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Introduction                                                                                              

Water is one of the most precious natural 
resources in the world, especially in arid and 
semi-arid regions and in parts of the world that 
have inadequate water resources. Innovative 
irrigation solutions must address the water 
scarcity problems affecting arid and semi-arid 
regions. Therefore, irrigation water management 
is becoming the primary limiting factor for 
production of a crop (Rafie and El-Boraie, 2017). 
Because of the water limitation facing Egypt, 
rationalization of irrigation water became a 

unique and necessary way to save used water of 
Egypt. Therefore, researchers must work for the 
effective rationalization of irrigation at the farm 
level (El-Henawy and Soltan, 2013).

The process of irrigation scheduling requires 
answering two questions. The first one is when 
to irrigate? The second is how much water is 
needed for irrigation? (James, 1993). scheduling 
methods of irrigation are categorized as climate, 
soil, water, plant, or combinations (Martin et al., 
1990). Irrigation scheduling has been described as 
the primary tool to enhance water use efficiency 
(WUE), increase the water resources availability, 
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provoke a positive effect on the quality of soil, 
and increases yields of the crop  (El-Nady & 
Shalaby, 2014 and Peacock, 1996). Scheduling 
the needed irrigation water for all crops will 
help in minimizing the loss of water during the 
growing season and is a clef to beat this problem 
through the enhancement of water use efficiency. 
Agriculture has been known to require a large 
quantity amount of irrigation water, and this 
quantity will increase in the future as a result of 
the large increase of population (Ali, 2017 and 
Ebrahim & Ali, 2018)

In Egypt, the estimation of actual water 
consumption (ETa) has an effective role in 
planning and management of water resources. 
The crop water requirements change via the 
growth season of crop due to the diversity of 
crops sunshade, as well as the climatic changes 
that controls the water consumption of the crop 
(Benli et al., 2006 and Salama et al., 2015).

Any chosen irrigation water application 
methods should aim at maximizing the yield of 
a crop. Consequently, enhancing irrigation water 
productivity for crops in the agriculture sector, 
as the major water user, is the critical factor in 
resolving problems of water shortage (El-Nady 
and Hadad, 2016). Weather-dependent methods 
are used in irrigation to estimate crop water 
requirements during the crop growth season 
on a large scale (White and Raine, 2008). The 
reference evapotranspiration and crop coefficient 
in these methods are used to calculate the crop 
consumptive use. Irrigation methods that depend 
on the soil water properties always measure the 
soil water potential or soil moisture content. 
Therefore, measuring the soil moisture content 
has an essential and effective role in calculating 
the amount of water required to reach the soil to 
the field capacity in the root zone (Phene et al., 
1990). The amount of irrigation water needed to 
be stored in the root zone, called the net depth of 
irrigation water, is exactly the amount of irrigation 
water needed to reach the soil moisture content to 
field capacity and can be calculated by measuring 
the water content of soil, directly or indirectly 
(Salama et al., 2015).

Summer squash is considered one of the 
most marketable vegetable crops and one of 
the major vegetables in many countries of the 
Mediterranean region (Mohammad, 2004). The 
roots depth of squash is shallow and sensitive to 
soil moisture content. Too much or shortage of 
soil water content may damage roots and fruits; 
thus, good drainage of soils is appropriate for 
squash. Summer squash grown in northern Egypt 
is affected significantly by water stress (Amer, 
2011 and El-Dewiny, 2011).

The main objective of the present study was 
to compare two methods of irrigation water 
application for the yield of squash grown in 
loamy sandy soil under drip irrigation system to 
determine the most accurate calculation of the 
amount of water application for squash. The first 
method was to calculate the evapotranspiration 
depending on climatic parameters, and the second 
method depended on the soil water properties. 
Also, study the effect of both two methods on 
yield and water use efficiency.

