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HIS EXPERIMENT was performed during two successive seasons, 2015/2016 and

2016/2017, at a private farm in the El-Baharia Oasis area, Giza Governorate, Egypt, to
study the effect of different irrigation systems (deep drip (DIS), micro jet (MIS), bubbler (BIS))
and applied irrigation water levels (IR: 100,85,70%) under mulched soil (MS) and un-mulched
soil (UMS) and to determine the marketable yield (MY), crop quality parameters, actual
evapotranspiration (ETa), water-use efficiency (WUE), irrigation water-use efficiency (IWUE),
yield response factor (Ky) and actual crop coefficient (Kca) for date palm trees (Phoenix
dactylifera L.). The experimental design was a split-split plot design with three replicates. The
results showed that the MY and studied quality parameters (except the total soluble solid (TSS)
content) of the date palm fruits were highest under the DIS, IR=100% and MS treatment for
both seasons. For the 1%and 2™seasons, the lowest seasonal ETa values were 564.41 and 526.78
mm, respectively under the DIS, IR=70% and MS treatment;the maximum date palm fruit
WUE and IWUE were 3.22 and 1.55 kg m>and 3.61 and 1.62 kg m?, respectively under the
DIS, IR=70% and MS treatment; the minimum Ky for date palm fruits was 0.16 and 0.12,
respectively under the DIS, IR85% and MS treatment; and the minimum seasonal Kca values
for the initial (I), development (D), mid-season (M), and late-season (L) growth stages were
0.29,0.17, 0.28, 0.18 and 0.23 and 0.29, 0.15, 0.25, 0.14 and 0.21, respectively under the DIS,
IR=70% and MS treatment. This study concluded that the cultivation of date palm trees under
the DIS, IR=70% and MS treatment could save approximately 38% of the IR and increase the
MY of date palm fruit by approximately 20 and 22% for the 1* and 2"seasons, respectively,
compared with the control treatment (BIS, IR=100% and UMS).

Keywords: Date palms, Actual evapotranspiration, Water-use efficiency, Irrigation water-use

efficiency, Yield response factor

Introduction

Date palms are highly tolerant to water and
temperature stress, which affects the quantity and
quality of the crop (Anon, 2002).The maximum
growth parameters and marketable yield (MY)
for date palm fruit have been recorded at 100%
crop evapotranspiration (ETc), followed by 75%
ETc and 50% ETc, which may be because water
applied at 100 % ETc is sufficient for crop water
requirements while the other amounts were
not (Ibrahim et al., 2012). The application of a
subsurface drip irrigation system increased the
MY of date palm fruit by approximately 163
kg/palm, with a decrease in water consumption
compared with surface drip irrigation of 120
kg/palm (Al-Amoud, 2006).California desert
areas have illustrated that deep drip irrigation

systems (DIS) can be highly efficient compared
to surface drip or traditional surface irrigation.
The DIS recorded more than twice the vine
weight of the surface drip irrigation and a six-fold
increase compared with that of traditional surface
irrigation under conditions in Africa. Roots
extended horizontally by 0.60 munder a surface
drip irrigation system, by Im with traditional
surface irrigation and by 1.75 m with the DIS
(Bainbridge, 2006). A modern study of mature
date palm trees detected that the subsurface drip
irrigation system increased yield productivity
and reduced the need for added irrigation water
compared with surface drip irrigation methods.
In addition,the water-use efficiency (WUE)
for date palms achieved significant increases
using subsurface drip irrigation (Al-Amoud
and Al-Saud, 2011).The results showed that
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drip irrigation systems produce a greater water
distribution of approximately 97% compared with
the bubbler irrigation system (BIS), which has a
distribution of approximately 62% when applied
for date palm irrigation (Al-Amoud, 2008). In the
case of mulched soil (MS), the moisture content
decreased by approximately 95% at a depth of 10
cm, 83% at 5 cm and 52% at 2 cm (Diaz et al.,
2005). This study concluded that the soil moisture
content in the surface layer (0-60 cm) of MS was
higher than that of bare soil (Ramakrishna et al.,
2000).

Mulching can effectively reduce soil surface
evaporation, limit the growth of weeds and control
salt accumulation in the soil profile (Terasaki et
al., 2009).Under drip and flood irrigation systems,
the annual actual evapotranspiration of date palm
is approximately 55 and 137 m’/tree in the Eastern
region, respectively and approximately 78 and 195
m?/tree in the central region, respectively (Alazba,
2004). In the Kingdom of Saudi Arabia,the
seasonal actual evapotranspiration for date palm
trees was approximately 1644 mm,whereas the
crop coefficient (Kc) was approximately 0.56 to
0.70 (Kassem, 2007).The actual crop coefficients
(Kca) for all treatments were lower than the the
oretical Kc values mentioned by the FAO. MS
reduced the Kc values compared with un-mulched
soil (UMS)(El-Nady and Borham, 2009).The
accuracy and clarity of the crop coefficient model
are largely dependent on empirical estimates,
including time variations in the crop coefficients
during the growing season, the salinity of the
irrigation water and the status of water within the
plant. These differences lead to crop coefficients
that are not always accurate (Bhantana and
Lazarovitch, 2010).

