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ABSTRACT
The current experiment was carried out in a clay soil at Sakha Agricultural Research Station,

Kafr El-Sheikh Governorate, Egypt during the two seasons of 2013 and 2014 to study the effect of
irrigation and potassium fertilizer forms on squash productivity and some water relations. Four
irrigation treatments: traditional irrigation (lp), irrigation according to class A pan evaporation (ly),
irrigation according to Hargreaves equation 1981, (l,) and irrigation according to Ibrahim equation

1980,

(13) were tested. Five K-fertilizer forms;100% potassium mineral fertilizer (K,), 75% potassium

mineral fertilizer and 25% rock feldspar (K5), 50% potassium mineral fertilizer and 50% rock feldspar
(K3), 25% potassium mineral fertilizer and 75% rock feldspar (K4) and 100% rock feldspar (Ks) were
tested. The important findings could be summarized as follows:

1-

The highest overall mean values of water applied (IW) and water consumptive use (CU) were
recorded under the control treatment (irrigation without any stress during the growing season,
treatment, lo) where the values were 48.89 cm (2053.5 m*fed™) and 42.44 cm for WI and CU,
respectively, but consumptive use efficiency (Ecu, %) recorded under I, had a mean value
93.44%. Irrigation with 1, I, and |5 saved irrigation water by 12.05, 20.59 and 16.75 % for IW.
The linear regression equations between irrigation water applied and K-fertilizers forms proved
that the relation between IW and CU was more reliable in the two seasons.

Productivity of irrigation water (PIW kgm™®) on fresh yield basis increased with more frequent
irrigation application, while water productivity (WP kgm™®) was the highest under I, with overall
mean value of 12.35 kgm.

Vegetative parameters (shoots and dry weight, plant height, number of leaves per plant and leaf
area) were significant for both irrigation and K-forms, as the interaction between | and K had
significant effect, except plant height and the number leaves per plant in the second season
which were non-significant. Increasing irrigation applied increased all vegetative growth
parameters.

Results also showed that irrigation water applied and K-fertilization forms had significant
effects on yield and its quality. The best combination of treatments was lo*K; with 149.5 and
160.0 g, for weight of fruit, 5.90 and 6.28 ton fed™ for total yield, 22.65 and 23.55 ton fed™,
5.58 and 5.90 ton fed™ for early yield, 15.20 and 15.60 mg100g™ fresh weight for vitamin C
and 4.92 and 4.67 % for TSS in the first and second seasons, respectively.

The values of N P K and chlorophyll content in the leaves were significantly affected by I and
K. Also, the interaction between I*K showed highly significant effect on the above mentioned
studied parameters.

Key words: Squash, water applied, K-fertilizer forms, consumptive use, water productivity.

1.INTRODUCTION food production (Fereres and Connor, 2004).

Agriculture is the largest user of freshwater, In Egypt, water share from the main
accounting for about 75% of current withdrawals ~ water source. The River Nile is limited by 55.5
(Wallace, 2000). Food production from irrigated x 10° m®/year which is not enough to meet the
systems represents ~40% of the global total and increasing demand of all sectors . About 85% of
uses only about 18% of the land area allocated to The Egyptian water consumption is used in the
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agricultural sector. The necessity to rationalize
the use of irrigation water becomes a must.
Maximizing the benefit of irrigation water by
crops is the main issue in the agricultural
sector to increase crop production in order
to narrow the food gap.

It is necessary to get maximum crop yield in
agriculture by using available water in order to
get maximum profit per unit area because
existing agriculture land and irrigation water are
rapidly diminishing due to rapid industrialization
and urban development (Eretk et al., 2004).
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. Deficit
irrigation is successful in increasing water
productivity for different crops without causing
severe yield reduction. Deficit irrigation is a
strategy that allows a crop to sustain some
degree of water deficit in order to reduce costs
and potentially increase income. It can lead to
increase in the net income where water costs are
high or where water supplies are limited (Kirda
et al., 2002).

To manage plant water stress, it is necessary
to carefully schedule irrigation which consists of
determining the amount and timing of irrigation
applications (Martin et al., 1990). There are two
main methods to schedule irrigation: (1) by
replacing crop  evapotranspiration  (ETc)
fractions according to a soil water balance by
using irrigation equations were calculated and
applied to the soil , or (2) by triggering irrigation
according to water content status of the soil and
allowable depletion levels (Hanson et al., 2000).
Irrigation schedules have important roles in
irrigation water use efficiency (IWUE) in
vegetable crop production (Zotarelli et al.,
2008).

In irrigated cropping systems, farmers tend to
avoid risk by applying excessive amount of
irrigation water in relation to crop water
requirements to ensure maximum yield (Fereres
and Gonzalez-Dugo, 2009).

Seasonal consumptive use values are useful
in scheduling irrigation, and are obtained by
summing the daily ET values in a cropped field
throughout an entire season. Peak period Cu is
particularly useful for irrigation system design,
as ET, Kc and Cu are also affected by crop type,
plant growth stage and weather conditions
(Michael, 2006)

The average water yield is about 58 billion
m® /year, or less than 500 m® per capita, thus
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indicating extreme water scarcity. Water scarcity
is both anthropogenic and due to climate
variation as analysed by Wang et al. (2006).

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.

Potassium has a significant role in all

processes needed to plant growth and
reproduction such as photosynthesis,
translocation  of  photosynthates,  protein

synthesis, and control of ionic balance, stress
tolerance and water use (Marschner, 1995)

In Egypt, farmers use large amount of K-
chemical fertilizers (as potassium sulphate) to
maximize crop Yyield. These fertilizers are
expensive and cause environmental pollution.
Natural potassium fertilizer is a low cost
resource for providing plants with K which
could alternate the expensive applied K-
chemical fertilizers. (Labib et al., 2012).

