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Abstract

The present experiment was conducted at a private farm located in Lake Nasser, southwest of
Aswan Governorate, Egypt during the 2022 and 2023 seasons to study the effect of NPK
fertigation management under two drip irrigation systems on vegetative characteristics, yield
and water use efficiency of Eskandarany squash cultivar. A randomized complete block
design (RCBD) using a split-plot arrangement with three replicates was used in this
experiment. The two drip irrigation systems (surface drip and subsurface) were arranged in
the main plot, while the four doses of fertigation treatments (3, 6, 9 and 12 doses) were in the
subplots. The obtained results showed that the application of a subsurface drip irrigation
system showed the highest growth parameters such as plant stem length, plant fresh weight,
plant dry weight, fruit weight, No. of fruits per experimental plot, fruit weight per
experimental plot, fruit yield per fed. and water use efficiency in the two seasons. Among the
four different fertigation treatments, the use of the highest doses (9 and 12) showed
superiority in growth characteristics, yield and yield components as well as water use
efficiency in both seasons. The results also indicated that the maximum values of growth
characteristics, yield and water use efficiency were observed when applying the subsurface
irrigation system with the highest NPK fertigation dose (12) for the Eskanarany squash
cultivar in the two studied seasons. Therefore, the study recommends applying the subsurface
drip irrigation system with the highest NPK fertilization doses (9 and 12 doses) because it
gives the highest vegetative growth, the highest yield, and the most water use efficiency in
Eskanarany squash cultivar in the two studied seasons .

Keywords: Fertigation Treatments, Fertigation Doses, Eskandarany Squash Cultivar, Surface
Drip Irrigation, Subsurface Drip Irrigation.

Introduction

Among the problems currently emerging on the scene is the problem of water shortage in
Egypt. This problem is increasing with the increase in population and expansion of new land
reclamation, which requires searching for ways to save irrigation quantities, increase irrigation
water use efficiency, and also increase crop productivity. Irrigation plays a vital role to
improve the crop yield or crop productivity (Nut et al., 2017). The proper irrigation frequency
is necessary for improving the water use efficiency and the crop productivity by applying the
required amount of water when needed. Then, there is a need to formulate an irrigation
schedule that balances water, nutrient provision and yield improvement. Drip irrigation has
been promoted to ensure optimal use of water and nutrients to improve irrigation efficiency
(Awe et al., 2016).

Subsurface irrigation is a technique for water-saving irrigation that delivers water directly
to the root zone of a crop in the soil through a network of percolation pipes or pipe pores
buried below the ground, using soil capillary actions to provide water for crop growth (Jin et
al., 2022). In a comparison study between surface and subsurface irrigation, Guo et al. (2023)
showed that the greatest yield improved when fertilizer was used in a one-time application,
and the water productivity and irrigation water productivity increased significantly when the
number of fertilizer applications was <3. The results of Kanda et al. (2019) revealed that
subsurface irrigation can effectively decrease soil evaporation and the surrounding weed
growth, reduce deep seepage (Yao et al., 2021), increase root activity (Guo et al., 2016),
improve deep root penetration (Guo et al., 2018), and thus induce water productivity. Borivoj
et al. (2018) studied the effects of surface and subsurface drip irrigation on the growth, yield
and water productivity of onions proving that the value of the irrigation water use efficiency
ranged from 3.55 to 4.97 kg/m?. The highest yield of onions was produced with using a drip
lateral placement depth of 0.1 m.



The results obtained by Madane (1999) indicated that the application of NPK on
cucumber as fertigation produced optimum growth, yield and utilization of fertilizers as well
as maximum plant length, fruit weight, diameter, number of branches/plant and vyield.
Likewise, fertigation resulted in a saving of 30% N while P and K of 20% and saving 51% of
water use (Tumbare and Bhoite, 2002) and is more effective than the traditional method
(soil application) for improving the crop yields (Al-Wabel et al., 2006). Using fertilizers
through drip irrigation is observed to be more effective than the traditional method. Better
uptake of fertilizers was observed with frequent application in appropriate doses at proper
growth stages (Janpriya et al., 2010; Patil and Gadge, 2016).

Squash (Cucurbita pepo L.) is considered one of the most important cucurbit crops and is a
vegetable crop cultivated either for local consumption or for foreign exporting markets.
Squash has a very rich nutritional profile that consists of various minerals, nutrients, vitamins,
and organic compounds, which are responsible for providing health benefits (Mohsen et al.,
2013).

Thus, the current investigation was conducted to study the yield and water use efficiency
responses of Eskandarany squash cultivar grown under Aswan conditions by using surface
and subsurface drip irrigation with different NPK fertigation doses.