Materials and Methods                                                          

Soil description
The experiment was conducted in the 

experimental field, Faculty of Agriculture, Al-
Azhar University, Nasr City, Cairo, Egypt (30º 
03ʹ 17.7ʹʹ N and 31º 19ʹ 14.1ʹʹ E). The experiment 
was designed in a completely randomized in 
three replicates and was adapted to conditions of 
the trickle irrigation system. Soil samples were 
collected before planting from a depth of 0 - 60 
cm to perform the necessary analyses to know the 
physical and chemical properties of the soil. These 
analyzes were performed according to methods of 
Klute & Page (1986) and Page et al. (1982).The 
soil physicochemical properties are presented in 
Table 1.

Irrigation treatments
Treatments of the experiment were two 

methods to compute the amount of water required 
as below:

(i) The first method (A) using the rate of 
crop evapotranspiration (ET

c
) whose calculation 

depends on reference evapotranspiration (ET
o
) 

and crop coefficient (K
c
) which varies according 

to the different stages of crop growth. The (ET
c
) 

is estimated by Eq. (1); (Savva & Frenken, 2002) 
as follows:

ET
c
=ET

o
×K

c 
  …........ (1)

where:

ET
c
 = crop evapotranspiration in mm day-1,

ET
o
 = reference crop evapotranspiration in mm 

day-1, and

K
c
 = crop coefficient.

The term ET
o
 was computed using the 

Penman-Monteith equation (Savva & Frenken, 
2002) as follows in Eq. (2):

∆  −  γ  −  
∆ γ   …  
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where:

∆ = slope of saturation vapor pressure curve at 
temperature T in kPa℃-1,

R
n
 = net radiation of the crop surface in MJm-2 

day-1,

G = density of soil heat flux in MJm-2 day-1,

γ = constant of psychrometric in kPa℃-1,

T =mean daily air temperature at 2 m height in ℃,

u
2
 = wind speed at 2 m height in ms-1,

e
s
 = saturation vapor pressure in kPa,

e
a
 = actual vapor pressure in kPa, and

e
s
- e

a
 = deficit of saturation vapor pressure in kPa.

To calculate ET
o
 by Penman-Monteith equation, 

the weather parameters at the experimental 
location were recorded during the growing season 
by meteorological weather station as shown in 
Table 2. These data were obtained from the Center 
Laboratory for Agricultural Climate (CLAC) 
which belongs to the Agriculture Research Center, 
Ministry of Agriculture during the various growth 
periods of summer squash plants.The cumulative 
ET

o
 for April, May, June, and July was 3.92, 4.25, 

6.11 and 7.32 mm, respectively.

TABLE 2. The mean climatic data at the experimental location during the season of 2019

Months

Average
temperature Relative 

humidity
RH
(%)

Wind 
speed

u
2

(km h-1)

Rainfall
P

(mm)

Sunshine
n

(h)

Reference
evapotranspiration

ET
o

(mm day-1)
T

max
(℃)

T
min

(℃)

April 27.3 13.9 42.2 12.3 0.0 10.64 3.92

May 32.6 20.1 44.3 11.4 0.0 11.76 4.25

June 33.4 22.5 48.1 11.9 0.0 11.84 6.11

July 35.8 24.1 49.9 9.6 0.0 12.24 7.32

TABLE 1. Physicochemical properties of experimental initial soil

aOM:Organic matter content, b FC: Field capacity; c PWP: Permanent wilting point, d AW: Available water, eLS: Loamy 
Sand, f1:2.5 w/v soil water suspension and gSoil paste extract. 