The mean source of K for plant growing
under natural conditions comes from weathering
of K minerals (k-feldspar, k-mica and illite)
(Hellal et al.,2009). K-feldspar may be available
as a slow releasing fertilizer and cheaper source
of K (Abou-el-soud, 2012 and Labib et al.,2012)

Summer squash is sensitive to, 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,
most of which are in the top of 40-50 cm of soil,
develop rapidly. Irrigation 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).

The ultimate target for the present
investigation was to supply the right amounts of
water needed for the plants, that is, plant water
consumption through determining the most
suitable irrigation and K-fertilizer programs for
squash grown under field conditions.

2. MATERIAL AND METHODS
This study was carried out in a clay soil at the
Horticultural Research field, Sakha Agricultural
Research Station, Kafr EI-Sheikh Governorate
(Middle North Nile Delta) Egypt during the two
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seasons of 2013 and 2014 to study the effect of
irrigation methods, potassium fertilizer forms
and some water relations on squash productivity.
The experimental design was a split plot
involving two factors; main treatment (irrigation
scheduling) and sub main treatments (K-
fertilizers forms).

Data presented in Table (1) show the
meteorological parameters during the studied
period, recorded from Sakha
Agrometeorological Station. The meteorological
parameters, include; air temperature(T.,C°),
relative humidity (RH.,%), wind speed (Uz,m

sec! day® at 2 m height) and evaporation pan
(Ep, mm day™).

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) and all data are
presented in Table (2).

Squash (Mabrouka, hybrid) seedlings, 18
days of 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™. Transplanting
dates were on April 18, 2013 and April 22, 2014.
The experimental plot area equals 64m® (1/65
feddan) and contains 8 ridges.

2.1. Main-treatments (irrigation scheduling)
were as follows
2.1.1.Traditional irrigation, control (direct
method), I,

The irrigation flow rate per plot was
controlled and measured till water reached the
end of the plot.
2.1.2.Class A pan evaporation method

ET,=K,*E,
As:
ETo = reference evapotranspiration, mm,
Kp = pan coefficient, values of Kp affected
with the surrounding area, where the pan is
located and it was taken as an average value
of 0.85.
Ep = daily evaporation rate, mm.
2.1.3. Irrigation according to Hargreaves et
al.,equation (1985) , (I,)

ETg= 0.0023Ra.TD?® (Ta+17.8) as:

ETo = reference evapotranspiration ,mm,

Ra = extraterrestrial radiation

TD = difference of temperature (Tmax- Tmin)
Ta = mean temperature
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2.1.4.1rrigation according to Ibrahim
equation (1981), (I,):

ET( = 0.1642 +0.8 Ep

ETo = reference evapotranspiration ,cm,
Ep = panevaporation (cm/day)
Etc = crop evapotranspiration (cm/day)

as:

-Computation of crop evapotranspiration
(ETc)

ET.=K.*ET,

The dimensionless crop coefficient, Kc is the
ratio between the water consumed by specific
crop to ET,. values of K, were quoted from
Allen et al. (1998) FAO No. 56, 1998.
2.2.Sub treatments (K-fertilizer forms)
2.2.1.100% Potassium mineral fertilizer (Ky),
2.2.2.75% Potassium mineral fertilizer and 25%

Rock feldspar (K5),

2.2.3.50% Potassium mineral fertilizer and 50%
Rock feldspar (Ks),

2.2.4.25% Potassium mineral fertilizer and 75%
Rock feldspar (K,) and

2.2.5.100% Rock feldspar (Ks)

With K-feldspar (10-12% K in phase K,0)
soil application technique, rock feldspar was
distributed and incorporated into the soil surface
before transplanting with 400 kg rock feldspar
/fed rate. Whereas with the mineral technique, K
was applied as 100 kg potassium sulphate, in
two equal doses (50 Kkg/fed. each), was
distributed and incorporated into the soil surface
before transplanting and the second dose added
at 30 days after transplanting. The tested
treatments were subjected to four replicates.
2.3.Data collection
2.3.1.Irrigation water applied (1.W)

Irrigation water was controlled and measured
by flow rates from orifice discharging is the
orifice meter and water was distributed and
maintained by spills inserted beneath the bank of
each irrigated furrows set. Applied irrigation
water quantity was determined according to
Michael (1978) as follows:

Q=CA ,/2gh
Where:
Q = Water discharge, cm®sec™
C = coefficient of discharge ranged from 0.6 up
to 0.8 or more
A = orifice cross - sectional area, cm?
g=acceleration due to of gravity,981cm sec™and
h = pressure head causing water discharge, cm
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Table (1): Means of some meteorological data at Kafr El-Sheikh area during the two

growing seasons of 2013 and 2014,
T (c°) RH (%) Pan
Months . . U2 M | Evap. Rain
Max. Min. Mean | Max. Min. Mean | Sec? | (mm mm
day™)
2013 season
April 26.04 | 15.87 | 20.96 | 74.20 | 43.90 | 59.05 | 1.11 5.30 8.40
May 31.43 | 21.85 | 26.64 | 75.03 | 45.78 | 60.41 | 1.20 6.35 0.00
June 3244 | 2397 | 28.21 | 74.63 | 51.27 | 62.95 | 1.34 6.61 0.00
July 3232 | 2431 | 2832 | 7957 | 54.70 | 67.14 | 1.28 6.11 0.00
2014 season
April 2750 | 1553 | 21.52 | 81.80 | 49.80 65.8 | 1.07 | 4.91 20.2
May 30.47 | 1957 | 25.02 | 77.20 | 48.60 | 62.90 | 1.14 | 5.87 0.00
June 32.65 | 20.60 [ 26.63 | 86.23 | 52.30 | 69.27 | 0.95 | 6.56 0.00
July 33.15 | 23.64 | 2840 | 83.19 | 55.11 | 69.15 | 1.13 | 7.73 0.00

* Source: meteorological station at Sakha 31%-07' N Latitude, 30

-57'E Longitude, N. elevation 6 m.

