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ABSTRACT

A field experiment was conducted during the two successive summer seasons of 2019 and 2020 in a
clay soil. This work was done to study the effect of three irrigation water depletion treatments (50, 65 and 80%
of available soil moisture, SPE) and two levels of magnetic iron application and their interactions on squash
yield and its components, water application requirements, water consumption, water use efficiency, water
productivity, NPK and chlorophyll contents. Results indicated that the total depth of water application
requirements were 389.2, 427.0 and 490.5 mm in 2019 season, and were 400.9, 436.2 and 510.7 mm in 2020
under Igo, les and Iso, respectively. The best WUE values of 13.34 and 12.9 kg/m?® were recorded with lss and
Fe2 treatment in 2019 and 2020 growing seasons, respectively. The highest yields of 23.9 and 23.65 t/fed were
obtained with low depletion rate (Iso) and Fez treatment, in 2019 and 2020 seasons, respectively. All of the
evaluated yield components and vegetative growth traits exhibited higher values with Iso, and the values
tended to decrease, gradually, with increasing water depletion. Furthermore, higher values of all the above-
mentioned fruit quality and attributes were attained from the application of magnetic iron at 150 kg/fed (Fez).
On conclusion, it is advisable to irrigate squash crop under Iso (50% of available soil moisture) combined with
applying magnetic iron at rate of 150 kg/fed in order to obtain higher and reasonable fruit yield and quality
and water productivity as well under the experimental conditions.
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INTRODUCTION

Agriculture is the largest consumer of freshwater
supplies with abou 70% in average and nearly 95% in some
of developing countries (Steduto et al., 2012). Deficit
irrigation will play an important role in farm-level water
management strategies, with consequent increases in the
output generated per unit of water used in agriculture. It is
also successful in increasing water productivity for different
crops without causing severe yield reduction. This strategy
allows sustaining under water deficit conditions in order to
reduce costs and increase the net income (Kirda et al., 2002).
For water productivity (WP) offers a quantifiable benchmark
to assess crop production in relation to available water
resources (Bouman et al., 2005). WP can be defined in
several ways depending on the temporal and spatial scales of
concern and study objectives.

Squash  (Cucurbite Pepo, L.) belongs to
Cucurbitaceae family and rich in carbohydrates and amino
acids. Also, important commercial crop that planting in
open and greenhouse fields (EI-Mageed, Taia and Semida,
2015). They conducted an experiment and found that
reduced water to 85% from ETc is recommended to squash
crop and the high WUE come from same treatment.
Summer squash is sensitive to water stress, and may be
damaged by, excessive soil water from seed sowing to
emergence. Since summer squash rooting depth is
relatively shallow, soil water has to be maintained above
65% of the available soil water capacity in order to avoid
detrimental water deficit (Mario et al., 1997). Squash roots,
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most of which are in the top of 40-50 cm of soil, develop
rapidly. Irrigation squash crop should be scheduled to
avoid excessive moisture or water stress. Lack of adequate
soil water at harvest can result in misshapen fruits, but too
much soil water can aggravate root and stem rot diseases
(Richard et al., 2002). Under Egyptian conditions, El-
Gindy et al., 2009 conducted a field experiment to test the
effect of two methods of applying nitrogen fertilizer
(fertigation and broadcasting), two irrigation levels and two
irrigation systems surface and subsurface drip on summer
squash production in the sandy soils. Finally, they
concluded that subsurface has good water distribution in
the soil and the maximum value was 4.51 kg/m® with
(subsurface irrigation - 60 % ETc — Fertigation), but the
minimum values 3.03 kg/m? with (surface drip — 80% ETc
— Trinational broadcast fertilization). Another work, in clay
loam soil at private farm, Dakahlia Governorate, Egypt a
field experiment was done to study the effect of irrigation
intervals and rates of nitrogen N on Squash crop. The
results indicated that irrigation every 12 days with added
75 kg N/fed to squash crop increasing water and N uses
efficiencies (Ibrahim and Salim, 2007). Finally, they
concluded that squash crop is one of the most important in
Egypt and it responds well to application of water
application (AW) and N fertilizer. For saving water, Refai
and Hassan, 2019 studied the effect of irrigation regimes,
N fertilizer and planting date in squash plant. They found
that planting squash in autumn season saved 32% of AW
compared with planting in spring season. In addition,
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irrigate with 0.8 AW plus 100% N and biofertilizer (Bio-
gem) saved 20% AW and improved squash productivity.
Also, in sandy loam soil in Egypt (EInemr and Elmetwalli,
2021) found that decreasing water level to 80% ETc for
squash increasing WP under good irrigation uniformity.
Also, they draw attention to deficit irrigation me be
required sometimes specially in arid regions. The using
modern system to irrigate squash crop, Okasha et al., 2020
recommended that interaction between drip irrigation
system and irrigation intervals every 7 days showed
significant positive effects on the studied traits, especially,
crop yield, water productivity, and squash quality attributes
under clay soil condition.