Materials and Methods

The location of Experiments:

This field experiment was conducted at a private farm located in Nasser Lake, southwest
Aswan Governorate, Egypt (latitude of 23.1672°N a longitude of 32.7883°E and 185 m above
the sea level) during the two seasons of 2022 and 2023 to study the effect of NPK fertigation
management under two drip irrigation systems on vegetative characteristics, yield and water
use efficiency of Eskandarany.

Experimental design and treatments:

A randomized complete block design (RCBD) using a split-plot arrangement with three
replications was used in this experiment. The two irrigation systems i.e. surface and
subsurface drip were arranged in the main plot, while the four fertigation treatments namely 3,
6, 9 and 12 doses were in sub-plots. Soil samples were air-dried, ground and sieved through a
2 mm sieve and characterized for the physical and chemical soil properties according to
procedure Klute (1986) as shown in Table 1. The seedlings of the squash cv. Eskandarany
were thinned to secure one seedling/hill. The drip irrigation system is set up of a 16 mm in
diameter GR polyethylene pipe with auto emitters every 30 cm apart and 70 cm among the
drip lines with a flow rate of 4-liter/hour/dripper at a pressure of 1.5 bars. The experimental
plot area was 7 m? (10 x 0.7 m), and there was a separation of 1.20 m between each treatment
and plot to reduce water movement among different treatments.

The amounts of NPK fertilizers:

Nitrogen, phosphorus and potassium fertilizers were applied according to the
recommended doses. Nitrogen fertilization was added at a rate of 122 kg N fed as 365kg
ammonium nitrate (33.5% N), phosphate rate of 31 kg P,Os fed! as phosphoric acid and
potassium at a rate of 24 kg K0 fed? as potassium sulfate 50 Kg (48% K:O) were applied
through fertigation.

The amounts of fertilizers were divided into 3, 6, 9 and 12 equal doses. The fertigation
treatments were started after 14 days from sowing seeds. These doses were given at 28, 14, 9
and 7-day intervals for the 3, 6, 9 and 12 doses, respectively.

The amounts of NPK fertilizers applied per dose are shown in Table 2. All cultural practices
were followed as recommended for the growing of squash plants. None of the injected
fertilizer exceeded 1000 mg I of irrigation water and the acid did not exceed 300 mg I
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Table 1. The physical and chemical properties of the soil under study.
Particle size distribution Soil Bulk Sp Total
(%) texture density (%) PH | EC | CEC CaCOs
Sand Silt Clay (g/cm?®) (%)
93.44 3.16 3.40 | Sandy |1.73 18.65 |8.02 | 0.85 | 13.05 | 1.60
Table 2. NPK fertilizers amounts used per dose in the study.
Fertigation Days Potassium Sulphate | Phosphoric Acid _Ammonium
Doses Intervals (kg fed™?) (kg fed™?) Nitrate (kg fed™)
Total Dose Total Dose | Total Dose
3D 28 50 16.7 43 14.03 | 365 121.6
6D 14 50 8.3 43 7.2 365 60.8
9D 9 50 5.5 43 4.7 365 40.5
12D 7 50 4.2 43 3.6 365 30.4

The irrigation treatments started directly after sowing. This study has eight treatments
(with three replicates) as follows:

. SD+3D: surface drip with three doses of fertigation.

. SD+6D: surface drip with six doses of fertigation.

. SD+9D: surface drip with nine doses of fertilization.

. SD+12D: surface drip with twelve doses of fertilization.

. SSD+3D: subsurface drip with three doses of fertigation.

. SSD+6D: subsurface drip with six doses of fertigation.

. SSD+9D: subsurface drip with nine doses of fertilization.

. SSD+12D: subsurface drip at with twelve doses of fertigation.

Sowing and agronomic practices:

Two squash seeds were sown on 1 March of the two seasons of 2022 and 2023, then were
thinned 15 days after sowing to secure one seedling in each hole on one side of the dripper.
The drip irrigation system is set up of GR polyethylene pipe of 16 mm in diameter with auto
emitters every 30 cm apart and 70 cm among the drip lines with a flow rate of 4-liter/ hour/
dripper at a pressure of 1.5 bars. The experimental plot area was 7 m? (10 x 0.7 m). There
was a space of 1.20 m between each treatment and plot, to reduce water movement between
different treatments.

The irrigation treatments started directly after sowing. After 50 days from sowing seeds, the
plant growth characteristics, i.e., plant stem length (cm), plant fresh weight (g) and plant dry
weight (g) were recorded. Squash fruits were collected at a marketable stage twice to three
times a week. Fruit weight (g), No. of fruits per plot, fruits weight per plot (kg) were
measured. The total fruits yield per fed. (ton) was calculated from the total yield of every
experimental plot with in average of 12 picking of fruits.