(a) Physical properties of soil under study 

Soil 
sample 

depth (cm) 

Particle size distribution (%) 

Texture 
Class 

OMa 

(g kg-1) 
Bulk density  

(Mg m-3) 

Total 
porosity 

(%) 

Moisture content 
(%) at: 

Coarse 
sand 

Fine 
sand 

Silt Clay FCb PWPc AWd 

0-20 10.12 73.80 7.91 8.17 LSe 5.4 1.67 36.98 13.45 4.27 9.18 

20-40 10.23 74.08 7.76 7.93 LS 5.3 1.68 36.60 13.48 4.51 8.97 

40-60 10.56 74.74 6.89 7.81 LS 5.2 1.69 36.23 12.87 4.85 8.02 

(b) Chemicalproperties of soil under study 
Soil 

sample 
depth (cm) 

pH 
(1:2.5)f 

EC 
(dSm-1)g 

Cations (mmolc l-1) Anions (mmolc l-1) 

Ca++ Mg++ Na+ K+ CO3
- - HCO3

- Cl- SO4
- - 

0-20 8.01 1.69 4.29 2.16 9.74 0.68 0.00 2.47 6.00 8.40 

20-40 8.03 1.78 4.47 2.62 10.19 0.47 0.00 2.40 6.61 8.74 

40-60 8.10 1.81 3.92 2.39 11.21 0.53 0.00 2.48 7.28 8.29 
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(ii) The second method (B) includes measuring 
the quantity of irrigation water drained (water 
depletion) from the field capacity of soil in roots 
zone. The water content of soil before the next 
irrigation in the root zone should be measured to 
estimate the amount of irrigation water needed. 
The amount of irrigation water applied was 
calculated by Eq. (3) as follows:

IWQ =(θ
FC

-θ
BI

 )×D
rz
×A×E

i 
  … (3)

where:

IWQ = the irrigation water quantity in m3,

θ
FC

 = the volumetric moisture content of soil at 
field capacity in %,

θ
BI

 = the volumetric moisture content of soil 
immediately before the next irrigation in %,

D
rz 

= the effective depth of roots in m,

A = area of the experimental plot in m2, and

Ei = the irrigation efficiency in %. It was equal to 
93% in this study according to Keller & Karmeli 
(1974) and (1975).

The depth of irrigation water application 
varied according to the growth stage of squash 
crop and this depth was also estimated at each 
stage. The actual evapotranspiration in the site 
of experiment was estimated in the root zone by 
calculation the soil moisture depletion. According 
to Young and Sisson  (2002) tensiometer was used 
for measuring soil water content every 20 cm from 
20 cm soil surface up to depth of 60 cm. Also, the 
soil moisture content in the soil surface layer from 
0 to 20 cm was estimated using the gravimetric 
sampling method (direct method of measuring 
the moisture content of soil samples taken from a 
field) according to Waller and Yitayew (2015). All 
measures of soil moisture content were determined 
before the next irrigation directly and after one 
hour of irrigation. The amount of irrigation 
water lost by deep percolation was estimated as a 
difference between the actual evapotranspiration 
and (applied water-leaching requirements).

Squash crop and trickle irrigation network
Squash (Cucurbita pepo, L. var. Hybrid 

Revera) plants were grown in an experimental 
field from 16th April to 14th July 2019. The mineral 
fertilizer was added to the soil of experimental area 
according to the instruction and recommendations 

of Ministry of Agricultureand Land Reclamation. 
Where, phosphorus fertilizer as calcium 
superphosphate (15.5% P

2
O

5
) and ammonium 

nitrate (33.5% N) were added at a rate of 60 and 
150 kg ha-1 respectively, and potassium sulfate 
(48% K

2
O) was added at a rate of 70 kg K

2
O ha-1.

The general lengths of the four distinct growth 
stages for squash crop in Mediterranean and 
arid region are presented in Table 3 (Allen et al., 
1998). The representative values of squash crop 
coefficient are shown in Table 3 (Allen et al., 
1998). 

The experimental plot area was plowed, 
disked, and leveled. It was 10.5 m2 (length of 
3.5 m and 3 m of width). The trickle irrigation 
network was designed and installated in the 
experimental field. The distance between lateral 
lines was 1 m (one lateral for planting row). The 
distance between emitters on the lateral line was 
0.5 m and equal to distance between plants in the 
row. Discharge rate of the dripper was 4 Lh-1. The 
irrigation intervals were three days.