The Kca of date palms in Jordan ranged from
0.50 to 1.18, indicating that this value was not
constant across the growing season. The Kca is
calculated based on the actual evaporation for
various stages of growth (Mazahrih et al., 2012).
The yield response factor is an indicator of
whether the crop is tolerant to water stress. The
yield response factor is larger than unity and the
expected yield ratio decreased with increasing
deficit evapotranspiration (Kirda et al., 1999a).
The yield response factor (Ky) is the coefficient
used to indicate crop sensitivity to a water deficit
at any growth stage, and it is commonly used
in irrigation management (Steduto et al., 2012).
The WUE can be increased through effective
irrigation methods, such as drip irrigation.
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Because of increasing water poverty, the use of
water for agricultural production must be reduced
via innovation research and modern technology
transfers (Al-Zahrani et al.,, 2011; Atta et al.,
2011).This study aimed to investigate the effect
of irrigation systems and applied irrigation
water (IR) levels in MSand UMS on the crop
production, growth parameter quality, actual
evapotranspiration, WUE, IWUE,Ky and Kcas.

Materials and Methods

Experiments

Field experiments were performed in El-
Baharia Oasis, Giza Governorate, Egypt, at (28°
19 10" N: 28° 57°35"°E. 130 m a.s.l.) during the
seasons 2015/2016 and 2016/2017. In a split-split
plot design with three palm trees as the replicates,
date palm trees were planted with 7.0 m spacing
between rows and 7.0 m spacing between trees,
and the age of the palm trees was 8 years. The
obtained data were subjected to a statistical
analysis according to Snedecor and Cochran
(1989) using the Co-state software program.
Figure 1 shows the date palm trees (Phoenix
dactylifera L.). Semi-dry dates of the Siwy variety
were irrigated using three IR conditions (IR=100,
85 and 70% of ETc), and three irrigation systems
(DIS, micro jet irrigation system (MIS) and BIS)
in MS and UMS were studied, with plastic sheets
placed around the palm.

The length (L) cm, diameter (D) cm, moisture
content (MC) %, total soluble solid (TSS)
content, total protein (P) %, total sugar (TS)%,
fruit weight (FW) g, yield per palm (YP) kg and
MY in Mg/ha were determined for the date palm
fruits. The actual evapotranspiration (ETa) mm,
water-use efficiency (WUE) kg m?, irrigation
water-use efficiency (IWUE) kg m?, Ky and Kca
were calculated with various IR conditions for
irrigation systems with MS and UMS for all date
palm tree plots.

Soil characteristics

Soil samples were collected to determine
the physical and chemical soil characteristics.
The methodological procedures followed the
methods described by Page et al. (1982) and
Klute (1986) as shown in Tables 1&2.