Table (2): Particle size distributions, bulk density, some soil-water characters and
chemical soil properties of the experimental site (mean of 2013 and 2014

seasons).
Soil Soil- water constant
layer | Particle size distribution | Textural Bulk F.C* Y Ay
centh Sand g | CI2Y il R Cot | commy | ot
0-15 1490 | 24.40 | 60.70 Clay 1.16 43.32 22.44 20.88
15-30 | 19.40 | 28.30 | 52.30 Clay 1.20 41.00 21.55 19.45
30-45 | 22.22 | 27.12 | 50.66 Clay 1.22 40.08 21.18 18.90
45-60 | 20.88 | 30.66 | 48.46 Clay 1.24 39.14 21.08 18.06
Mean | 19.35 | 27.62 | 53.03 Clay 1.20 40.88 21.56 19.32
Chemical Soil characteristics
Soluble cations, megL™ Soluble anions, megL™
P, | EC co
H o ldSm™|ca™ | Mg"™ | Na' K' |“Z°|HCO; | CI SO,~
0-15 8.15 | 244 | 450 | 480 | 1460 | 055 | - 9.10 3.40 11.95
15-30 | 8.09 | 265 | 3.40 | 590 | 17.00 | 0.26 | - 9.16 9.78 7.62
30-45 | 8.00 | 3.50 | 5.00 | 6.21 | 23.60 | 0.27 | - 12.70 | 13.75 8.63
45-60 | 7.90 | 3.49 | 6.70 | 1350 | 1450 | 0.30 | - 10.60 | 15.20 9.20
Mean | 804 | 3.02 | 490 | 760 | 1742 | 0.35 | - 10.39 | 10.53 9.35

FC* = Field capacity, PWP** = Permanent wilting point and AW*** = Available soil water

Productivity of irrigation water (PIW,Kg m™)
Productivity of irrigation water (PIW) was
calculated according to Ali et al., (2007).

PIW
Where

%

PIW = productivity of irrigation water (Kg m™),
Y= fruit yield kg fed™, and
| =irrigation water applied (m® fed™).
2.3.2.Water consumptive use

Soil moisture percentage was determined (on
weight basis) just before and 48 hrs after each

irrigation as well as at harvest to compute the
actual consumed water as stated by Hansen et al.

(1979) as follows:

Where:

CU:SMDzz ¢2—1 XprDi

i=1

4
100

CU =Water consumptive use (cm) in the
effective root zone of 60 cm soil depth
S.M.D. = Soil Moisture Depletion, cm.
i= Number of soil layer (1-4)
Di=Soil layer thickness (15 cm)
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P,=Bulk density (gm. cm™®) of the concerned soil
layer.
¢,=Soil  moisture
before irrigation and
¢, = Soil moisture percentage (mass/mass), 48
hours after irrigation.
2.3.3.Consumptive use efficiency (Ecu)

The consumptive use efficiency (Ecu) was
calculated as described by Doornbos and Pruitt
(1975) as follows:

percentage  (mass/mass)

Ecu= % x 100
Wa
Where:
Ecu efficiency % = Consumptive use
ETc = Total

evapotranspiration ~ consumptive use (m*fed™).
Wa = Water applied to the field (m*fed™).
2.3.4.Water productivity (WP, Kg m™)

Water productivity is generally defined as
crop vyield per cubic metre of water
consumption. Water productivity can be also
defined as crop production per unit amount of
water used. Concept of water productivity in
agricultural production system is focused on
producing more food using the same quantity of
water or, producing the same amount of food
with less water. Water productivity was
calculated according to Ali et al., (2007).

wp =Y/

Where:
WP= water productivity (kg m™)
Y= fruit yield (kg fed™).
ET=total water consumption of the
growing season m® fed™.

2.4.Crop Measurements and calculations

* Vegetative growth measurements

Plant height (cm)

Number of leaves per plant

Leaf area per plant (dm?)

Chlorophyll content (mgdm):
determined spectrocolorimeterically at
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 (tonfed™)

- Mean fruit weight (g)
- Vitamin C (mg/ 100 g fresh wt), and
- Total Soluble Solids (TSS %)
*Mineral content

Nitrogen (%) was determined in the digestion
product using the micro-kjeldahl method
(AOAC, 1980). Phosphorus (%) was determined
colorimetrically at 725 pum (King, 1951).
Potassium (%) was determined using a flame
photometer (Jackson, 1973). Samples were
taken at 60 days after transplanting from leaves
of the plants.

Data were statistically analyzed according to
the technique of analysis of variance (ANOVA)
as published by Gomez and Gomez (1984).
Means of the treatments were compared using
Least Significant Difference (LSD) at 5% level
of significance as developed by Waller and
Duncan (1969).

3.RESULTS AND DISCUSSION
3.1. Effect of irrigation and K-fertilizer forms
on:
3.1.1. Irrigation water applied (IW, m*fed.)
Data in Table (3) show the amount of IW
applied. Transplanted watering through complete
emergence was accompanied with an amount of

480.5 and 502.0 m" fed™ in the first and second
season, respectively for all treatments. The
average seasonal irrigation water values
amounted to 1630.5 (38.82 cm) and 2053.5 m®
fed® (48.89 cm). The increases in IW by
traditional irrigation may be due to the fact that

Table (3): Seasonal water applied m*Fed™, cm and productivity of irrigation water PIW, kgm™ .

IW (m3fed™.) IW (cm.) PIW, kg m™
Treatments 2013 2014 Overall 2013 2014 Overall 2013 2014 Overall
mean mean mean
Trad. irr. 1 50050 | 20120 | 20535 | 49.88 | 47.00 | 48.89 | 10.09 | 12.04 | 1057
Control (ly)
Pa”(f")apo' 1800.0 | 1812.0 | 1806.0 | 42.86 | 43.14 | 43.00 | 11.32 | 11.78 | 11.55
1
Harg., equ. | 16330 | 1628.0 | 16305 | 38.88 | 38.77 | 38.82 | 10.37 | 10.95 | 10.66
(1)
'br'('l ;’q“' 1700.0 | 1719.0 | 17095 | 40.47 | 4092 | 4070 | 945 | 972 | 959
3
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frequently watered plants used more water
because they found it much more easily without
suffering from water deficit. These results are in
agreement with those obtained by Ertek et al.
(2004); for summer squash who stated that if
other conditions were equal, roots of plants in
wet soil will extract more water than those
grown in the dried soil.