Water use efficiency (WUE) and irrigation water 
use efficiency (IWUE)

Eq. (5) was used to calculate the WUE, and 
the IWUE was computed according to Payero et 
al. (2008) using Eq. (6) as follows:

WUE=Y⁄ET
c
    … (5)

IWUE=Y⁄IA      … (6)

where:

WUE =water use efficiency in kg m-3,

Y = marketable yield in kg ha-1,

ET
c
 = seasonal crop evapotranspiration in m3 ha-1,

IWUE = irrigation water use efficiency in kg m-3, 
and

IA = seasonal applied irrigation water in m3 ha-1.

Statistical analysis
The statistical analysis concerned mainly as a 

comparison between data of the control and that 
of the corresponding population using Student’s 
t-Tests (Pearson, 1939). An analysis of variance 
was performed to determine the effect of method 
A, method and orthogonal contrast comparisons 
were carried out using the statistical methods by 
Cochran and Cox (1957).
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Results and Discussion                                                     

Estimation of reference evapotranspiration (ETo) 
and crop evapotranspiration (ETc)

Table 4 shows the reference evapotranspiration 
(ET

o
) and the crop evapotranspiration (ET

c
)in 

the different growth stages of squash under two 
treatments of irrigation water application. The 
irrigation water amount used during the initial 
stage of squash was 40.03 mm, as plants grown 
until the ground shading area reached to10%. 
While the crop evapotranspiration reached the 
maximum in the development stage, it was 98.50 
mm where the ground cover reached to 70%. 
During the mid-stage where full cover area, the 
maximum water uses was 145.11 mm. While in the 
late stage, the amount of water applied was 81.44 
mm.Such results were confirmed by the findings 
of Doorenbos and Pruitt (1977), reported that the 
water consumption increases with the progress 
in plant growth and reaches a peak through some 
part of the plant growth stage, depending on the 
plant kind, growth characteristics of plant and the 
ambient environmental conditions, and afterward 
tapers off till harvest stage.

Estimation of irrigation water applied 
Figure 1 illustrates the irrigation water applied 

using the two methods of A and B. The applied 
amount of seasonal irrigation water for squash 
plants using the two methods A and B was 405.24 
and 317.67 mm season-1, respectively as in Fig. 
1. From the values of seasonal added irrigation 
water, B method was found to be 21.61% more 
efficient than A method in water-saving. 

In sandy soil, irrigated crops require great 
attention to irrigation timing because delaying 
the irrigation until the plant stress becomes 

clear leads to the economic loss of productivity. 
It also requires a careful amount of irrigation 
water applied, because applying much amount 
of irrigation water reduces the efficiency of 
water use and increases the possibility of salts 
sedimentation below the root zone and into the 
groundwater, as well as increased the costs of 
pumping (Alhammadi & Al-Shrouf, 2013 and 
Sánchez et al., 2012).

The seasonal irrigation water applied of squash 
plants under two methods of irrigation water 
application by drip irrigation system were 345.18 
and 290.09 mm season-1 for A and B, respectively.

These values represent relatively 14.82 
and 8.68% of the amount of water added for 
treatments A and B, respectively. Whereas the 
water application efficiency decreases with deep 
percolation. Therefore, it is necessary to choose the 
appropriate irrigation method to improve the water 
use efficiency. So, method Bwas the best for savings 
irrigation water from lost via deep percolation.
Miyazaki (2005) found that water is retained in the 
rooting zone by interaction between soil particles 
and irrigation water. Thus, this interaction reduces 
the potential energy of water in soil.

These results could be supported by those 
obtained by Scott (2000), it has been found that the 
relation between the force of attraction of water 
by soil particles surfaces and moisture content in 
the soil is an inverse relationship which means that 
the first layers of water is held with great forces of 
attraction, the magnitude of the forces of attraction 
for water reduce as the distance from the partial 
surface increase. So, the adding a greater irrigation 
water amount for method A gives the opportunity 
to irrigation water to evaporate from the soil 
particles surface compared to the method B.