Quality of irrigation water

Chemical analyses of the irrigation water
were performed according to the methods
described by Ayers and Westcot (1994) and are
presented inTable 3.
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TABLE 1. Physical characteristics of the experimental soil
Soil Particle size distribution %
Textural OM P, Ks FC WP AW
depth M. .
C. sand and F. sand Silt Clay class % g/cm3 cm/h % % %
(cm)
0-20 432 2415 61.71 524 458 052 1.52 1242 1356 391 9.65
20-40 3.87 2391 60.58 6.19 545 045 1.56 13.19 12.74 347 927
40-90 3.21 2349 60.06 693 631 S 039 1.61 1336 1238 329 9.09
C=coarse; M=medium; F=fine
TABLE 2. Chemical characteristics of the experimental soil
= ~ . - Soluble ions (meq/l) in saturated soil paste extract
2. E = -
% g 170] = O a 2 + - ' i
=2 & = Q O % o 9 3 L, — =l & 5
@ 8 ) 5} z Q = © cm) @} )
0-20 4.69 7.48 6.51 8.15 21.43 2.01 13.17 10.29 1934  2.87 - 24.69
20-40  4.57 7.53 4.95 8.29 20.27 1.93 12.89 9.61 18.61 2.35 - 23.74
40-90  3.93 7.61 3.37 8.41 18.51 1.19 11.64 896 1689  2.04 - 21.37
Deep drip irrigation (DIS)
IR=85% / ”’T"f :ff”lﬁ'»“ e B ﬁ wﬁ
g ! | Date palm trees
= 3 3 e Tm B
IR=100%| | 7T° e e 7 E irrigated using  three
N : deep drip stakes (Model
IR=70% :rf‘r*f rf“r’»" rﬁlw e E No.ADD36)at a depth
> { of36”  (90cm)  and
pressureof 1 bar
Micro jet irrigation (MIS) —
wewood ("2 T oot ?ﬁ
g LI LI LI N
e e s i g i
IR=70% | | &ls & o == % F ﬁé % f \\ Date palm trees
b '“YA' L{J J irrigated using 2 micro
IR=85% | | 3% 25 2R 1 25 75 785 jets at  180°(Model
g LI LIAL | / No.MS8016)(flow rate
— 115 I/h at an
Bubbler irrigation (BIS) operatingpressure  ofl
R=70% | [ e e A | A A e\
o R A A e e e e o |
— P P P e e S e \
IR=85% i el - i < “1' (H \ Date palm trees
vy U L irrigatedusing 2
IR=100% | 7% 7& & | & & IS bubblers180°(Model
B S L B H—H—@ No.8206B) (flow rate
120 /h at pressure of 1
® Un-mulched soil (UMS) Mulched soil (MS) bar) placed in tree

Fig.1. Field experiment layout in El-Baharia Oasis

round base, 50 cm from
palm stem.
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TABLE 3. Chemical analysis of irrigation water

EC Soluble cations, meq/l Soluble anions, meq/l
Sample pH SAR
dS m! Na* K  Ca* Mg CL- HCO, €O~ SOS
Mean 793 0,47 195 201 0.56 0.78 1.35 2.3 1.73 - 0.67
Reference evapotranspiration (ETo) Crop evapotranspiration (ETc) .
The reference evapotranspiration (ETo) shown in The ETc shown in Table 5 was calculated using

the following equation:

ETc=KcFAO.ETo (mmperiod-1) (Allen et al.1998)
where KcFAO is the crop coefficient from
FAO No.(56); and ETo is the reference crop
evapotranspiration, mm period-1.

Table 4 was calculated using the Penman-Monteith
equation FAO 56 method (Allen et al., 1998).

TABLE 4. Calculated reference evapotranspiration (mm day’) over the date palm tree growth period

Month Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb

ETo mm
day!

520 695 805 884 802 747 650 515 3.55 279 287 3.89

TABLE 5. Calculated crop evapotranspiration (ETc, mm)over thedate palm tree growth period

Stage Initial Develop. Mid Late Seasonal
Planting date 13t028/7  29/7t01/9  2/9t029/1  30/1 to 28/2 1/3 1o 2872
Period length (day) 150 35 150 30 365
Ke,,, () 0.80 0.90 1.00 080 T
ETo (mm) 1109.01 262.13 624.37 114.66 2110.17
ETc,,,, (mm) 887.21 235.92 624.37 91.73 1839.23
Eff. Rainfall (mm) 2 0 1 1 4
Applied irrigation water IR db represents the specific density of soil.

The amounts of IR for the date palm trees

. . D ts th th .
shown in Table 6 were calculated using the represents the mean depth, mm

following equation: *  Water-use efficiencyWUE=MY/ETa (kg m-3)
(Howell et al., 2001)

IR 100, 85, 70% = (ETc-pe)Kr/Ea)+LR (mm where MY represents the marketable yield of date

period-1) palm trees, (kg ha-1).

(Keller and Karmeli, 1974) + Irrigation water-use efficiency IWUE=MY/IR
. (kg m-3) (Michael, 1978)

where Kr represents the correction factor for where IR represents the seasonal applied irrigation

limited wetting based on the percent coverage by water (m3) (Table (6)).

canopy at 70%, where Kr=0.80 (Smith, 1992).

Ea represents the irrigation efficiency for the * Yield MY response ETfactor (Ky)

bubbler, micro jet and deep dripper (80,85 and [— =K, |:1_ ! :I

90% respectively) (Allen et al., 1998). Ym ETm

Pe represents the effective rainfall, 4 mm season-1. * (Allenetal., 1998)

LR represents the leaching requirements, under where ETarepresents theactual evapotranspiration,

salinity levels of irrigation water (0.02 x ETc), mm season-1.

mm. o
ETm represents the crop evapotranspiration

e Actual evapotranspiration ETa=(M2%— (without stress), mm season-1.