Water use efficiency (kg m=2) was calculated from the following equation as reported by
Allen et al. (1998).

. an Fruit Yield (kg fed?)

Water use efficiency (WUE, kg m=) = Total Water Applied (m®fed™)
The crop evapotranspiration (ETc) is the daily use of water by different studied crops
and calculated using the following equation (Allen et al., 1998)

ETc=ETo x K¢
Where:
ETo Reference evapotranspiration, mm day*

Kc is the crop coefficient
Calculation of water consumptive use (CU): Actual evapotranspiration (Tables 3 and 4)
was estimated by the sampling method and calculated according to the following formula:
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C.U. = (DxBdx(Q2-Q1)/100)

Where C.U. actual evapotranspiration (m).

D = soil depth (m).

Bd = bulk density of soil (Mg/m?3).

Q2 = the percentage of soil moisture one day after irrigation (field
capacity).

Q1 = the percentage of soil moisture before the next irrigation.

Water content in soil was measured before and after each irrigation 14 days after sowing at 0-
30 and 30-60 cm soil depth intervals Soil sample was taken at positions immediately under
drippers using soil auger. The sample was weighted, and then oven dried. Percentages of soil
moisture contents at the two depths were calculated on at a 105 °C oven dry basis. In each
irrigation treatment, the amounts of water consumed were recorded from the difference
between the soil moisture contents before the following irrigation and one day after irrigation
(field capacity).

Statistical analysis:

The obtained data were statistically analyzed according to Gomez and Gomez (1984) using
the computer MSTAT.C statistical analysis package as reported by Freed et al. (1989). The
least significant differences (L.S.D) at a 5% probability level were calculated to compare the
differences among means.

Table 3. Meteorological data of Aswan Governorate during the two years of 2022 and 2023.

2022 2023
Avg. | Min. | Max. Avg. | Min. | Max.
Month Temp | Temp | Temp 22) ETo | Temp | Temp | Temp (IEZ) ETo

°C °C °C °C °C °C
January 159 |88 226 [37.2)|116.8 158 |86 229 (3821213
February | 186 |109 |256 |274[138.1 183 |10.7 [258 |26.1 1409
March 226 | 143 299 [20.0]2116 221 |[145 |29.7 |215|204.2

April 274 187 | 347 [15.6]2599 266 [183 |349 |16.0]247.1
May 317 232 [387 1443139312 |236 |388 |156|2784
June 337 254 405 1433218330 |251 |40.8 |14.8 3009
July 342 261 |406 [16.1|3153|336 [264 |40.7 |159]316.1

August 34.3 26.5 40.8 17.4 | 315.8 | 33.5 26.3 40.6 17.4 | 324.8
September | 32.1 24.4 39.0 20.2 | 274.8 | 32.0 24.7 39.2 21.7 | 272.9
October 28.5 21.1 35.3 24.2 | 223.2 | 28.5 21.6 35.4 24.4 | 239.4
November | 22.3 15.2 28.9 32.3 | 147.3 | 22.3 15.8 28.7 31.3 | 157.7
December |17.4 |105 [24.0 [38.1]127.1]173 |10.2 |243 |375]|1246

The meteorological data of Aswan Governorate were used to measure ETo for the two
seasons of 2022 and 2023 (Table 3) and Kc for the different growth stages were used and
irrigation efficiency of 90% was used for drip irrigation. The applied water is presented in
Table 4.

Table 4. Calculation of water consumption (ETc) for squash during the two growing seasons
of 2022 and 2023 by CROWAT using growth stage and ETo and Kc.