TABLE 3. Lengths of development stages of squash and single crop coefficients

Growth stages Initial Development Mid-season
Late 

season
Total days

Lengths of crop development stages 
in (days)

20 30 25 15 90

Single crop coefficients (K
c
)

K
c ini

K
c mid

K
c end

0.5 0.95 0.75

TABLE 4. Estimating the ETo and ETc for different growth stages of the summer squash crop

Evapotranspiration
Growth stages of squash

Total
Initial Development Mid-season Late season

ET
o
 (mm) 80.05 134.94 152.75 108.59 476.33

ET
c
 (mm) 40.03 98.50 145.11 81.44 365.08
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Previous results agreed with Savva and Frenken 
(2002); Ali (2010); Todorović (2019). They 
mentioned that evapotranspiration increases with 
the development of growing crop and arrives the 
maximum over a portion of the plant age mainly 
due to several factors such as surrounding climatic 
conditions, crop type, soil type, and variations in 
crop cover, and then gradually decreases in the end 
of late season stage (harvest time).

Marketable yields (Y)
The marketable yield of squash crop obtained 

as affected by two application methods of irrigation 
water was shown in Fig. 2. It was 15492.69 and 
15970.10 kg ha-1 for A and B, respectively. Thus, 
the squash fruit yield obtained from treatment B 
was higher than that obtained from treatment A. 
This means that, to obtain high productivity; it is 
not necessary to add a much quantity of irrigation 
water. It is worth noting that, the decrease in 
productivity of the treatment A may be due to a 
loss in the added fertilizers to plants during growth 
period by leaching (Salama et al., 2015). Dong 
et al. (2007) and Gao et al. (2015) reported that 
excessive irrigation might not produce greater 
yield or optimal economic benefit. therefore, 
suitable irrigation schedules must be established.

These results agreed with Cabello et al. 
(2009) and Salama et al. (2015), who decided that 
applying water of irrigation more than wanted 
by consumptive use of crop (ET

c
) would cause 

a lower yield due to waterlogging or nutrients 
leaking below the root zone. 

Water use efficiency (WUE) and Irrigation water 
use efficiency (IWUE)

WUE is one of the factors necessary to 
define the best practices for irrigation water 
management. Fig. 3 and 4 illustrates the obtained 
results for WUE and IWUE. Water use efficiency 
was 4.33 and 5.31 kg m-3 for A and B, respectively. 
The irrigation water use efficiency was 3.69 and 
4.85 kg m-3 for A and B, respectively as shown 
in Fig. 4. It was obvious that, the lower values 
of WUE and IWUE were found with treatment A 
and the higher values were in treatment A. These 
results mean that applying too much of irrigation 
water amount led to a decrease in yield, water use 
efficiency, and irrigation water use efficiency. 
So, suitable scheduling of the irrigation must 
be established. The same results were found by 
Salama et al. (2015). 

Fig. 1. The amount of irrigation water applied (mm stage-1) in the different growth stages of summer squash crop 
when using two methods (A and B) of irrigation water application. Data are mean value ± SD. Bars with 
same letters in each growth stage are not significant at p ≤ 0.05 level.
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Fig. 2. Marketable yield (kg ha-1) for treatments A and B. Data are mean value ± SD. Bars with same letters are not 
significant at p ≤ 0.05 level

Fig. 3. Water use efficiency (kg m-3) for treatments A and B. Data are mean value ± SD. Bars with same letters are 
not significant at p ≤ 0.05 level
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Conclusion                                                                         