In other crops, the using magnetic irrigation water
increased tomato yield by 39.9 to 66.7% and improved the
yield a quality (Yusuf and Ogunlela, 2015). Farah et al.,
2021, indicated that the irrigation by partial root drying
PRD irrigation method and using soil mulch under deficit
irrigation conditions could be used as a water-saving
strategy without reducing yield squash crop in arid and
semi-arid regions. Rout and Sahoo, 2015 reported some
roles of iron in plant growth and its metabolism. These
roles of iron according to its ability to gain and lose
electrons. Also, iron works as cofactor enzymes involved
in a wide variety of oxidations-reductions reactions. This
function makes iron an essential nutrient and its deficiency
causes iron chlorosis. On the other hand, iron toxicity in
plants indicated by bronzing characteristics which have
been observed in plants grown than 100 mM solution, that
higher iron uptake by plants reduce protein synthesis in
leaves. Esmailnegad et al., 2020, summarized that using
magnetized water improved growth and biochemical of
squash under toxicity of herbicides by increasing proline
and cytokine concentrations in plant. Abd EI-Mageed,
Taia et al., 2016, studied the effect many types of mulching
on squash under water stress they found that interaction
between these treatments saving 15% AW without
detrimental effect on plant growth or yield. Fandika et al.,
2011 concluded that controlling irrigation water modify
yield and WUE of some varieties of squash crop. Doklega,
Samar M.A, 2018 summarized that the interactions among
irrigation intervals, organic fertilizer and foliar application
with some antioxidant’s treatments showed that irrigated
every 10 days and fertilized with compost (15 m3/fed) as

well as foliar spraying with yeast extract (2g/L) can be
recommended to increase the quantity of the yield and
improve the squash fruits quality and reduce the amount of
irrigation water used. Abdd El-Maged Taia et al., 2016
studied that combined effect of salicylic acid and deficit
irrigation on squash and they resulted that these treatments
allowing water savings 20-40% without any detrimental
effect on plant growth or yield.

The ultimate target for the present investigation is
to supply the right amounts of water needed for the plants.
The specific objectives are to test the effect of three
irrigation water deficit treatments (50, 65 and 80 % of
available soil moisture) and two levels of magnetic iron
(Fe: 0, and 150 kg/fed) and their interactions on squash
yield and its components, yield quality, applied irrigation
water, water consumption, water use efficiency, water
productivity, and leaf NPK and chlorophyll contents under
field conditions in clay soils.

MATERIALS AND METHODS

Experimental site description:

This study was carried out in clay soil at the
Horticultural Research field, Sakha Agricultural Research
Station, Kafr EI-Sheikh Governorate (Middle North Nile
Delta) Egypt during the growing seasons of 2019 and 2020
to study the effect of irrigation amounts, and soil
application of magnetic iron (M, the spherical-shaped
magnetic Fe203 NPs with an average particle size of
below 10 nm selected for this study was. The oxide was
brown, red in color probably due to partial oxidation to a-
Fe203, red oxide, Shankramma et al., 2016) on squash
productivity and some water relations. The experimental
design was a split plot involving two factors; main
treatment (irrigation amounts) and sub main treatment
(magnetic iron application).
Meteorological data as
Evaporation:

Data presented in Table 1 show the meteorological
parameters during the studied period, recorded from Sakha
Agrometeorological ~ Station.  The  meteorological
parameters included: air temperature (T, °C), relative
humidity (RH.,%), wind speed (WS, m sec at 2 m height)
and evaporation pan (Ep, mm day™?).

comparison to Pan

Table 1. Mean monthly meteorological data at Kafr EI-Sheikh area during 2019 and 2020 growing seasons.

Months T (°C) RH (%) WS Pan Evap.
Max. Min. Mean Max. Min. Mean m Sec? (mm day™)
May 319 254 28.7 76.4 379 57.2 0.79 6.83
June 33.0 28.0 30.5 81.5 50.0 65.8 119 8.46
July 335 28.4 311 85.3 54.4 69.9 0.97 8.08
August 34.2 259 30.1 89.7 55.6 727 0.80 6.82
May 31.9 235 21.7 85.9 354 60.6 1.32 7.70
June 31.10 25.8 28.5 78.0 42.6 60.3 1.29 8.44
July 33.7 27.3 30.5 84.2 514 67.8 117 8.77
August 34.6 28.8 31.7 85.3 49.6 67.5 1.07 8.03

* Source: meteorological station at Sakha 31°-07" N Latitude, 30°-57'E Longitude, N. elevation 6 m.