3.1.2. Productivity of irrigation Water (PIW,

kg m?)

The results revealed that the irrigation
amount significantly affected PIW values (Table
2). PIW values ranged from 9.45 to 11.32 kg m™
for I3 and 14 in the first season and 11.78 to 9.72
kg m’ for the same treatments in the second one.
In general, productivity of irrigation water on
fresh yield depends directly on more frequent
irrigation application.

3.1.3. Crop water consumptive use (CU)

Crop water consumptive use (CU) or crop
evapotranspiration (ET.) was computed on the
basis of water depletion from the effective root
zone of the upper 60 cm soil depth. Seasonal CU
for squash clearly was affected by both irrigation
treatments and potassium application forms in
the two growing seasons. Concerning the effect
of irrigation treatments, the highest values were
recorded under irrigation treatments I, (control)
compared with the other treatments (lj,I, and
I;). The highest mean values were 43.58 and
41.30 cm by the control and k; treatment, while
the lowest were 34.17 and 34.35 cm) by I..
These results are in agreements with Ertek et al.
(2004). Therefore, using K; (100% Potassium
mineral fertilizer), was the most efficient
potassium forms treatment under all irrigation
treatments. Regarding the interaction effect,
results in Table (4) show that the effects among
the different combinations as the lowest values
of CU were obtained in plants grown under the
lowest amount of irrigation water with
application of potassium in rock feldspar (1,Ks)
in both seasons.

3.1.4. Consumptive use efficiency (Ecuo)

Consumptive use efficiency (Ecu) is a
parameter which indicates the capability of
plants to utilize the soil moisture stored in the
effective root zone. Percentage of Ecu shown in
Table (4) show that the highest value of 93.44%
was obtained from I, (class A pan). Therefore,
by decreasing the applied water, higher amount
of irrigation water could be beneficially used by
the growing plants resulting in decreasing water
losses.
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3.1.5. Water productivity, (kg m™)

Water productivity of squash yield which
indicates the capability of one unit of consumed
water in crop production was affected by both
the water applied and the potassium fertilizer
forms (Table 4). Under traditional irrigation,
values of WP for squash as tabulated in Table
(3) can be arranged in a descending order: 12.48
> 1240 > 12.32 > 1229 > 12.25 kg m?
consumed for LL1Ks, 11K, 11K4 11K; and 11K;
treatments, respectively. On the other hand, the
least values were recorded with Ibrahim;
equation and the values can be arranged in a
descending order of: 10.85 > 10.84 > 10.58 >
10.56 > 10.52 kg m® consumed for I13Ks, 13Ky,
1sKs, 13Ks and 13K treatments, respectively.
These results are in agreement with those of Al-
Omran et al. (2005) who indicated that water use
efficiency was higher under higher water applied
conditions (100 and 120% of ETo) compared to
less water applied conditions (60 and 80% of
ETo). On the contrary, Ertek et al. (2004)
obtained the highest irrigation water use
efficiency (IWUE) values for summer squash
under the lowest irrigation conditions (45% of
Class A pan evaporation).

The linear regression equations between
irrigation water applied, cm and potassium
fertilizer forms on consumptive use, cm are
shown in Fig. (1) .These equations show that, the
relationship between applied irrigation water
guantities and consumptive use, cm is more
reliable in the two seasons.

3.2. Effect of irrigation and K-fertilizers
forms application on
3.2.1. Vegetative parameters

Data listed in Table (5) show that irrigation
water treatments caused significant effect on all
vegetable growth parameters in both summer
seasons; shoots fresh and dry weight, gm per
plant, plant height and plant leaf area had the
highest mean values under treatment I
(traditional irrigation) in comparison with 1y 1,
and l;. The mean values were 956.8 and 966.0
g., for shoots fresh weight, 171.2 and 173.2 g.,
for dry shoots weight, 66.9 and 68.9 cm for plant
height, 25.3 and 24.9 for the number of leaves/
plant and 2867.2 and 2820.8 cm® for leaf area/
plant in the first and second seasons,
respectively.

Meanwhile, the lowest mean values for the
above mentioned studied parameters were
recorded under irrigation with I (lbr. Equ.) and
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Table (4): Consumptive use (cm), consumptive use efficiency (Ecu) and water productivity
(WP, Kg m?) as affected by irrigation and K-fertilizer in both seasons.

CU (cm) Ecu (%) WP, kg m*
Overa
Treatments |\ o013 | 2014 | I | 2013 | 2014 P"era' 2013 | 2014 | Overal
mean mean
mean

K. | 4405 | 41.70 | 42.87 | 8831 | 87.06 | 87.69 | 1143 | 12.68 | 12.06

< B[ K, | 4320 | 41.00 | 42.10 | 8661 | 8559 | 86.10 | 1165 | 12.90 | 12.28
=S| Ks | 4388 | 4150 | 4269 | 87.97 | 86.64 | 87.31 | 11.47 | 12.75 | 12.11
T2 K, | 4380 | 41.38 | 4250 | 87.81 | 86.39 | 87.10 | 11.49 | 12.78 | 12.13
= S K. | 42.99 | 4090 | 41.95 | 86.19 | 85.39 | 8579 | 11.71 | 12.93 | 12.32
Mean | 4358 | 41.30 | 42.44 | 87.38 | 86.21 | 86.80 | 11.55 | 12.81 | 12.18

