fig. 6: Water productivity of cucumber under manual and automatic irrigation, different pulse drip 

irrigation for two seasons. (Ps1: continuous irrigation (control), Ps3: 3 pulses/day and Ps6: 6 
pulses/day). 

 
Table 4: Effect of irrigation scheduling controlling methods and pulse irrigation on the yield and water 

productivity of cucumber crop. 

SI Pulse drip irrigation 
Yield  (ton ha-1) Water productivity (kg m-3) 

2017-2018 2018-2019 2017-2018 2018-2019 
Effect of irrigation scheduling controlling methods on the leaves area and total chlorophyll content of 
cucumber plant 
Manual 

 
125.79 122.07 21.49 20.01 

Automatic 141.41 138.72 24.16 22.73 
LSD at 5% 2.34 2.28 0.43 0.4 
Effect of pulse irrigation on leaves area and total chlorophyll of cucumber plant 

 
Ps1 121.52 116.27 20.27 19.07 
Ps3 134.55 131.80 24.05 21.60 
Ps6 144.73 143.12 24.15 23.45 

LSD at 5% 2.87 2.8 0.53 0.5 
Effect of interaction between irrigation scheduling controlling methods and pulse irrigation on leaves 
area and total chlorophyll of cucumber plant 

Manual 
Ps1 116.13 109.2 19.37 17.9 
Ps3 125.57 122.9 22.47 20.1 
Ps6 135.67 134.1 22.63 22 

Automatic 
Ps1 126.90 123.4 21.17 20.2 
Ps3 143.53 140.7 25.63 23.07 
Ps6 153.80 152.1 25.67 24.9 

LSD at 5% 4.06 3.96 0.75 0.7 
* Ps1: continuous irrigation (control), Ps3: 3 pulses/day and Ps6: 6 pulses/day 
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While the manual control of scheduling irrigation gave the lower results of water productivity 
(22.63, 22.47 and 19.37 kg m-3) for the first season, and (22, 20.1 and 17.9 kg m-3) for the second season, 
with pulse irrigation 6 pulses, 3 pulses and 1 pulse /day treatments, respectively. This might concluded 
that, irrigated by 6 pulses/day under automatic control induced the same effect on water productivity of 
cucumber crop. The Data of yield and water productivity noticed that the effect induced by water 
uniformity and good horizontal distribution of water under automatic control of scheduling irrigation 
and 6 pulses/day, were more than those caused under manual control of scheduling irrigation, 3 pulses 
and 1 pulse /day.  

The previous results indicate that the automatic control system led to uniformity in irrigation of 
the cucumber crop, increased water production (WP), and gave better irrigation scheduling which was 
found consistent with those obtained from (Dukes et al., 2007, Venkatapur and Nikitha, 2017, Segal et 
al., 2006). This data is in agreement with the last research papers (Ertek et al., 2006). 
Finally, the best irrigation scheduling method is especially important on sandy soils, because sandy 
soils require a balance in water application efficiency and low deep percolation to provide water without 
decreasing the yield (Lozano et al., 2020 and Smarsly, 2013). 
 
4. Conclusion 

The previous results noticed that, the use of automatic pulse drip irrigation has improved soil 
moisture content within the root zone, application efficiency, yield and water productivity of cucumber 
under greenhouses conditions. Overall the higher values of soil moisture content, water application 
efficiency, yield and water productivity were obtained under the automatic control compared to manual 
control of scheduling irrigation under all pulse irrigation treatments (6 pulses/day, 3 pulses and 1 pulse 
/day). In general, there was a significant effect of all measured field results under the automatic control 
of scheduling irrigation and 6 pulses/day. This effect caused by water uniformity and good horizontal 
distribution of water under automatic control of scheduling irrigation and 6 pulses/day, were more than 
those caused under manual control of scheduling irrigation, 3 pulses and 1 pulse /day. Therefore, it can 
be recommended that, the use of automatic scheduling irrigation and pulse irrigation are more beneficial 
in maximizing the water application efficiency and yield and water productivity of the cucumber crop 
under greenhouses condition. 
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