Soil data:

Disturbed and undisturbed samples from the top 60
cm soil surface at the experimental site were collected for
main physical, hydro-physical and chemical soil properties
determination. Soil particle size distribution and bulk
density were determined as described by Klute (1986).

Field capacity, permanent wilting point and available water
characters were determined according to James (1988).
Chemical characteristics of soil were determined as
described by Jackson (1973). The obtained data are
presented in Table 2.
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Table 2. Main physical, hydro-physical and chemical soil properties of the experimental site (mean of 2019 and

2020 seasons)
Soil layer Particle size distribution  Textural Bulk density Soil- water constants
depth(cm) Sand% Silt%  Clay% class (gecm?®) F.C*(%,wtiwt)  P.W.P**(%,wt/wt) AW***(%,wt/wt)
0-15 1380 25.30 60.90 42.12 21.38 20.74
15-30 1830  30.10 52.70 Clay 1.18 40.38 20.95 19.43
30-45 2112 28.02 50.86 Clay 1.20 39.78 20.78 19.00
45-60 19.78  31.56 48.66 Clay 1.21 38.12 20.65 17.47
Mean 1825 2852 53.23 Clay 1.18 40.10 20.94 19.16

Soil chemical characteristics

Soil layer H EC Soluble cations, megL* Soluble anions, megL?
depth(cm) P ds m* Ca** Mg Na* K* COs* HCO3 Cl SO
0-15 8.09 2.32 4.35 4.70 13.62 0.53 N.D. 8.95 3.22 11.03
15-30 8.06 243 3.22 5.65 15.19 0.24 N.D. 9.08 8.98 6.07
30-45 8.01 3.20 4.90 5.92 20.94 0.24 N.D. 11.64 12.95 741
45-60 7.94 3.27 6.50 11.95 13.98 0.27 N.D. 10.53 14.90 7.27
Mean 8.02 2.80 4.74 7.06 15.94 0.33 N.D. 10.05 10.01 7.94

FC* (Field capacity), PWP**( Permanent wilting point) , AW***(Available soil water) and N.D. (not detected)

Experimental design and tested treatments:

A split plot experimental design with three
replicates was used to implement the field experiment. The
tested treatments were as follows:

The main plots were allocated to three irrigation depletion

treatments:

I, Irrigation with amount of water equals to 50% of
available soil moisture,

I Irrigation with amount of water equals to 65% of
available soil moisture, and

I Irrigation with amount of water equals to 80% of
available soil moisture.

The sub-main plots were allocated to two magnetic
iron application treatments:

o Fe1: Without magnetic iron application, and
o Fey: With magnetic iron application

For the Fe soil application technique, magnetite
iron (MI) was distributed and incorporated into the soil
surface before transplanting at 150 kg MI/fed rate.
Agricultural practices:

Squash seedlings (Mabrouka, hybrid), 18 days age,
were transplanted on one side of the ridge in hills spaced
0.40 m apart giving a plant density of about three plants m-
2, Transplanting dates were on May 28, 2019, and May 30,
2020. The experimental plot area was equals 52.5 m? (1/80
feddan) and contain 8 ridges.

All agricultural practices for squash crop were
implemented according to the technical recommendations
of AR.C.

Irrigation water (1.W.):
Applied irrigation water (AIW):

Irrigation event occurs when cumulative pan
evaporation is equal to the experimental fraction multiplied
by available soil moisture in the soil profile at the
experimental site. The depths of applied irrigation water
were calculated as a fraction of the available soil moisture in
the top 60 cm layer (=135.6 mm at the experimental site).
fraction X available soil moisture (mm)

Ea

Irrigation depth (mm) =

where:
1D = depth of applied irrigation water (mm),
fraction = 50, 65, and 80% in this experiment, and Ea = application
efficiency of the surface irrigation system (=60% at the site).
A submerged flow spile with fixed dimension

was used to measure the applied irrigation water. Water

discharged to the experimental plots was calculated

according to the following equation (Michael, 1978).
q=CA\2gh

where:

g = Discharge of irrigation water (cm?/s),

C = Coefficient of discharge = 0.62 (determined by experiment),

A = Inner cross section area of the irrigation spile (cm?),

g = Gravity acceleration (cm/s?) and

h = Average effective head (cm).