M1%)/100.db.D  (mm) (Doorenbos and Ym represents the maximum yield at IR100 %, t h-1.
Pruitt, 1984)
where M represents the moisture content after * Actual crop coefficient(Kca)=ETa/ETo (Allen
irrigation, %. et al.,1998)

MI1 represents the moisture content before
irrigation, %.
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TABLE 6. Calculated applied irrigation water (IR) in mm over the date palm tree growth period
Applied Irrigation Water (mm)
IR
IS Growth Stages
(%)
Initial Development Mid Late Seasonal
100 904.58 241.07 637.00 92.73 1875.38
Bubbler 85 768.89 204.91 541.45 78.82 1594.07
70 633.21 168.75 445.90 64.91 1312.77
100 852.50 227.19 600.33 87.39 1767.41
Microjet 85 724.63 193.11 510.28 74.28 1502.30
70 596.75 159.03 420.23 61.17 1237.18
100 806.22 214.85 567.74 82.65 1671.46
Deep drip 85 685.29 182.62 482.58 70.25 1420.74
70 564.35 150.40 397.42 57.86 1170.03

Results and Discussion

Effect of IR and irrigation systemunder the
MS and UMS treatments on the studied quality
parameters of date palm fruits

The data in Fig. 2, 3, 4 and 5 showed
that the studied quality parameters L(cm),
D(cm),MC(%),P (%) and TS (%) increased as
the IR increased for all treatments,whereas the
TSS (%) decreased with increasing IR. The data
revealed the significant superiority of the DIS
compared to the BIS and MIS for all treatments.
In addition,the MS near the date palm trees had a
clear effect on all treatments. The results recorded
the same trend for both seasons (2015/2016 and
2016/2017). The highest L, D, MC, P and TS
values were 4.15 c¢cm, 2.23 cm, 23.75%, 2.08%
and 56.49% for the 1* season, respectively, and
4.31 cm, 2.31 cm, 24.79%, 2.11% and 57.75%
for the 2™ season, respectively, whereas the TSS
values were 39.04 and 40.29% for the 1* and 2™
seasons, respectively under the DIS, IR=100%
and MS treatment. The lowest L, D, MC, P and
TS values were 2.85 cm, 1.26 cm, 12.73%, 1.09%
and 28.95% for the 1% season, respectively and
2.93 cm, 1.29 cm, 13.45%, 1.12% and 30.78% for
the 2" season, respectively, whereas theTSS values
were 67.96 and 69.73% for the 1* and 2™ seasons
under the BIS, IR=70% and UMS treatment.
These results are consistent with the findings of
Bainbridge (2006) and Ibrahim et al. (2012).

Moreover, Fig. 2 and 3 indicate that significant
positive correlations occurred between the IR (mm)
and studied quality parameters of the date palm
fruits for season 2015/2016 (except for TSS). For
all irrigation systems (DIS, MIS and BIS) under
the UMS treatment, positive correlations were
observed for L (r=0.982**, 0.995** and 1.000%**),
D (r=0.990**, 0.999** and 1.000*%*), MC
(r=0.978**, 0.996** and 0.999**), P (r=0.985*%*,
0.997*%* and 1.000**) and TS (r=0.979%**, 0.995%**
and 1.000%*),whereas negative correlations were

(r=0.964%*, 0.944** and 1.000**), P (r=0.965%%*,
0.919** and 1.000**) and TS (r=0.969**, 0.942**
and 1.000**), whereas negatively correlations
were observed for TSS (r=-1.000**, -0.998** and
-0.976*%*).

Figures 4 and 5 showed that the relationships
between IR (mm) and the studied quality
parameters of the date palm fruits for season
2016/2017were the same for all irrigation systems
(DIS, MIS and BIS) under the MS and UMS
treatments.

Effect of IR and irrigation systemunder the MS
and UMS treatments on yield production of date
palm fruits