Age 2022 2023
Growth stage Days ( d%ys) Month ETo ETc ETo ETc
Sowing 0 (mm | Kc | (mm5 (mm | Kc | (mmb5
day™) day') | day?) day™)
5 6.83 | 0.60 | 20.49 6.59 0.60 | 19.77
Initial 10 March | 6.83 | 0.60 | 20.49 6.59 0.60 | 19.77
(germination) 25 15 6.83 | 0.60 | 20.49 6.59 0.60 | 19.77
20 6.83 | 0.60 | 20.49 6.59 0.60 | 19.77
25 6.83 | 0.60 | 20.49 6.59 0.60 | 19.77
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30 6.83 0.95 | 32.44 6.59 0.95 | 31.30
35 8.66 0.95 | 41.14 8.24 0.95 | 39.14
Development 40 8.66 0.95 | 41.14 8.24 0.95 | 39.14
(vegetative) 35 45 April 8.66 0.95 | 41.14 8.24 0.95 | 39.14
50 8.66 0.95 | 41.14 8.24 0.95 | 39.14
55 8.66 0.95 | 41.14 8.24 0.95 | 39.14
60 8.66 0.95 | 41.14 8.24 0.95 | 39.14
65 10.13 | 0.95 | 48.12 8.98 0.95 | 42.66
Middle 70 10.13 | 0.95 | 48.12 8.98 0.95 | 42.66
(fruiting) 25 75 May 10.13 | 0.95 | 48.12 8.98 0.95 | 42.66
80 10.13 | 0.95 | 48.12 8.98 0.95 | 42.66
85 10.13 | 0.95 | 48.12 8.98 0.95 | 42.66
Late 90 10.13 | 0.95 | 48.12 8.98 0.95 | 42.66
(maturity) 15 95 June 10.73 | 0.75 | 40.24 10.03 | 0.75 | 37.61
100 10.73 | 0.75 | 40.24 10.03 | 0.75 | 37.61
Total mm season™ 100 100 750.883 696.148
m? fed! 3154.97 2924.99
m? ha 7508.83 6961.48
Applied water m?fed? 3505.52 3249.99

Results and Discussion

Effect of NPK fertigation treatments on plant stem length (cm), plant fresh weight (g)
and plant dry weight (g) of Eskandarany squash cultivar grown under two drip
irrigation systems:

Effect of drip irrigation systems:

Statistically, it was shown that the surface and subsurface drip irrigation systems have a
significant effect on the plant stem length, plant fresh weight and plant dry weight of squash
during the two seasons (Table 5 and Figures 1-3). Applying subsurface drip irrigation showed
maximum growth parameters as plant stem length (55.11 and 55.40 cm), plant fresh weight
(203.92 and 209.08 g) and plant dry weight (42.00 and 42.92 g) compared to surface drip
irrigation in the 1%t and 2" seasons, respectively. Similar results were previously obtained by
Abou Al-Rejal et al (2014); Fathia EI-Mokh et al (2014); Khalid et al (2016); Ahmed et
al. (2017); Peji¢ et al. (2018).

Effect of fertigation doses:

Applying fertigation doses led to a significant difference in the studied vegetative growth
of squash during the two seasons of study as shown in Table 5. Among the various fertigation
doses, using the higher doses (12 D) showed superiority in the plant stem length (55.58 and
56.20 cm), plant fresh weight (205.17 and 209.50 g), plant dry weight (42.33 and 45.00 g),
plant fresh weight fed (45.00 and 46.00 ton) and plant dry weight fed (7.60 and 7.60 ton)
in the 1% and 2" seasons, respectively as compared to the other fertigation doses. The lowest
values of the growth characteristics were recorded with three fertigation doses in the two
studied seasons. The growth characteristics of squash significantly increased when treated
with the higher fertigation doses and these effects may be due to the beneficial role of
nutrition in improving vegetative growth of the plants. Also, Shareef et al. (2022) revealed
that inorganic fertilizers had a higher increase in the growth characteristics of summer
squash. These results were in harmony with that of Shaheen et al. (2010); Obalum et al.
(2012). Dunsin et al. (2019) reported that the growth and fruit yield characteristics of C. pepo
were increased with increasing NPK levels. Similar results were obtained by Manuca
(1989); Oloyede et al. (2013); Hari and Girija (2016)

Effect of interactions:

The plant stem length, plant fresh weight and plant dry weight of squash plant

significantly varied due to the interaction between irrigation systems and fertigation doses in
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both seasons (Table 5). Results pointed out that maximum values of the plant stem length
(57.40 and 58.10 cm), plant fresh weight (225.33 and 231.67 g) and plant dry weight (46.00
and 48.00 g) were observed with applying subsurface irrigation plus 12 D for squash plants in
the 1% and 2" seasons, respectively. Meanwhile, the lowest values of the growth traits were
noticed with plants irrigated by surface drip irrigation plus the three doses of fertigation.
Subsurface irrigation system combined with NPK as fertigation can enhance productivity and
WUE for squash plant compared to surface drip irrigation with the same level of NPK. These
results were previously confirmed by Sadik and Abd EI-Aziz (2018).

Table 5. Effect of NPK fertigation treatments on plant stem length (cm), plant fresh
weight (g) and plant dry weight (g) of Eskandarany squash cultivar grown under two
drip irrigation systems.