The wvolume of water delivered to each plot
(7mx7.5m = 52.5 m?) was calculated by substituting Q in
the following equation:

Q =qx Txn
where:
Q = volume of water (m°),
q = discharge (m¥min),
T =total irrigation time (min) and
n = number of spiles per each plot.
Water consumptive use (CU):

Water consumptive use was calculated as soil
moisture depletion (SMD) according to Hansen et al.
(1979).

CU = SMD = 3i¥ 2% « Dbi = Di

where:
CU = Water consumptive use in the effective root zone (60 cm), cm,
O, = Gravimetric soil moisture percentage 48 hours after irrigation
(% on mass basis),
©,= Gravimetric soil moisture percentage before irrigation (% on
mass basis),
Dbi = soil bulk density (g cm?®) for the given depth,
Di = soil layer depth (20 cm), and
i = number of soil layers (i = 1 to i = 4) each 15 cm depth.
Crop- water relations:
Consumptive use efficiency (Ecu%o):
The consumptive use efficiency (Ecu) was calculated

as described by Doornbos and Pruitt (1977) as follows:
ETc

Ecocu = X 100

where:

Ecu = Consumptive use efficiency (%)

ETc = Total crop evapotranspiration = consumptive use (m*fed?).
AW = Water applied to the field (m? fed?).

Water use efficiency (WUE):

Water use efficiency is generally outlined as crop
yield per cubic meter of water consumed by growing crop.
It was calculated according to (Ali et al., 2007)
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Sguash yield, ¥ [f%j
WuUE =

Consumed Water, WCLF (f%;ﬂ:n)

where:

WUE = water use efficiency (kg m* of consumed water),

Y = Squash yield (kg fed™), and

WCU = Total water consumption of the crop during growing season

(m® fed™.).

Productivity of irrigation water (P1W):
Productivity of irrigation water

estimated according to (Ali et al., 2007).

GY
PIW = —
AW

(PIW) was

where:

PIW= productivity of irrigation water (kg m™ of applied water),

GY=yield kg/fed and

AW = applied water (m®fed.). (Irrigation water + effective rainfall)

Note: effect rainfall = rainfall*0.7 (Novica, 1979) No rain during
summer at the site

Crop measurements and calculations:

Vegetative growth measurements:

The following squash vegetative parameters were
measured:

- Plant height (cm)

- Number of leaves per plant

- Leaf area per plant (dm?)

- Chlorophyll content (mgdm?): determined
spectrobolometrically 60 days after transplanting as
described by Moran and Porath (1982).

Fruit yield, yield components, and quality:

- Early fruit yield (yield of first three picking) and total
fruit yield (t fed?)

- Mean fruit weight (g)

- Vitamin C (mg/100 g fresh weight), and

- Total Soluble Solids (TSS, %)

Mineral contents

Samples were collected 60 days after
transplanting from leaves of squash plants to determine

NPK contents. Nitrogen (%) was determined in the

digestion product using the micro-kjeldahl method

(AOAC, 1980). Phosphorus (%) was determined

calorimetrically according to King (1951). Potassium (%)

was determined using a flame photometer (Jackson, 1973).

Statistical analysis:

All data were statistically explored analyzed
according to the technique of analysis of variance
(ANOVA) as published by Gomez and Gomez (1984).
Means of the treatments were compared by the least
significant difference (LSD) at 5% level and 1 % level of
significance according to Waller and Duncan (1969).

RESULTS AND DISCUSSION

Effect of tested treatments on water relations:
Seasonal water applied in the two growing seasons:

The results in Table (3) represent the total seasonal
water applied for squash crop in the 2019 and 2020
growing seasons. These amounts were 1635, 1795 and
2060 mé/fed (389Y, 427+ and 490° m3ha) in the first
season and 1684, 1832 and 2145 m®/fed (4004, 436Y and
510 m3ha) in the second season for Is, I, and Iy
treatments, respectively. For the 50% CPE treatment the
depth of AW were 49.05 and 51.07 cm for 2019 and 2020
season, respectively. The same results were nearly obtained

by Abd EI-Mageed, et al. (2016), they stated that the depth
of applied water was 47.9 cm..

Table 3. Seasonal water applied as affected by irrigation
treatments in the two growing seasons.
Seasonal applied water

Applied AW (mfedt) AW (cm)

water 2019 2020 mean 2019 2020 mean
Ih 2060.0 21450 21025 49.05 51.07 50.06
I2 1795.0 1832.0 18135 4270 43.62 43.16
I3 1635.0 1684.0 16595 38.92 40.09 39.51

1;: irrigation at 50% CPE, I,: irrigation at 65% CPE, l5: irrigation at
80% CPE, Fe;: without magnetic iron application and Fe,: with
magnetic iron application.