The data in Fig. 4, 5, 7 and 8 show that the
FW(g), YP(kg) and MY(Mg/ha) for the date
palm fruits increased with increasing IR for all
treatments. The data revealed that the DIS was
significantly superior to theBIS and MIS for all
treatments. In addition, the MS near date palm
trees had a clear effect on all treatments. The same
trend was achieved for 2015/2016 and 2016/2017.
The highest values of FW, YP and MY were 13.80
g, 102.16 kg/palm and 20.84 Mg/haand 13.98 g,
105.29 kg/palm and 21.48 Mg/hafor the 1% and
21 seasons, respectively, under theDIS, IR=100%
and MS treatment, whereas the lowest values
were 5.31 g, 48.45 kg/palm and 9.88 Mg/haand
541 g, 51.67 kg/palm and 10.54 Mg/ha for the
I** and 2 seasons, respectively, under theBIS,
IR=70% and UMS treatment. These results
may be attributed to the soil water distribution
under the DIS, which was superior tothat of the
other systems.In addition to mulching, the soil
effectively preservedthe soil moisture content,
and these results are consistent with those of
Ramakrishna et al. (2006),Al-Amoud (2006)and
Al-Amoud (2008).
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Fig. 2. Correlations between the applied irrigation water (IR) (mm/season) and fruit quality parameters for date
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Fig. 3. Correlations between the applied irrigation water (IR) (mm/season) and fruit quality parameters for date
palms with various irrigation systems under the mulched and un-mulched soil treatments for 2016/2017
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Moreover, Fig. 4 and 7 show that in season
2015/2016,significant ~ positive  correlations
occurred between IR(mm) andthe FW (1=0.975%%*,
0.996** and 1.000**) and YP and MY (1=0.995*%*,
1.000** and 1.000**) for all irrigation systems
(DIS, MIS and BIS, respectively)under the
UMS treatment and between IR (mm) and FW
(r=0.976**, 0.954** and 1.000¥*) and YP
and MY (r=0.985** 0.972** and 1.000%*¥)
for all irrigation systems (DIS, MIS and BIS,
respectively)under the MS treatment.

In addition, Fig 5 and 8 show that in season
2016/2017, the sameresults were observed
between IR(mm) and the above yield production
factors of date palm fruits for all irrigation
systems (DIS, MIS and BIS)under the MS and
UMS treatments.

Effect of IR and irrigation systemunder MS and
UMS treatments on ETaof date palm fruits

The data in Fig. 6, 7 and 8 show that the
ETa(mm) values for date palm fruits decreased
as the IR decreased for all treatments. In
addition,the ETa of the DIS under the MS
treatment decreased compared with that of the
other treatments. The ETa of the growth stages
decreases as follows:initial (I) > mid-season (M)
> development (D) > late-season (L). The lowest
ETa values for the I, D, M, L growth stageswere
321.96, 45.09, 176.82, 20.54 and 564.41 mm
and317.11, 39.58, 153.95, 16.14 and 526.78 mm
for the 1% and 2"seasons,respectively, under the
DIS, IR=70% and MS treatment, whereas the
highest ETa values forthe same growth stages
were 702.37, 187.53, 465.91, 79.75 and 1435.56
mmand 690.56, 178.38,454.32,72.53 and 1395.79
mmthe 1% and 2™ seasons, respectively,under
the BIS, IR=100% and UMS treatment. These
results may be attributed to the effects of theDIS,
water stress and soil mulch, which alleffectively
reducedthe soil surface evaporation.These
results areconsistent with those of Alazba(2004),
Kassem(2007) and Terasaki et al.(2009).

Moreover, Figure 7 indicates that significant
positive correlations occurredbetween the IR(mm)
and seasonal ETa of date palm fruits (r=0.896*%*,
0.954** and 0.951** and r=0.968**, 0.945** and
0.950**) for season 2015/2016 withall irrigation
systems (DIS, MIS and BIS, respectively)under
the UMS and MS treatments, respectively.
Figure 8shows that the same correlations were
observed between the IR (mm) and seasonal ETa
in 2016/2017for all irrigation systems (DIS, MIS
and BIS)under the MS and UMS treatments.
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Effect of IR and irrigation system under the MS
and UMS treatments on the WUE and IWUE of
date palm fruits

The data in Figures 7 and 8show that the
highest WUE and IWUE for date palm fruits were
3.22 and 1.55 kg m* and3.61 and 1.62 kg m™ for
the 1** and 2"seasons, respectively, under the DIS,
IR=70% and MS treatment.The lowest values
were 0.84 and 0.75 kg m?and 0.91 and 0.80 kg m**
for the 1% and 2" seasons, respectively, under the
BIS, IR=70% and UMS treatment. Meanwhile,
the WUE and IWUE values under theDIS,
IR=70% and MS treatment increased significantly
by approximately204 and 92%and 222 and 95%
for the 1 and 2" seasons, respectively, compared
withthe control treatment (BIS, IR=100% and
UMS). These results may be attributed to the
effects of deep drip irrigation and soil mulch,
whichled to increasedMY's with decreased water
consumption.These results were similar to those
reported byAl-Amoud and Al-Saud(2011), Al-
Zahrani et al.(2011) and Atta et al.(2011).