SD and SSD o Plant stem length | Plant fresh weight | Plant dry weight
C Fertigation (cm) (9) Q)
Factor Irrigation Doses (B) e ond E ond I ond
Systems (A)
season | season | season | season | season | season
A SD 52.32 5255 |173.42 | 176.92 | 36.08 | 38.17
SSD 55.11 55.40 | 203.92 | 209.08 | 42.00 | 42.92
LSD
(0.05) 0.53 0.59 531 6.28 0.95 3.88
3D 51.83 52.02 | 171.00 | 173.67 | 34.67 | 36.50
6D 53.17 53.23 | 183.50 | 189.83 | 38.83 | 39.33
B 9D 54.27 54.45 195.00 | 199.00 40.33 | 41.33
12D 55.58 56.20 | 205.17 | 209.50 | 42.33 | 45.00
LSD
(0.05) 0.40 0.55 5.25 4.79 1.60 1.43
SD 3D 50.97 51.13 | 160.00 | 163.00 | 33.33 | 35.67
SD 6D 51.77 52.13 170.67 | 177.00 35.67 | 37.33
SD 9D 52.77 52.63 | 178.00 | 180.33 | 36.67 | 37.67
SD 12D 53.77 54.30 | 185.00 | 187.33 | 38.67 | 42.00
SSD 3D 52.70 52.90 | 182.00 | 184.33 | 36.00 | 37.33
AB SSD 6D 54.57 54.33 | 196.33 | 202.67 | 42.00 | 41.33
SSD 9D 55.77 56.27 212.00 | 217.67 44,00 | 45.00
SSD 12D 57.40 58.10 | 225.33 | 231.67 | 46.00 | 48.00
LSD
(0.05) 0.68 0.86 7.98 8.15 2.13 4.06

SD= Surface Drip, SSD= Subsurface Drip, D= Doses

Plant stem length (cm)

Plant stem length (cm)
ol
N

NPK Fertigation Treatments

@ 1st season m2nd season
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SD: Surface Drip, SSD: Subsurface Drip, D= Dose

Figure 1. Effect of NPK fertigation treatments on plant stem length (cm) of
Eskandarany squash cultivar grown under two drip irrigation systems.
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Figure 2: Effect of NPK fertigation treatments on plant fresh weight (g) of Eskandarany
squash cultivar grown under two drip irrigation systems
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Figure 3: Effect of NPK fertigation treatments on plant dry weight (g) of Eskandarany
squash cultivar grown under two drip irrigation systems

Effect of NPK Fertigation Treatments on fruit weight (g), No. of Fruits per Plot, Fruits
Weight per Plot (kg), Fruits Yield per Fed. (ton) and Water Use Efficiency (WUE, kg m-
3) of Eskandarany Squash Cultivar Grown Under Two Drip Irrigation Systems.

Effect of drip irrigation systems:
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Results in Table 6 and Figures 4-8 proved that surface and subsurface drip irrigation
systems have a significant effect on the fruit weight, No. of fruits per plot, fruit weigh per
plot, fruit yield per fed. and WUE (kg m™) of squash plant during the two seasons. Squash
plants irrigated by subsurface drip irrigation showed maximum fruit weight (109.42 and
109.42 g), No. of fruits per plot (87.50 and 89.75), fruit weight per plot (9.65 and 9.88 kg),
fruit yield per fed (5.79 and 5.93 ton) and WUE (3.07 and 3.30 kg m?®) in the 1 and 2"
seasons, respectively. These results were in agreement with Peji¢ et al. (2018), who reported
that the highest growth, yield and WUE of onions were recorded with a drip lateral placement
depth of 0.1 m, which is suitable for high growth and yield of onion.

Effect of fertigation doses:

Concerning the effect of fertigation, increasing fertigation doses from 3 up to 12 doses
was parallel with the increase in fruit measurements and Water Use Efficiency (WUE) during
both seasons (Table 6). Adding 12 fertigation doses to squash plants showed the highest fruit
weight (112.50 and 112.50 g), No. of fruits per plot (99.00 and 99.83), fruits weight per plot
(11.17 and 11.26 kg), fruits yield per fed. (6.70 and 6.76 ton) and WUE (3.20 and 3.39 kg m"
%) in the 1% and 2" seasons, respectively. Whereas, applying three fertigation doses to squash
plants led to the lowest values of the fruit characteristics and WUE. Shareef et al. (2022)
suggested that inorganic fertilizers had a higher increase in the plant yield and total yield of
summer squash. Also, Modak et al. (2021) stated that the yield and yield contributing
parameters of pumpkin were found to be significantly maximum in the higher level of NPK.
Effect of interactions:

The effect of interaction between the two experimental factors was significant for the
studied fruit parameters and Water Use Efficiency (WUE) of squash plants and WUE during
the two seasons (Table 6). Among the different combinations, the use of subsurface irrigation
system plus 12 fertigation doses led to the highest values of the fruit weight (117.67 and
116.67 g), No. of fruits per plot (104.67 and 106.33), fruits weight per plot (12.31 and 12.41
kg), fruits yield per fed. (7.39 and 7.45 ton) and WUE (3.65 and 3.79 kg m™®) in the 1%t and 2"
seasons, respectively. On the other side, the lowest values of fruit parameters and WUE were
recorded by applying surface drip irrigation plus three fertigation doses. Ibrahim, and Selim
(2007) pointed out that irrigation combined with the application of 75 kg N fed resulted in
chancing water and nitrogen use efficiency, and increased growth and fruit yield of squash.
Table 6. Effect of NPK Fertigation Treatments on fruit weight (g), No. of Fruits per
Plot, Fruits Weight per Plot (kg), Fruits Yield per Fed. (ton) and Water Use Efficiency
(WUE, kg m®) of Eskandarany Squash Cultivar Grown Under Two Drip Irrigation
Systems.

SD and Fruit weight No. of fruits Fruits weight | Fruits yield per WUE
-3
_SSD_ Fertigation (9) per plot per plot (kg) fed. (ton) (kg m3)
Factor Irrlgatlon Doses (B) 1st ond 1st 2nd 1st 2nd 1st ond 1st 2nd
sy(s;:s)m season | season | season | season | season | season | season | season | season | season
A SD 100.08 | 101.33 | 71.92 | 73.83 | 7.16 7.56 4.29 4.53 2.29 2.52
SSD 109.42 | 109.42 | 87.50 | 89.75 | 9.65 9.88 5.79 5.93 3.07 3.30
'(BS(%) 684 | 218 [294 |28 |028 |037 |017 |022 |009 |005
3D 98.00 | 99.67 | 6133 |6350 |5.81 6.35 3.49 3.81 2.14 2.38
B 6D 101.33 | 102.00 | 73.33 | 75.33 | 7.48 7.74 4.49 4.65 2.54 2.77
9D 107.17 | 107.33 | 85.17 | 88.50 | 9.16 9.52 5.50 5.71 2.84 3.11
12D 112,50 | 112,50 | 99.00 | 99.83 | 11.17 | 11.26 | 6.70 6.76 3.20 3.39
I(BS(%) 247 312 |468 [335 |063 |040 |038 |02431|010 |0.11
SD 3D 93.67 | 96.67 | 52.67 |54.33 | 4.45 5.25 2.67 3.15 1.78 2.00
AB SD 6D 96.33 | 96.00 | 64.67 | 65.33 | 6.23 6.27 3.74 3.76 2.16 2.40
SD 9D 103.00 | 104.33 | 77.00 | 82.33 | 7.93 8.59 4.76 5.15 2.48 2.70
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SSD 12D 117.67 | 116.67 | 104.67 | 106.33 | 1231 | 1241 | 739 | 745 |365 |3.79
I(_oi?s) 714 |427 |6290 |479 |o081 |059 |049 |036 |015 |o0.14
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Figure 4: Effect of NPK fertigation treatments on fruit weight (g) of Eskandarany

squash cultivar grown under two drip irrigation systems
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Figure 5: Effect of NPK fertigation treatments on No. of fruit per plot of Eskandarany

squash cultivar grown under two drip irrigation systems
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Figure 6: Effect of NPK fertigation treatments on fruit weight per plot (kg) of
Eskandarany squash cultivar grown under two drip irrigation systems
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Figure 7: Effect of NPK fertigation treatments on fruit weight per fed. (ton) of
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Figure 8: Effect Water Use Efficiency (WUE, kg m-3) of Eskandarany Squash Cultivar
Grown Under Two Drip Irrigation Systems.

Conclusions

Based on this study and the results obtained, we can conclude that the subsurface drip
irrigation system was quite suitable for increasing the vegetative growth, productivity, and
water use efficiency of the Eskandarany squash cultivar. There were significant differences
between the growth characteristics, productivity and water use efficiency as a result of
applying different doses of NPK fertigation. The higher doses of NPK fertigation (9 and 12
doses) were significantly superior to the other doses in terms of higher values of growth and
yield characteristics and water use efficiency in the two seasons studied. Therefore, it can be
recommended that when growing squash in similar experimental conditions, the subsurface
drip irrigation system should be applied with the addition of the highest doses (9 and 12
doses) of NPK fertigation because it achieves the best productivity and water use efficiency.

References

Abou Al-Rejal, N.A.A., Ragheb, H.M., Gameh, M.A., and Ahmed, E.M. (2014).
Influence of deficit irrigation on water use efficiency and potato production with different
irrigation system. The 7™ Int. Conf. For Develop. and the Env. In Arab World, March, 2014:
479-501.