Crop water consumptive use (CU)

Results in Table (4) showed that irrigation and
magnetic iron treatments affected the consumed water by
squash crop. The Iy irrigation treatment recorded the
highest water consumptive use values. The means of
obtained values increased by 10.5 and 15.96% compared to
I, and I3 treatments, respectively. The values of water
consumptive use were affected by the application of
magnetic iron and taken same line under different
irrigation treatments. The Fe, treatment recorded CU
values compared with Fe; of in the two seasons. The
highest values of water consumptive use (42.60 and 41.52
cm) were obtained from the 11 X Fe, interaction in the first
and second seasons, respectively. Similar results were
obtained by El-Mageed et al., (2016). They showed that
the water consumptive use decreased with increasing water
stress from 11 to I3 treatment. On the other hand the
highest water use efficiency (WUE) was obtained at water
stress conditions 1700 treatments.

The effect of irrigation treatments and magnetic iron
rates on consumptive use efficiency (Ecu%o).

The mean values of consumptive use efficiency
(Ecu%) of squash crop as affected by irrigation treatments
and magnetic iron rates are presented in Table (4). Results
showed that increasing depletion (i.e. water stress) and
adding magnetic iron increased Ecu% values. The Ecu%
values were 85.7, 86.7 and 87.8% in the 2019 season and
80.7, 85.9 and 87.4% in 2020 season for I3, I, and I3
treatments, respectively. Also, the values of Ecu% under
magnetic iron treatments were 85.2 and 87.9% in the 2019
season and 83.2 and 86.1% in the 2020 season under Fe;
and Fey, respectively.

Table 4. Consumptive use (CU) and consumptive use
efficiency (Ecu) as influenced by irrigation and
magnetic iron application treatments during
the two growing seasons.

Treatments CU(cm) Ecu (%)

Irrigation  Foliar application 2019 2020 mean 2019 2020 mean

4150 4090 4120 84.60 80.09 82.34

4260 4152 42.06 86.85 8130 84.07

4205 4121 4163 85.72 80.69 83.20

36.18 36.80 3649 84.73 84.37 8455

37.88 3810 3799 88.71 87.34 88.02

37.03 3745 37.24 86.72 85838 86.30

3352 3410 3381 86.13 85.05 8559

34.33 3595 35.14 88.20 89.67 88.93
Mean I3 3393 3503 3448 87.78 87.37 8758

Mean | 3767 3790 37.79 86.74 84.65 85.70

1,: irrigation at 50% CPE, I,: irrigation at 65% CPE, l: irrigation at

80% CPE, Fe;: without magnetic iron application and Fe,: with

magnetic iron application.

I1

Mean |1

Mean |2

Fo FE|FL
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Effect of irrigation and magnetic iron treatments on
productivity of irrigation water (kg m=3) of squash crop.

The mean values of productivity of irrigation water
(PIW) of squash crop as affected by irrigation treatments and
magnetic iron rates are presented in Table (5).

Table 5. Effect of irrigation treatments and magnetic
iron application rates on productivity of
irrigation water (PIW) and water use
efficiency (WUE) in both growing seasons.

Productivity of Water Use Efficiency
Treatments irrigation water (kg m-3) (kg m3)

2019 2020 2019 2020

Fe1 10.89 bc 10.36b 12.87ab 1293 ab

() Fe2 11.60 ab 11.03a 13.36a 1356 a
Mean I1 11.25 10.69 13.11 13.25

Fe1 1127abc  10.69ab  13.32a 12.67b

() Fe: 11.83a 11.27a 13.34a 12.90ab
Mean I, 11.55 10.97 13.33 12.78

Fe1 9.55d 9.14c 11.09¢c 10.75¢

(Is) Fe: 10.83 ¢ 10.12b 1228b  11.29c
Mean I3 10.19 9.63 11.69 11.02

1:: irrigation at 50% CPE, 1,: irrigation at 65% CPE, I5: irrigation at
80% CPE, Fe;: without magnetic iron application and Fe,: with
magnetic iron application

Results showed that the highest PIW values were
recorded for 1y and I, treatments under application of
magnetic iron (Fez). These values were significantly higher
than I irrigation treatment. The obtained PIW values were
11.25, 11.25 and 10.19 kg/m® in the 2019 season and
10.29, 10.79 and 9.63 in 2020 kg/m? season, for I3, I and |3
treatments, respectively. Also, magnetic iron application
increased the productivity of irrigation water as iron works
as cofactor enzymes in oxidation-reduction reactions (Rout
and Sahoo, 2015). Average PIW values were 10.57 and
11.3 kg/m® in 2019 season and 10.1 and 10.8 kg/m?® in
2020 season for Fe; and Fe, magnetic iron treatments,
respectively. Results also indicated that, the highest PIW
values of 11.83 and 11.27 kg m-3 were recorded from the
interaction between I, and Fe, treatment in the 1% and 2™
seasons, respectively. Productivity of irrigation water
(PIW) significantly affected by irrigation treatments and
application of MI. As with less water, the production is

close to the squash crop, also, the addition of iron also
increases the plant's ability to benefit from water. These
results are in line with those Abd El-Mageed et al, 2016.
Water Use Efficiency, (kg m™)