K, | 4068 | 4043 | 4056 | 9491 | 9342 | 9417 | 11.92 | 1257 | 12.25

S | K, | 40.13 | 40.00 | 40.06 | 93.63 | 92.40 | 93.01 | 12.09 | 12.71 | 1240
S~ K, | 4047 | 40.35 | 40.41 | 9442 | 9353 | 93.86 | 11.98 | 12.60 | 12.29
© =K, [ 4035 | 40.25 | 40.30 | 9414 | 9330 | 93.72 | 12.02 | 12.63 | 12.32
S [Ke | 39.87 | 39.70 | 39.78 | 93.02 | 92.42 | 92.72 | 12.16 | 12.80 | 12.48
Mean | 4030 | 4014 | 4022 | 94.02 | 93.01 | 9344 | 12.03 | 12.66 | 12.35

| K, | 3465 | 3490 | 34.77 | 89.76 | 90.01 | 89.89 | 11.64 | 12.16 | 11.90
S [ K, | 33.70 | 33.90 | 33.80 | 86.68 | 87.43 | 87.06 | 11.97 | 1252 | 12.25
S | K | 8350 | 34.64 | 3457 | 86.16 | 89.34 | 87.75 | 12.04 | 12.25 | 12.15
S=| K, | 3442 | 34.46 | 34.44 | 88.53 | 88.83 | 88.70 | 11.72 | 1231 | 12.1
8 | K, | 3360 | 3385 | 33.73 | 86.42 | 87.31 | 8687 | 12.00 | 1253 | 12.27
Mean | 34.17 | 3435 | 3426 | 8751 | 8859 | 88.05 |11.87 | 12.35 | 12.11

— | K, | 37.35 | 3685 | 37.10 | 92.29 | 90.05 | 91.17 | 10.24 | 10.80 | 1052
= [K, | 3618 | 3580 | 3500 | 89.39 | 87.48 | 88.44 | 10.57 | 11.11 | 10.84
S | K, | 87.20 | 36.70 | 3695 | 91.92 | 89.69 | 90.81 | 10.28 | 10.84 | 1056
® K, | 37.18 | 36.60 | 36.89 | 91.87 | 89.44 | 90.66 | 10.28 | 10.87 | 1058
£ | K, | 3630 | 3565 | 3598 | 89.70 | 87.12 | 8841 | 1053 | 11.16 | 10.85
= [Mean | 36.84 | 36.38 | 36.61 | 91.03 | 88.76 | 89.89 | 10.38 | 10.95 | 10.67

K1:100% Potassium mineral fertilizer, K,: 75% Potassium mineral fertilizer and 25% Rock feldspar, Kj: 50%
Potassium mineral fertilizer and 50% Rock feldspar, K,: 25% Potassium mineral fertilizer and 75% Rock

feldspar and Ks:100% Rock feldspar

58 k4
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Fig. (1): Correlation between irrigation water applied, cm overall potassium fertilizer on consumptive
use, cm (plant water consumption) in the two growing seasons.
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Table (5): Effect of irrigation water applied and K-fertilization forms on shoot fresh weight (g),
shoot dry weight (g), plant height (cm), no of leaves/ plant and leaf area /plant (cm?) in

the two growing seasons.

Treatments Shoot fresh Shoot dry Plant height | No of leaves/ Leaf area
weight(g) weight(g) (cm) plant Iplant(cm?)

2013 | 2014 | 2013 | 2014 | 2013 | 2014 | 2013 | 2014 | 2013 | 2014
Ky, [963.7 | 9725 | 1728 | 1740 |67.8 [69.9 |245 | 259 |2988.3 | 2872.0
2| K, |9475 /9613 | 1695|1723 |66.0 |681 |219 |241 |27588 | 27823
= E’ Kz 9750 |976.3 | 1743|1765 |68.7 |713 |253 |26.6 |3042.0 | 2933.5
}'é ] K, ]961.3 | 9638 | 1710|1735 |67.7 |684 |23.6 |249 |28815 |2810.3
3| Ks ]936.3 ]956.3 | 168.5]169.8 |645 |67.0 |21.0 |23.3 |2665.5 | 2705.8
Mean | 956.8 | 966.0 | 171.2 | 173.2 |66.9 |689 |253 |249 |2867.2 | 2820.8
K; 19188 |961.3 | 1685 |171.0 |63.3 |66.0 |21.8 |23.9 |2686.5 | 19955
S K, [890.0 |956.3 | 1655|1685 |60.9 |63.7 |20.6 |22.6 |2523.3 |1917.8
S~ Ks 931.3 | 962.5 | 169.5 | 1715 |645 |67.5 |228 |243 |2769.5 | 2040.8
o= K, |9125 /9583 |166.8|170.0 |615 |653 |20.6 |23.3 |2594.8 | 1968.5
g Ks [870.0 | 951.3 | 164.3 | 166.0 |59.9 |62.0 |19.8 | 21.8 | 2489.0 | 1882.5
Mean | 904.5 | 9579 |166.9 | 1694 |620 |649 |21.1 |23.2 |2612.6 | 1961.0
A K, [8675 |933.8 | 164.0 | 1675 |59.7 |61.8 |20.2 | 221 |22445 | 1817.8
g_i K, [8375 /9050 |1575|160.3 |56.6 |58.6 |18.9 |20.8 |?2144.0 | 17718
©® ~ K3 [890.0 |951.3 | 165.3|168.3 |61.0 |[63.0 |21.3 |228 |2394.3 |1851.7
é’ <| K, [8525 |918.4 |159.0 |1645 |57.8 [60.8 [19.3 |21.3 |2186.5 |1789.3
£ Ks |815.0 | 8975 |152.3 |158.3 |55.9 |57.0 |18.0 | 20.0 | 2052.3 | 1766.5
Mean | 8525 | 921.2 | 159.6 | 163.8 |58.2 |60.3 | 195 |214 |2204.3 |1799.4
—_ K, 8138 | 8675 | 1413|1533 |56.1 |56.0 |194 |20.8 |1977.7 | 1720.8
= K, [7950 |855.0 |1355|141.7 |539 |544 |18.0 |19.7 |1844.3 | 1684.3
g_i Kz |826.3 |890.0 | 148.0 | 158.3 |56.9 |58.2 |[19.8 |21.4 |2040.3 | 1758.5
@ K, /8050 |855.0 [137.0|148.8 |549 |549 [18.6 |20.0 |1886.3 | 1700.5
5 Ks |7788 8313 |133.3|1385 |539 |525 [17.0 |18.7 |1687.5 | 1611.0
- Mean | 803.8 | 859.8 | 139.0 | 148.1 |55.1 |55.2 |186 |20.1 |1887.2 | 1695.0
LSD 0.05 9.079 | 7.834 | 1782 | 1570 0.383 | 1.003 | 0.795 | 0.843 | 31.025 | 21.461

E II< *%* *%* *k*k *k*k *k*k *k*k *k*k *k*k **k*k **k*k

LL I*K *** *** *** *kk ** NS ** NS ** **

® g% k%*kand NS: significant at p < 0.05, 0.01, 0.0010r not significant, respectively.