Effect of IR and irrigation system under MS and
UMS treatments on date palm Ky values

The data in Fig. 9 show that the Ky for date
palm fruits presents a linear relationship between
the relative reduction in actual evapotranspiration
1-(ETa/ETmax) and the relative reduction in yield
1-(Ya/Ymax). Significant positive correlations
were observed between 1-(ETa/ETmax) and
1-(Ya/Ymax) for season 2015/2016 with Ky
(r=0.847*%, 0.952** and 0.945** and r=0.909**,
0.842** and 0.952*%*) for all irrigation systems
(DIS, MIS and BIS, respectively)under the UMS
and MS treatments respectively. Fig. 9 also shows
that the same correlations were observed for
season 2016/2017 for all irrigation systems (DIS,
MIS and BIS)under the MS and UMS treatments.

Figure 10 also shows that the Ky for date
palm fruits decreased as the IR increased in
all irrigation systems under the MS and UMS
treatments. The lowest values of Ky for date
palm fruits were 0.16 and 0.12 for the 1% and 2™
seasons, respectively, under the DIS, IR=85%
and MS treatment.The maximum values
were 1.95 and 1.89 for the 1% and 2" seasons,
respectively, under theBIS, IR=70% and UMS
treatment. These results may be attributed to
date palm trees’high tolerance for water and
temperature stress.These results are consistent
with the findings of Kirda et al. (1999a) and
Steduto et al. (2012).
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Effect of IR and irrigation system under the MS
and UMS treatments on theKca for date palm
fruits

The data in Fig.11 show that theKca for date
palm fruits decreasedas the IR decreased for all
treatments. In addition,under the DIS and MS
treatment, theKca decreased compared with that
of the other treatments. The Kca values decreased
with the growth stages as follows:M>D>I>L.
The lowest Kcavalues for the I, D, M, L growth
stages were 0.29, 0.17, 0.28, 0.18 and 0.23and
0.29, 0.15, 0.25, 0.14 and 0.21for the 1% and 2™

seasons, respectively, under theDIS, IR=70% and
MS treatment, whereas the highest values forthe
same growth stages were0.63, 0.72, 0.75, 0.70
and 0.70and 0.62, 0.68, 0.73, 0.63 and 0.67 for
the 1% and 2™ seasons,respectively, under the BIS,
IR=100% and UMS treatment. These results could
be attributed to the effects of deep drip irrigation,
water deficits and soil mulch, whichall effectively
reduce evapotranspiration and therefore the actual
yield coefficient.These results are similar to those
reported by El-Nady and Borham(2009), Bhantana
and Lazarovitch(2010) and Mazahrih et al.(2012).
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Conclusions

This study applied irrigation water stress
and evaluated the effect of different irrigation
systems inMS and UMSonthe datepalm fruit
yield production, quality parameters, seasonal
ETa, WUE, IWUE, Ky and Kca in El-Baharia
Oasis sandy soil. The results indicatedthat the
highestMY and studied quality parameter values
for date palm fruit were observedunder the DIS,
IR=100% and MS treatment. Thelowest seasonal
ETa and Kcavalues were observed under the
DIS, IR=70% and MS treatment. The minimum
values of Ky were 0.16 and 0.12 for the 1% and
2nd geasons, respectively, under the DIS, IR=85%
and MS treatment. Finally, the WUE and IWUE
values increased significantly under theDIS,
IR=70% and MS treatment by approximately
204 and 92% and222 and 95% for the 1% and 2™
seasons, respectively, compared withthe control
treatment (BIS, IR=100% and UMS).Thus,
this study recommends using theDIS, IR=70%
and MS treatmentto cultivate date palm trees
under El-Baharia Oasis conditions to conserve
approximately 38% of thelR and increase the MY
of date palm fruit by approximately 20 to 22%.

References

Allen, R.G., Smith, M., Perrier, A. and Pereira, L.S.
(1998) Crop evapotranspiration, guidelines for
computing crop water requirements. F40 [rrigation
and Drainage Paper No.56, FAO, Rome, Italy: 1-79.

Alazba, A. (2004) Estimating palm water requirements
using penman- monteith mathematical model.
Journal of King Saud University Agricultural
Science, 16 (2),137-152.

Al-Amoud, A.L
subsurface drip irrigation. The Canadian society

(2006) Date palm response to

for Bioengineering. Paper No. 06-204.

Al-Amoud, A.l. (2008) Performance of bubbler
irrigation system as compared to trickle for large
size date palm tree farm. The Canadian Society for
Bioengineering, Paper No. CSBE 08-172.

Al-Amoud, A.l. and Al-Saud, M.I. (2011)Subsurface
drip irrigation for date palm trees to conserve water.

Journal of Saudi Society for Agricultural Science,
10 (1a), 94-120.

Al-Zahrani, K.H., Al-Shayaa, M.S. and Baig, M.B.

Egypt. J. Soil Sci. 58, No. 1 (2018)



42

AMR SADIK et al.