The mean values of water use efficiency (WUE) of
squash crop as affected by irrigation treatments and
magnetic iron rates are presented in Table (5). Results
indicated that, there were significant effects of the tested
treatments on WUE values. Results showed that WUE had
the same trend as PIW but with higher values than PIW.
The average WUE values were 13.11, 13.33 and 11.69
kg/m? in the 2019 season and 13.25, 12.78 and 11.02 kg/m?
in 2020 season for the 11, I, and I3 irrigation treatments,
respectively. The average WUE values as affected by
magnetic iron rates were 12.4 and 13.0 kg/m® in 2019
season and 12.11 and 12.58 kg/m? in 2020 season for Fe;
and Fe; treatments, respectively.

Effect of irrigation and magnetic iron treatments on
plant characteristics:

The mean values of plant characteristics (shoots
fresh, shoot dry weights, no of leaves/plant, and leaf
area/plant) of squash crop as affected by irrigation
treatments and magnetic iron rates are presented in Table
(6). Results indicated that decreasing the period of
depletion (I, = 50%) significantly increased plant
characters (shoot fresh and dry weights, No of leaves/plant
and leaf area/plant). But no deference between I and I, the
shoot fresh weight increased 13.4, 12.6 and 11.59 gm in
2019 season and 13.22, 12.09 and 11.15 gm in 2020 season
under 4, I and I3 treatments, respectively. The shoots dry
weights were 10.47, 9.82 and 8.83 gm in 2019 season and
10.43, 9.19 and 8.49 g in 2020 season for |1, I> and I3
treatments, respectively. The results demonstrate that
increasing period of depletion decreased the No of leaves/
plant as well as magnetic iron, 24.17, 22.83 and 20.0 in
2019 season and 23.83, 21.83 and 19.42 in 2020 season for
50, 65 and 80% depletion, respectively. With regard to leaf
area/plant, it takes the same trend in the first season it was
3.14, 2.62 and 1.97 cm? and in second season it was 3.05,
252 and 1.82 cm? for 50, 65 and 80% depletion,
respectively.

Table 6. Effect of irrigation water applied and magnetic iron application rates on shoots fresh and dry weights (g),
no of leaves/plant and Leaf area/plant (cm?) in the two growing seasons.

Plant Charact. Shoots fresh weight (g) Shoots dry weight (g) No of leaves/plant Leaf area /plant (cm?)
Treatments 2019 2020 2019 2020 2019 2020 2019 2020
Fe1 13.07 ab 1293 ab 10.14b 10.12b 23.67ab 23.33a 3.08a 302a
(1) Fez 13.73a 1352a 10.80a 10.73 a 24.67a 24.33a 3.18a 3.06a
Mean 13.40 13.22 10.47 10.43 24.17 23.83 3.14 3.05
Fe1 12.26 bc 11.81cd 9.73b 9.02¢c 22.33bc 21.00bc 2.26b 212b
(I2) Fe2 12.93 ab 12.37 bc 9.91b 9.36¢ 23.33ab 22.67ab 297a 29la
Mean 12.60 12.09 9.82 9.19 22.83 21.83 2.62 2.52
Fe1 11.34d 10.80e 8.49d 8.03d 18.67d 18.17d 187b 1.69b
(Is) Fez 11.83cd 11.50 de 9.16 ¢ 8.95¢ 21.33¢ 20.67 ¢ 207b 1.95b
Mean 1159 11.15 8.83 8.49 20.00 19.42 1.97 1.82

1;: irrigation at 50% CPE, I,: irrigation at 65% CPE, I3 irrigation at 80% CPE, Fe;: without magnetic iron application and Fe,: with magnetic

iron application

Effect of irrigation and magnetic iron application on
yield and yield components of squash:

Irrigation water depletion caused an observed
adverse action on yield and yield components. Fruit
weight, fruit length and fruit diameter were significantly

reduced with increasing period depletion (Table 7). The
highest values of the previous parameters were recorded
with low depletion (50%) irrigation followed by moderate
depletion (65 %) treatment followed by high depletion
80% in both seasons. Using irrigation depletion rates
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affected the parameters Table (7), for fruit weight it was
157.3, 147.8 and 110 g in the 2019 season, 157.0, 150.4
and 107.5 g in 2020 season under Iy, I, and I3 treatments,