Ahmed, E.M., Barakat, M.M.A., Ragheb, H.M., and Rushdi, M.K. (2017). Impact of
surface and subsurface drip irrigation systems and fertigation managements on yield and
water use efficiencies of two squash varieties. Assiut Journal of Agricultural Sciences, 48 (1-
1): 303-318.

Allen, R.G., Pereira, L.S., Rates, D., and Smith, M. (1998). Crop evapotranspiration:
Guidelines for Computing Crop Requirements. FAO Irrigation and Drainage Paper, No. 56,
Rome, 1-333.

Al-Wabel, M.1., Al-Jaloud, A.A., Hussain, G., and Karimula, S. (2006). Fertigation as a
tool to improve nitrogen use efficiency and yield. Acta Horticulturae (ISHS), 710: 295-300.
Awe, G.O., Fasina, A.S., Shittu, O.S., Jejelowo, T.A., and Oparemi, A.D. (2016). Effect
of drip irrigation frequency and N fertilization use efficiency of cucumber (Cucumis sativus
L.) in Ado-EKiti, South Western Nigeria. Journal of Biology, Agriculture and Healthcare,
6(4): 32-46.

AR



Borivoj, P., Macki¢, K., Randjelovi¢, P., Valtner, 1., Gvozdanovi¢-Varga, J., and
Bezdan, A. (2018). Effects of surface and subsurface drip irrigation on the yield, vegetative
growth and water productivity of onions. Contemporary Agriculture, 67 (2): 149-156.
Dunsin, O., Aboyeji, C.M., Adekiya, A.O., Adegbite, K.A., Adebiyi, O.T.V., Bello, R.O.,
Joseph, A., Adesola, O. O., Ajiboye, B., Ndako, J.A., and Dunsin, D.M.F (2019). Growth,
yield, fruit mineral and Vitamin C content of Cucurbita pepo. L as affected by Organic and
NPK fertilizer. Open Agriculture, 4: 795-802.

Fathia EI-Mokh, Nagaz, K., Masmoudi, M.M., and Mechlia, N.B. (2014). Effects of
surface and subsurface drip irrigation regimes with saline water on yield and water use
efficiency of potato in arid conditions of Tunisia. Journal of Agriculture and Environment for
International Development (JAEID), 108(2): 227-246. DOI 10.12895/jaeid.20142.258.
Freed, R.P., Eisensmith, S.P., Goelz, S., Reicozky, D., Smail, W.W., and Woberg, P.
(1989). MSTAT. A Software Program for Design, Management and Analysis of Agronomic
Research Experiments. Dep. Crop and Soil Sci, Michigan State University, East Lansing,
USA.

Gomez, K.A., and Gomez, A.A. (1984). Statistical Procedures for Agriculture Research. 2nd
Edition, Johan Wiley and Sone. New York, U. S. A. 680 p.

Guo, F., Ma, J., Zheng, L., Sun, X., Guo, X., and Zhang, X. (2016). Estimating
distribution of water uptake with depth of winter wheat by hydrogen and oxygen stable
isotopes under different irrigation depths. Journal of Integrative Agriculture,15 (4): 891-906.
Guo, J.,, Zheng, L., Ma, L., Li, X., and Chen, R. (2023). Meta-analysis of the effect of
subsurface irrigation on crop yield and water productivity. Sustainability, 15(22), 15716;
https://doi.org/10.3390/su152215716.

Guo, X., Sun, X, Ma, J., Lei, T., Zheng, L., and Wang, P. (2018). Simulation of the water
dynamics and root water uptake of winter wheat in irrigation at different soil depths. Water,
10: 1033. doi:10.3390/w10081033.

Hari, A.A. and D.L. Girija (2016). Studies on fertigation in bitter gourd (Momordica
charantia L.). Journal of Crop of Weed, 12(2): 91-95.

Ibrahim, E.A., and Selim, E.M. (2007). Effect of irrigation intervals and nitrogen fertilizer
rates on summer squash (Cucurbita pepo L.) growth, yield, nutritional status and water use
efficiency. Journal of Plant Production, 32 (12): 10333 — 10346.

Janpriya, S, Palanisamy, D., and Ranghaswami M.V. (2010).
Soilless media and fertigation for naturally ventilated polyhouse production of cucumber
(Cucumis sativus L.) cv. GREEN LONG. International Journal of Agriculture Environment
and Biotechnology (IJAEB), 3 (2): 56-65

Jin, Y., Gao, X.,, Zhang, R.,, Wu, X,, Long, H., Sun, Z., and Zhang, S. (2022).
Comprehensive assessment of plant and water productivity responses in negative pressure
irrigation technology: A Meta-analysis. Agronomy,12: 1925.