(2011) Water conservation in the Kingdom of
Saudi Arabia for better environment: implications
for extension and education. Bulgarian Journal of
Agricultural Science, 17(3),389-395.

Anon, (2002) Organic Farming in the Tropics and
Subtropics: Date Palm. Naturlande.V. Grafelfing,
Germany. 2(5),19.

Atta, R.; Boutraa, T. and Akhkha, A. (2011) Smart
irrigation system for wheat in Saudi Arabia using
wireless sensors network technology. /nternational

Journal of Water Resources and Arid Environments,
1(6), 478-482.

Ayers, R.S. and Westcot, D.W. (1994)Water Quality for
Agriculture, lrrigation and Drainage Paper No 29,
FAO, Rome, Italy.

Bainbridge, D.A. (2006) Deep pipe irrigation. The
overstory #175. http://agroforestry.net/overstory-
back.../97-overstory-175-deep-pipe-irrigation.
(March 2014).

Bhantana, P. and Lazarovitch, N., (2010)
Evapotranspiration, crop coefficient and growth
of two young pomegranate (Punica granatum
L.) varieties under salt stress. Agricultural Water
Management, 97(5),715-722.

Diaz, F.; Jiménez, C.C. and Tejedor, M. (2005)Influence
of the thickness and grain size of tephra mulch
on soil water evaporation. Agricultural Water
Management, 74, 47-55.

Doorenbos, J.And Pruitt, W.O. (1984) Crop Water
requirements — Guidelines for predicting crop
requirements.FAO Irrigation and Drainage Paper
No.24, FAO, Rome, Italy: 45.90-

El-Nady M.A. and Borham T.I. (2009) Responses of
corn yield to water deficit and rice straw mulch
at some growth stage. Bulletin of Faculty of
Agriculture, Cairo University, 60(2), 226-233.

Howell, T.A. (2001) Enhancing water use efficiency in
irrigated agriculture. Agronomy J. Abst., 93, 281 —
289.

Ibrahim,Y.M.; Saeed, A.B. and Elamin, A.W. (2012)
Effect of irrigation water management on growth of
date palm offshoots (Phoenix dactylifera) under the
River Nile state conditions. University of Khartoum
Journal of Agricultural Sciences, 20(3), 275-285.

Kassem, M.A. (2007) Water requirements and crop
of date palm trees “Sukariah cv’. Misr Journal of
Agricultural Engineering, 24(2), 339-359.

Egypt. J. Soil Sci. 58, No.1 (2018)

Keller, J. and Karmeli, D. (1974) Trickle irrigation
design parameters. ASAE, 17 (4), 678-684.

Kirda, C., Kanber, R. and Tulucu, K. (1999a)
Yield response of cotton, maize, soybean,
sugar beet, sunflower and wheat to deficit
irrigation. In: C. Kirda, P. Moutonnet, C. Hera
& D.R. Nielsen, eds. Crop yield response to
deficit irrigation, Dordrecht, The Netherlands,
Kluwer Academic Publishers.

Klute, A. (1986) Methods of soil analysis, Part (1).
Physical and Mineralogical Methods-Agronomy
monograph No. 9 (2" Edition). ASA and SSSA,
Madison, WI, USA: 635 — 660.

Mazahrih, N.T., AL-Zu’bi, Y., Ghnaim, H., Lababdeh,
L., Ghananeem, M. and Abu-Ahmadeh, H. (2012)
Determination actual evapotranspiration and crop
coefficients of date palm trees (Phoenix dactylifera)
in the Jordan Valley. American-Eurasian Journal
of Agricultural and Environmental Sciences (12),
434-443.

Michael, A. (1978) Irrigation and theory practice. Vikas
Pub. House PVT LTD, New Delihi.

Page, A.L.; Miller, R.H. and Keeney, D.R. (1982)
Methods of soil analysis, part 2. Chemical and
microbiological properties. Amer. Soc. of Agron,
Madison, Wisconsin, USA.

Ramakrishna, A.,Tam, H.M., Wani, S.P. and Long,
T.D. (2006) Effect of mulch on soil temperature,
moisture, weeds infestation and yield of groundnut
in northern Vietnam. Field Crops Research. 95,
115-125.

Smith, M. (1992) CROPWAT a Computer Program
for Irrigation Planning and Management and ETo
calculation using Penman-Montieth method, F40
Irrigation and Drainage, Rome, Italy, 46, 112-140.

Snedecor, G.W. and Cochran, W.G. (1989) Statistical
methods, 8" ed., lowa State Univ. Press, lowa.
USA: 476.