Table 8. Effect of irrigation water applied and
magnetic iron application on, early and total
yield (ton fed?) and TSS%.

respectively. Fruit length it was 13.10, 11.65 and 10.83 cm Early yield Total Yield TSS
in the 2019 season, 21.87, 11.05 and 10.20 ¢cm in 2020  Treatments (tonfed?) (tonfed?) %
season under I1, I2 and Is treatments, respectively. Fruit 2019 2020 2019 2020 2019 2020
diameter it was 3.84, 2.75 and 2.48 cm in the 2019 season, Fe:  627b 610a 2243b 222b 920a 900b
3.87, 2.72 and 2.37 cm in 2020 season under Iy, I, and 1; () _Fez 680a 646a 2390a 2365a 924a 900b
treatments, respectively. Mean 654 628 2316 2293 922 900
Fei 522d 500c 2024c 1958d 9.30a 9.20ab
Table 7. Effect of irrigation water applied and () Fe, 580c 545b 2123hc 2064c 940a 9.30ab
magnetic iron application on and fruit weight, Mean 551 522 2074 2011 935 925
g, fruit length, cm and fruit diameter, cm. Fe: 394f 373e 1562e 1540f 940a 948a
Yield Fruit Fruit Fruit (I3 Fe» 470e 452d 17.71d 17.05e 950a 945a
Components ~ Weight (9.) length, cm diameter, cm Mean 432 412 1666 1622 945 946
Treatments 2019 2020 2019 2020 2019 2020 1;: irrigation at 50% CPE, I,: irrigation at 65% CPE, l5: irrigation at
Fel 1547b 1538b 1300a 1290a 383a 3.80a 80% CPE, Fe;: without magnetic iron application and Fe,: with
() Fe, 1599a 1603a 1320a 1283a 385a 393a  Magneticironapplication
Mean 1573 1570 1310 1287 384 387 N, P, K and chlorophyll contents in squash leaves: -
Feir  1426c 1486b 11.60bc 1093bc 273b 263hc Data listed in Table (9) show that the irrigation by
() __Fe2 1530b 1521b 1170b 1117b 277b 280b  depletion levels had significant effects on N, P and K % in
Mean 1478 1504 1165 1105 275 272  |eaves of squash plant in two growing seasons. That low
Fer 990e 970d 1073d 1000d 247b 230d  gepletion help plant to increase of three elements N, P and K
(s __Fe2 1210d 1180c 1093cd 1040cd 250D 243¢d i jeqyes, it was 5.15, 4.45 and 4.0% N in the 2019 and 5.08,
Mean 1100 1075 1083 1020 248 237

1:: irrigation at 50% CPE, I,: irrigation at 65% CPE, I5: irrigation at
80% CPE, Fe;: without magnetic iron application and Fe,: with
magnetic iron application

Results in Table (8) demonstrate that increaseing
the period of water depletion period significantly have
effects early and total yield of squash crop. The results in
Table (8) showed the effect of the percentage of depletion
and adding magnetic iron on the early yield and total yield
ton/fed) of squash. From Table 6 the irrigation by 50%
from depletion showed positive significant effects on total
yield and early yield of squash in the two growing seasons
as compared with another two treatments. The data showed
that early yield record that in 2019 season 6.54, 5.51 and
4.32 ton/fed, 6.28, 4.22 and 4.12 ton/fed in the 2020 season
under 14, |2 and I3 treatments, respectively. The highest total
yield of fruit occurred when low depletion by significant
defiance's. The production was 23.16, 20.74 and 16.66
ton/fed in the first season 2019, and it was 22.93, 20.11 and
16.22 ton/fed in the second season 2020. The interaction
recorded in total yield amounted by 23.9 and 23.65 ton/fed
under 50% CPE and application of magnetic iron (150 kg
Mi/fed) for 2019 and 2020 seasons, respectively, compared
with using 80% CPE depletion in the first and second
seasons, respectively. In this regard, the increase in yield
might be due to several reasons that iron works as a
cofactor for enzymes involved in a wide variety of
oxidation-reduction reactions Also, helps in many
operations in plant such as, respiration, hormone synthesis
and DNA synthesis. This function makes iron an essential
nutrient, and its deficiency causes iron chlorosis (Rout and
Sahoo, 2015). In contrast, the values of TSS% occurred
with increasing water stress by extension the depletion
percentage up to 80% (ls) treatment. The data in table (8)
presented that TSS values were 9.22, 9.35 and 9.45 % in
the 2019 and 9.0, 9.25 and 9.46% in the 2020 under Iy, 1>
and |3 treatments, respectively. But the interaction between
depletion irrigation at 80% and application of magnetic
iron isn't significant (p>0.05).