Kanda, E.K., Niu, W., Mabhaudhi, T., and Senzanje, A. (2019). Moistube irrigation
technology: A Review. Agricultural Research. 9: 139-147.

Khalid, E., S. EI-Hendawy, E. Abdel-Salam, A. Elgorban and M. Ahmed (2016). Impacts
of fertigation via surface and subsurface drip irrigation on growth rate, yield and flower
quality of Zinnia elegans. Soil and Plant Nutrition — Article, Bragantia Campins, 75 (1): 96-
107.

Klute, A. (1986). Methods of Soil Analysis. Part 1: Physical and mineralogical methods.
2nd Edition, American Society of Agronomy and Soil Science Society of America, Madison,
Wisconsin USA.

Madane, M.N. (1999). Fertigation in tropical gynoecious hybrid cucumber (Cucumis sativus
L.). Thesis, Mahatma Phule Krishi Vidyapeeth, Rahuri, Ahmednagar, M.S. (INDIA).

vy


https://doi.org/10.3390/su152215716

Manuca, O. (1989). Fertigation of vegetables cultivated in green house. Fertil., Veg., Hortic.,
38(12):3-7.

Modak, R.M., Wagh, A.P., Jadhao, J.G., Tayade, V.D., and Gedam, A.P. (2021). Effect
of different fertigation levels of nitrogen, phosphorus and potassium on growth, yield and
quality of pumpkin. The Pharma Innovation Journal. 10(12): 272-275.

Mohsen, J., Alireza, K., and Reza, G. (2013). The effects of manure application and branch
management methods on some agro ecological aspects of summer squash (Cucurbit pepo L.)
in a low input cropping system. International Journal of Agricultural Sciences, 3(2): 428-
434,

Nut, N., Seng, S., and Mihara, M. (2017). Effect of drip-fertigation intervals and hand-
watering on tomato growth and yield. IJERD — International Journal of Environmental and
Rural Development, 8 (1): 1-6. https:// doi.org/10.32115/ijerd.8.1_1.

Obalum, S.E. Buri, M.M., Nwite, J.C., Hermansah, L. Watanabe,
Y., lgwe, C.A., and Wakatsuki, T. (2012). Soil Degradation-Induced Decline in
Productivity of Sub-Saharan African Soils: The Prospects of Looking Downwards the
Lowlands with the Sawah Ecotechnology. Applied and Environmental Soil Science, Article
ID 673926,10 pp, 10, doi:10.1155/2012/673926.

Oloyede, F., Agbaje, G. and Obisesan (2013). Analysis of pumpkin (Cucurbita pepo Linn.)
biomass yield and its components as affected by nitrogen, phosphorus and potassium (NPK)
fertilizer rates. African Journal of Agricultural Research.,8(37):4686-4692.

Patil, M., and Gadge, S.B. (2016). Yield response of cucumber (Cucumis sativus L.) to
different fertigation levels. International Journal of Agricultural Engineering, 9 (2): 145-149.
Peji¢, B., Macki¢, K., Randjelovié, P., Valtner, 1., Gvozdanovi¢-Varga, J. and Bezdan,
A. (2018). Effects of surface and subsurface drip irrigation on the yield, vegetative growth
and water productivity of onions. Contemporary Agriculture, 67 (2) 149-156.

Sadik, A., and Abd El-Aziz, A. (2018). Yield response of squash (Cucurbita pepo L.) to
water deficit under East Owainat Conditions. Egyptian Journal of Soil Science (EJSS), 58
(2):161-175

Shaheen, A., Naeem, M.A., Jilani, G. and Shafig M. (2010). Integrated soil management in
eroded land augments the crop yield and water-use efficiency. Acta Agriculturae
Scandinavica. Section B- Soil and Plant Science, 60(3): 274 — 282.

Shareef, R.S., Rasheed, S.M.S. and Zeebaree, P.J.M. (2022). Effect of organic and
inorganic fertilizers on growth and yield of summer squash (Cucurbita pepo L.). Journal of
Duhok University, 25 (1): 17-25.

Tumbare, A.D. and Bhoite, S.U. (2002). Effect of solid soluble fertilizers applied through
fertigation on the growth and yield of chilli (Capsicum annuum L.). Indian Journal of
Agricultural Sciences, 72(2): 109-111.

Yao, J., Qi, Y., Li, H, and Shen, Y. (2021). Water saving potential and mechanisms of
subsurface drip irrigation: A review (in Chinese with English abstract), Chinese Journal of
Eco-Agriculture 29: 1076-1084. https://doi.org/10.13930/j.cnki.cjea.200980

yay