Steduto, P.; Hsiao, T.C.; Fereres, E. and Raes, D.,
(2012) Crop yield response to water. FAO Irrigation
and Drainage Paper No. 66 Food and Agriculture
Organization of the United Nations, Rome, Italy.

Terasaki, H.; Fukuhara, T.; Ito, M. and He, C. (2009)
Effects of gravel and date palm mulch on heat
moisture and salt movement in a desert soil.
Advances in Water Resources & Hydraulic
Engineering, (1), 320-325.

(Received:7/9/2017,
accepted:30/10/2017)



IRRIGATION WATER MANAGEMENT OF DATE PALM 43

4l clal) gl gyl caat ) JAASY (5 1) slsa B 1)

Zu.:'\AJSS\u.'MH,cLgﬁmiljg;d\é,cuiamiuiflwdamjﬁ
f‘M“i‘);%).S)‘—G‘.“)\J\A‘:‘E‘L}‘%(‘“?
Aae ) ) Gpadl 58 ye — Jadill &gy 2gad’

Leiblanl ol A all jame ) sean — 3oual) Abdlaey 3y el a5l dilaie 3 & yadl s2a Cy alf
i e DA all o (5 sinae (358 5ie 130 gLl (BL57735757 OFVA 1 Ylad 77) + 714 OYA) S
% AN 5 (i e ARG adadll Slan ¥l apaaill alaainls YOV V/YOVTIY LY T/Y 0V e e )0
Aldbee JSU jie VXY lilisay Ao 5 ) 3o Ol sis A La jae (G5 sa) Ciia Cala Cacail) =L as jlacil e
A Gelad e Bsuna Ve AG Y e Blad) s olie (e <l shuse 233 Jiaal) Ll 5 Al
Micro 3_sall lils )l — Deep dripper d&wall cilhaliilly) (g 11 (3 e 482 Caliai § ( J seasall it
3 385 A1 S Jsa liudUIL sUaze el 5 sUazall 3y 51l Aalisal @lls s(Bubbler =l s ) — jet
el lal) @Y SIS Jaasl) J geanal 33 sall Chlulid 5 daaliil e JS e @l arial) s3a Laili A s
Jalaa g ddlaall (5 ) slae iliaS 8 (il J geanal) Zolaiod Jalaa s () 5,5¥1 5 (el it 308
s Y Lale Joaniall gilinl) s ol 85 Gy jail) Cag s caad sl J saanall
GV olaa (s /) v v ALl 5 Arand) llaladl) aladinls Ay yall (5 sl 2l LS Clalra a s 2)
Alall o sall o lae 5o sl coluldl ad e f eluudlly Jaaal) jlansl Jea 2o 5l daliee Aykis g
il e e sal) ST (LUSa /Y ) A5 Y 0 AE) bl el dpalil e cala IS 5 2513

Gaalil 5 53 pall Cluld e IS5 (as so/pae) Adliaall (5511 olie LS (g Bl )Y Cilidle cilass Y
e sall SIST LIl Uy s Usls

Gl Akaas e 50 olie (e /Y e ALl 5 Aranl) UG aladialy Ay sell COLleall a culass T
o Gresssall S (pusge/ae OYT VA 5 078 £1) tedll Slall @D 4 ol el
sl

Gl Akass ae 50 ol (e /Y e ALl 5 Airanl) Uil aladialy Ay sall COLeleall af cilas f
VAN s (CalanS ) ,00 5 ¥ YY) (5 sl bl lailisl 5 )81 5 lall @lDginY e ST a8 e f elandully
i e e sall ST (Ta/anS ) Y

Gl Akass ae 50 olae (e ZAS Adlial 5 Araal) Ul aladinly Ay yall COlleal) a8 a0
il e e sall SIST (2 VY 5 0 V) bl J semne Aulaind Jalaal ad ol el

Ayl Aghass e sl sl (e Ve Adlial 5 Apandl UalE) aladiuly Ay 5 sall GOkl a8 Glas 1
(Y 5 2 YY) el ol con bl Jodd edl) J pemnall Jales daws sial a o @linSUll
il e Gaas sall 2SI

& 5l sle (e 70% A8Lial 5 Apanll il aladials (5 sl L) Ae) ) 5 dna gl Sy 1A
lalaal) s3a Y G35 30 Hanl) culal o) Cag pda cnat el Il Jaasll jlasl Jea dn il dalo dokass
SIS 22% 520 (sne bl Jlad Aaalil (e 38 S5 A8l (sl slis (0 38% (Alss A
ol (1o 100% Adbal 5 ool@ill () alasinds Ao 1) Apaliil) Alabaally e casiill e Caan gl
(el A ) Aglass G s s M

Egypt. J. Soil Sci. 58, No. 1 (2018)