Means separated at P< 0.05, LSD test.

K1:100% Potassium mineral fertilizer, K,: 75% Potassium mineral fertilizer and 25% Rock feldspar, Ksj:
50% Potassium mineral fertilizer and 50% Rock feldspar, K,: 25% Potassium mineral fertilizer and 75%

Rock feldspar and Ks:100% Rock feldspar

the mean values were 803.8 and 859.8qg., for
shoot fresh weight, 139.0 and 148.1 g., for shoot
dry weight, 55.1 and 55.2 cm for plant height,
18.6 and 20.1for the number, of leaves / plant
and 1887.2 and 1695.0 cm? for leaf area / plant
in the first and second seasons respectively.
Generally, the mean values of the above
mentioned studied parameters can be averaged

and arranged in decreasing order to Il (Trad.,)
Irr.,> I, (Pan eva.,)> I3 (Harg., equ.,)> I, (lbr.,
equ.,). These results may be due to the effect of
increasing irrigation water on increasing the
absorption of some nutrient elements (lbrahim

and Selim, 2007), which improved
photosynthetic capacity operation in leaves, and
this in turn led to enhancement of the plant
growth.

Regarding the effect of K-fertilizer forms on
these parameters the results indicated significant
effect for potassium forms under all irrigation
treatments. The highest mean values were
recorded under treatment K; (50% M K F + 50
% rock feldspar) in comparison with the other K
treatments K; K, K4 and Ks. In this concern
Asmaa and Magda (2010) found that the
vegetative growth parameters i.e. plant length,
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Fig. (2): Correlation between irrigation water applied, cm overall

potassium fertilizer on

shoots fresh weight (g), shoots dry weight (g), plant height (cm), no. of leaves/ plant
and leaf area /plant (cm?) in the two growing seasons.

and dry weight of leaves and shoots were
gradually and significantly increased by
increasing the level of potassium application
from 40, 80 up to 120 kg K2O/fed., easily
available form K.

The interaction between irrigation water
treatments and forms of potassium fertilizer

caused significant effect. Plants watered by I,
(traditional irrigation) and adding K-fertilizers
(50%: 50%) gave the highest values for fresh
and dry weight per plant. The lowest values were
recorded under I3 (lbra., equ.,) and adding K-
fertilizers (100 % Rock feldspar) and other in
between.In this connection, Brag(1972);pointed
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out that the lower water loss of plants well
supplied with K was due to a reduction in
transpiration rate, which not only depends on the
osmotic potential of the mesophyll cells but was
also controlled to a large extent by the opening
and closing of stomata.

From the above illustrated that, irrigation
water amount and potassium forms show
significant relations to all vegetative parameters;
shoot fresh weight (g), shoot dry weight (g),
plant height (cm), no of leaves/ plant and leaf
area /plant (cm®.
3.2.2.Yield and its components

For squash, the first three pickings were
considered as the early yield. This vyield
normally is assigned with the higher price. Data
presented in Table (6) reveal that increasing
irrigation water caused significant increases in
weight of the fruit, total fruit yield and early fruit

yield in the two summer seasons.

Irrigation with I, maximized squash yield and
its component with the highest value 137.9 and
147.8 gm., for weight of fruit and 5.58 and 5.90
ton fed™., for early yield and 21.14 and 22.22 ton
fed™., for total yield. On the other hand, the
lowest value 107.0 and 116.7 g., for weight of
fruit and 4.26 and 4.45 ton fed™., for early yield
and 16.06 and 16.71 ton fed™., for total yield
which yielded from the irrigation water applied
of I,.

The results obtained from this study show
that when the squash crop is given its full water
requirement, 427.3 and 407.6 mm of water is
required in the first and second seasons
respectively, but a figure of 317.28 and 316.19
mm is required when deficit irrigation resulted
in saving water of 21.72 % (= 462.0 m® fed™.)
and 19.1% (= 384.0 m® fed™.,) of the crop water

Table (6): Effect of irrigation water applied and potassium fertilization forms on fruit weight (g), early