4.2 and 3.85% N in 2020 season under Iy, lo and I3
treatments, respectively. The same trend was observed with
P and K elements. Across all treatments the added magnetic
iron cusses increasing in concentrations in N, P and K
concentrations in squash leaves. As iron works as a cofactor
for enzymes involved in a wide variety of oxidation-
reduction reactions in plant (Rout and Sahoo, 2015).

Table 9. Effect of irrigation water applied and
magnetic iron application on N, P, K % in
leaves of squash in the two seasons.

N, (%) P, (%) K. (%)
Treatments — 010" 2020 2019 2020 2019 2020
Fe: 500ab 496a 054a 050a 480a 479a
() Fe, 530a 520a 056a 052a 504a 458a
Mean 515 508 055 051 492 482
Fe: 430cd 410D 040C 039DbC 400bc 3.94b
() Fe, 460bc 430b 044b 042b 425b 405b
Mean 445 420 042 041 412 400
Fe. 390d 370b 035d 034c 352d 346d
(9 Fe, 410cd 400b 039¢ 0.38bc 390c 370c
Mean 400 385 037 036 371 358

1;: irrigation at 50% CPE, l,: irrigation at 65% CPE, ls: irrigation at
80% CPE, Fe;: without magnetic iron application and Fe,: with
magnetic iron application

Table (10) shows the wvalues of chlorophyll
concentration, CAT (M mol min?g? protein) and DHAR (M
mol minig? protein) at depletion levels with magnetic
application. Results show that the chlorophyll concentration,
generally decreased with increasing water stress for two
seasons , the highest chlorophyll concentration of 46.73 and
46.0 mgdm? were recorded with the treatments 50%
depletion and 150 kg/fed MI in 2019 and 2020 respectively ,
while the minimum values of chlorophyll concentration of
37.63 and 36.93 mgdm? were recorded with the treatment
80% depletion and no MI application in 2019 and 2020
respectively. The same results obtained with those (Amer, et
al., 2009) with cucumber crop the family of squash, that
chlorophyll a and b were significantly decreased with
increasing water deficit. Water stress resulted in increment
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production of reactive oxygen radicals in plants leading to a
decrease amount of chlorophyll contents, pointing out the
degree of the oxidative damages. This reduction may be also
caused by chlorophyll biosynthesis route prevention (Lalinia
et al., 2012). Also, these increases would be ascribed to the
functional role of Fe and Zn in activation of enzymes that
complicated in chlorophyll biosynthesis route and some
antioxidant enzymes as glutathione reductase and ascorbate
peroxidase in the pathway protection of chlorophyll reduction
by the free active oxygen radicals (Ibrahim, et al., 2017).

Table 10. Effect of irrigation water applied and
magnetic iron application on chlorophyll,
mgdm2, CAT (M mol min* g* protein) and
DHAR (M mol min* g* protein).

Chlorophyll, CAT(Mmol DHAR (M mol

Treatments (mgdm?) min g* protein) mint g protein)
2019 2020 2019 2020 2019 2020

Fe: 4466ab 4421a 1075d 1290d 0.299d 0.215e

(l) Fe2 4673a 46.00a 6845e 1269d 0.259e 0.270d
Mean  45.70 4510 7897 1279 0279 0242

Fe: 4056c¢ 4030c 3655c 483.7b 0.631b 0.687b

() Fe2 4380b 4360b 3354c 4286c 0575c 0.631c
Mean 4218 4195 3504 4561 0603 0.659

Fe: 3763d 36.93d 5053a 5439a 0.697a 0.753a

() Fez 3990cd 3943c 4235b 483.7h 0676a 0.702b
Mean  38.77 3818 4644 5138 0686 0.727

1;: irrigation at 50% CPE, I,: irrigation at 65% CPE, I5: irrigation at
80% CPE, Fe;: without magnetic iron application and Fe,: with
magnetic iron application

CONCLUSION

Squash crop is one of the most important
vegetables crop in Egypt and it affected to application of
water rates. Also, summer squash is sensitive to water
stress and excessive soil water. It rooting depth is relatively
shallow, soil water has to be maintained above 50% of the
available soil water capacity in order to avoid detrimental
water. From this study it is recommended to irrigate squash
crop under Isp (50% of APE) combined with applying
magnetic Iron 150 kg/fed Ml in order to obtain higher and
fruit yield, quality and water productivity as well under the
experimental conditions.
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