Generally, good irrigation application method 
requires consideration of all conditions that 
affect irrigation times throughout the growing 
season. Taking the right and appropriate timing 
for irrigation leads to obtaining the highest yield, 
thus the highest profit and rationalizes the using 
of irrigation water. Therefore, irrigationwater 
application method is one of the main factors 
of good water management methods to 
prevent excessive addition of irrigation water, 
subsequently wastage of water. In this work, an 
experiment was carried to compare between two 
irrigation application methods with drip irrigation 
system in loamy sand soil. The first one depends 
on climatic data (Penman-Monteith method) and 
the second depends on depletion from the field 
capacity of soil (soil-based method). It can be 
concluded that the irrigation method B which 
depends on the soil water properties, had a clear 
positive effect on growth throughout the season 
and marketable yield and WUE of summer 
squash (Cucurbita pepo, L. var. Hybrid Revera). 
Furthermore, it could be used and is more efficient 
in irrigation water-saving (21.61%) compared 
to method A. The highest value of lost irrigation 
water by deep percolation was 60.06 mm with 

Fig. 4. Irrigation water use efficiency (kg m-3) for treatments A and B. Data are mean value ± SD. Bars with same 
letters are not significant at p ≤ 0.05 level

the water application method A and this caused 
a decrease in WUE. Therefore, it is necessary to 
choose the adequate method of water application 
to ameliorate irrigation efficiency.Therefore, it 
is recommended to irrigate zucchini squash by 
method B because this method is more accurate in 
calculating the amount of irrigation water added.
Also, it not only gives high production and high-
water use efficiency, but also reduces the deep 
percolation of irrigation water and thus saves the 
irrigation water amount compared to method A.
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PRODUCTIVITY AND WATER USE EFFICIENCY OF SUMMER SQUASH CROP...

نصر،القاهرة،  مدينة  األزهر،  ،جامعة  الزراعة  كلية  مبزرعة  2019م  صيف  موسم  فى  حقلية  جتربة  أجريت 
ريفيرا  صنف  الكوسة  لنباتات  املائية  لإلحتياجات  الدقيق  للتقدير  تستخدمان  طريقتني  بني  ،للمقارنة  مصر 
(Cucurbita pepo, L. var. Hybrid Revera) حتت نظام الرى بالتنقيط. الطريقة األولى: تعتمد على 
بإستخدام 

 
ET

o
بيانات املناخ والتى مت جتميعها ملنطقة الدراسة وفى هذه الطريقة مت حساب البخرنتح املرجعى 

معادلة بنمان - مونتيث، والطريقة الثانية: تعتمد على خواص التربة املائية وهى طريقةاإلستنفاذ الرطوبى. 

مت تقدير اإلحتياجات املائية حملصول الكوسة، اإلنتاجية، كفاءة إستخدام املياه وكمية املياه املفقودة بواسطة 
التسرب العميق. وقد أظهرت النتائج أن طريقة الرى املعتمدة على خصائص التربة (الطريقة الثانية) كان لها 
عالوة على ذلك،مت  املناخ.  بيانات  على  تعتمد  التى  األولى  بالطريقة  اإلنتاجية مقارنة  واضح على  إيجابى  تأثير 
من ناحية أخرى،مت  الثانية.  املياه 5.31كجم/م3 بإستخدام الطريقة  احلصول على أعلى قيمة لكفاءة إستخدام 
مت  بينما  الثانية  الطريقة  بإستخدام  كجم/هكتار)   15970.10) الكوسة  لنباتات  إنتاجية  أعلى  على  احلصول 
احلصول على أعلى قيمة للمياه املفقودة بواسطةالرشح(14.82٪) بإستخدام الطريقة األولى. وعموما ،كانت 
طريقة الرى التى تعتمد على التربة أكثر دقة في حساب كمية مياه الري املضافة وكان لها آثار إيجابية واضحة 
على النمو و اإلنتاجية وكفاءة إستخدام املياه حملصول الكوسة مقارنة بطريقة الرى املعتمدة على بيانات املناخ.

اإلنتاجية وكفاءة إستخدام المياه لمحصول الكوسة الصيفى تحت طريقتين إلضافة مياه الرى
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