and total yield (ton fed™), vitamin C(mg100g™ fresh wt.) and TSS%.
Treatments Fruit Early yield Total Yield Vitamin C TSS
Weight (g.) (tonfed™) (tonfed™) (mg100g™ fresh %
wt.)
2013 2014 2013 | 2014 2013 2014 | 2013 | 2014 2013 2014
K, 141.8 152.5 5.61 5.98 21.23 22.60 | 14.80 14.78 | 4.90 4.55
o K, 132.5 142.5 5.49 5.71 20.71 21.56 | 13.37 1352 | 4.75 4.05
= =1 Ks 1495 160.0 5.90 6.28 22.65 23.55 | 15.20 15.60 | 4.92 4.67
8 *E Ky, 138.3 147.5 5.64 5.84 21.33 22.04 | 14.32 14.23 | 4.83 4.23
F 8 Ks 1275 136.3 5.25 5.67 19.80 21.37 | 13.37 13.22 | 4.69 3.98
Mean | 137.9 147.8 5.58 5.90 21.14 22.22 | 14.21 14.27 | 4.82 4.30
—_ K, 131.8 1475 5.38 5.75 20.34 21.69 | 14.00 14.07 | 4.69 4.20
= K, 123.3 136.3 5.25 5.49 19.85 20.70 | 13.00 13.02 | 4.62 3.97
8_ K 136.3 152.5 5.72 6.04 21.75 22.76 | 14.97 1490 | 4.75 4.40
g K, 128.8 1425 5.49 5.58 20.69 21.05 | 13.97 14.0 4.66 4.05
S Ks 118.2 132.5 5.08 5.44 19.21 20.53 | 12.50 12.92 | 458 3.77
e Mean | 127.7 [ 1423 |[538 |[566 |20.37 |2135 |13.69 | 13.78 | 4.66 4.08
K 124.3 137.5 4.50 4.80 17.00 18.09 | 13.15 13.25 | 451 4.00
S K, 114.3 125.0 4.39 4.58 16.59 17.26 | 12.13 12.02 | 4.32 3.90
g -~ K 128.3 143.8 4.82 5.03 18.18 18.97 | 14.40 14.45 | 4.56 4.10
é; = K, 118.8 131.1 452 4.68 17.08 17.65 | 12.95 13.20 | 4.45 3.83
g Ks 108.8 1225 4.20 4.54 15.83 17.13 | 11.18 11.93 | 4.26 3.40
Mean | 118.9 132.0 4.49 4.73 16.94 17.82 | 12.76 12.97 | 4.42 3.86
K, 111.3 125.0 4.23 4.49 15.94 16.95 | 12.15 12.17 | 4.14 3.88
@ K, 103.8 115.0 4.32 4.29 16.29 16.19 | 11.27 11.05 | 3.95 3.53
g_ K, 115.0 132.5 4.52 4,70 17.04 17.76 | 14.3 13.57 | 4.22 3.95
@ K, 107.3 121.3 4.24 4.48 16.01 16.57 | 12.17 12.20 | 4.05 3.45
E: Ks 97.5 107.5 3.98 4.27 15.02 16.08 | 10.85 10.35 | 3.79 2.75
- Mean | 107.0 116.7 4.26 4.45 16.06 16.71 | 12.15 11.87 | 4.03 3.51
LSD 0.05 3.462 4.272 0.165 | 0.002 | 0.185 0.017 | 0.420 0.319 | 0.032 0.136
I *k*k *k*k *kk *k*k *k*k *Kk*k *k*k *k*k *kx *k*k
LL I*K NS NS NS * NS * *k*k *Kk*k *kx *%x

*, %% %% apnd NS: significant at p < 0.05, 0.01, 0.0010r not significant, respectively. Means separated at P< 0.05, LSD test.

K1:100% Potassium mineral fertilizer, K,: 75% Potassium mineral fertilizer and 25% Rock feldspar, Ks: 50% Potassium mineral

fertilizer and 50% Rock feldspar, K,: 25% Potassium mineral fertilizer and 75% Rock feldspar and Ks:100% Rock feldspar
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requirement is applied in the two seasons with a
reduction in fresh yield (=19.8% and 19.8%)
compared with the local or traditional irrigation.
These findings are in agreement with those of
Amer (2011) who found that squash yield, fruit
weight, were significantly decreased by the
reduction of applied irrigation water. Ertek et al.
(2004) concluded that irrigation quantities had
significant effects on yield and yield components
of summer squash and relationships between the
yield and yield components with irrigation water
amount were positively linear. Dogan et al.
(2008) and Cabello et al. (2009) on melon
revealed that decreasing irrigation intervals
caused significant increases in total fruit yield
and marketable yield in the two summer seasons.

Data in Table (6) revealed that irrigation
treatments had little effect on V.C. Irrigation
with traditional irrigation (ly), maximized V.C.
with the highest values of 14.21 and 14.27
mg100g™ fresh wt. On the other hand, the least
values of 12.76 and 12.97 mgl100g™ fresh wt.
were obtained from irrigation water applied
depending upon Ibrahim equation.

Data in Table (6) indicated that TSS% was
significantly influenced due to water applied.
The highest TSS% (4.82 and 4.30%, in 1% and
2" seasons) were obtained with traditional
irrigation, respectively. Total soluble solids%
tended to decrease when irrigation water
decreased and the lowest values (4.03 and
3.51%, in the 1% and the 2" seasons) were
recorded under I (Ibra., equ.,).

K-fertilizer forms had significant effects on
yield and its quality. However, the significantly
high values were achieved with K3 (50% mineral
and 50% feldspar rock) under all irrigation
treatments. Yield and quality exhibited lower
values under other K-fertilizers forms and can be
arranged in this descending order: Ks> K> K>
K»> Ks under different irrigation treatments. In
this study, the application of multiproduct
increased vegetative growth parameters, yield
and its components of squash plant. This
positive effect may be by providing more
nutrients of potassium for the plants which
reflected on different plant physiological
process. K is essential for photosynthesis and
translocation of photoassimilates (Barker and
Pilbeam, 2000).

Regarding the interaction effect between
irrigation and K-fertilization treatments, it is
clearly noticed that plants irrigated  with
traditional irrigation and fertilized with K3(50%
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mineral and 50% feldspar rock ) in most cases
produced the maximum weight of fruit, early
and total yield per fed, vitamin C (mg100g™
fresh wt.) and TSS%.in both seasons.

Data in Fig. (3) and the concomitant
equations reveal that yield and its components
are positively correlated with irrigation water
amounts and adding potassium forms. The
correlation coefficient values were 0.7359,
0.6751, 0.9235, 0.9146, 0.9233, 0.9102, 0.8404,
0.7036, 0.6668 and 0.6967 for fruit weight(g.),
early and total yield (ton fed™), vitamin C
(mg100g™ fresh wt.) and TSS% in the first and
second seasons, respectively.
3.2.3.N, P, K and chlorophyll contents in

squash leaves

Data tabulated in Table (7) showed that
irrigation treatments had a high significant effect
on N, P, K and chlorophyll contents in plant
leaves. The highest mean values were recorded
under irrigation treatment I, (Trad. Irrg,) and the
values were 3.90 and 3.86% for N, 0.44 and 0.49
% for P, 3.46 and 3.38% for K and 41.21 and
42.69 mg dm™ for chlorophyll in the first and
second seasons respectively. On the other hand,
the least mean values for the abovementioned
studied parameters were recorded under
irrigation treatment I3 (lbr., equ.,) and the values
were 2.94 and 3.12% for N, 0.32 and 0.37 % for
P, 3.15 and 3.09% K and 29.56 and 28.71 mg
dm? for chlorophyll in the first and second
seasons, respectively. Generally, the mean
values for N, P,K and chlorophyll contents can
be descended in order lo> 1, > I, > |5 . Increasing
the mean values of N,P and K in the leaves
under irrigation I, might be due to increasing
amount of water applied, consequently,
increasing solubility of this nutrients and hence
their uptake by plants from the soil. For
chlorophyll content, it takes the same trend
because Iy increased nutrients uptake by plants
leading to increasing plant canopy and hence
increasing exposed area of the leaves to sunlight
which led to increasing chlorophyll content.
These results are in agreement with those of
Lessani and Mojtahedi (2002)who reported that
water deficit can destroy the chlorophyll
resulting in a decreased capacity for light
harvesting.Moreover,Herbinger et al. (2002)
stated that degradation of the absorbing
pigments negatively affected the production of
reactive oxygen species which are mainly driven
byexcess energy absorption in the photosynthetic
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Fig. (3): Correlation between irrigation water applied, cm overall potassium fertilizer forms on fruit
weight (g.), early and total yield (ton fed™), vitamin C(mg100g™ fresh wt.) and TSS%.

apparatus, and Martinez-Ballesta et al. (2010)
who reported that one of the environmental
stresses affecting mineral content is drought.

Regarding K-fertilization forms, they showed
a highly significant effect on N,P, K and
chlorophyll contents in the leaves of the plants,
the highest mean values for these studied
parameters were recorded with K3 (50% minera
| and 50% feldspar rock) under all irrigation
treatments. N P K and chlorophyll exhibited
lower values under other K-fertilizer forms and
can be arranged in this descending order: Kz>
Ks> K> K,> Kg under different irrigation
treatments.

In general, irrigation with 1, (control) and K;
(50% mineral and 50% feldspar rock)
application technigue interaction exhibited
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higher values of the tested attributes(N,P,K and
chlorophyll) in the two seasons of the study.
Recommendations

Although the traditional (full irrigation
method) offers considerable advantage for early
and total yield to squash crop under the arid
climate, I; (class A pan) saved about 12% of IW
with alittle negative effect on total yield about
3.5% and gave the highest WP values for
summer squash. Potassium is the nutrient
taken up by summer squash in the greatest
quantity, it is recommended that it should be
fertilized within (50% K-mineral fertilizer and
50% K-feldspar). Investigation should focus on
this issue and evaluate the efficiency of the
irrigation water and K-fertilizer forms for
summer squash production.
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Table (7): Effect of irrigation water applied and potassium fertilization forms on N,P,K % in
leaves and chlorophyll, mgdm™ of squash in the two seasons.

Treatments N P K Chlorophyll,
(%) (%) (%) (mgdm™)
2013 2014 2013 2014 2013 2014 2013 | 2014
K; [39%4 3.90 0.44 0.46 3.52 3.41 42.79 44.92
= =| K, |388 3.82 0.44 0.49 341 3.32 39.74 40.88
= § Kz ]398 3.92 0.45 0.54 3.63 3.58 44.53 46.24
§ e Ksg [390 3.86 0.44 0.50 3.42 3.30 40.83 41.96
FS| Ks [382 3.81 0.43 0.45 3.34 3.27 38.18 39.44
Mean | 3.90 3.86 0.44 0.49 3.46 3.38 41.21 42.69
K, 383 3.82 0.42 0.44 3.39 3.31 35.94 38.77
=3 K, [376 3.79 0.40 0.43 3.31 3.25 32.01 35.97
S~ K 3.86 3.84 0.43 0.45 3.41 3.36 38.71 41.09
o= K4 [379 3.80 0.41 0.44 3.36 3.29 33.93 37.40
g Ks |3.69 3.77 0.40 0.42 3.30 3.22 31.35 34.83
3.79 3.80 0.41 0.44 3.35 3.29 34.39 37.61
A K, 212 3.76 0.38 0.41 3.37 3.24 30.95 33.68
g K, [342 3.66 0.36 0.40 3.30 3.20 29.72 30.49
® ~| Kz [3.70 3.79 0.39 0.42 3.40 3.27 32.46 34.59
é | K, [352 3.71 0.37 0.41 3.34 3.22 30.42 31.94
£ Ks |331 3.61 0.35 0.40 3.28 3.16 29.38 29.58
3.21 3.71 0.37 0.41 3.34 3.22 30.59 32.06
—_ K, |314 3.33 0.33 0.38 3.32 3.19 30.28 29.39
= K, |272 2.92 0.32 0.36 2.99 3.07 28.67 27.75
g Ks; [3.26 3.47 0.34 0.39 3.34 3.23 31.49 30.05
@ K, 299 3.07 0.32 0.37 3.24 3.11 28.77 28.81
= Ks |259 2.79 0.30 0.34 2.87 2.83 28.59 27.57
" 2.94 3.12 0.32 0.37 3.15 3.09 29.56 28.71
LSD 0.05 0.562 0.057 0.002 |0.029 |0.0462 |0.046 | 0.903 1.104
- I **k* **k*k *kx **k*k *kx **k*k *k* *k*
§ K * **k* *kx **k* *kx **k* *kx *k*x
LL I *K ** **k* **kx * *kx **k* *kx *kx

*, ** *** and NS: significant at p <0.05, 0.01, 0.001or not significant, respectively. Means separated at P< 0.05, LSD test.
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