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ABSTRACT

A field experiment was conducted through the period from 11/2001 to 4/2003 tv study the effects of different
irrigation methods (Drip and Surface} on evapotranspiration (water consumption} (ETg} of two date palm tree cultivars
(Suklariah and Rabiah). The irrigation methods were assigred randomly for the trees with two replicates of each cultivar.
Cther agriculture treatments were the same (fixed) over all the trees during this study except the irrigation methods.

Soil water balance method was used to determine the actual water consumption “evapotranspiration” of date palm
trees. Soil water content was observed daily for each free using Neutron Probe device at depths of 20, 30, 48, 50, 70, 90, and
110 cm. The change in soil waier content at depths of 90 and 110 cm was used to approximate deep percolation using one
dimension unsaturated flow model. The results showed no significant difference between the two cultivars in the ET, ¢ of date
palm trees. However, there were significant differences between the irvigation methods in the ET¢ of the trees. The annual
water consumptions of date palms were 20190 and 18500 (w’/hatvear) for drip and surface irrigations, respectively.
Although, trees irrigated with drip irrigation consumed about 10% more water than those irrigated with surface irrigation,
the annugl water requirement for trees irrigated with drip irvigation were about 33% less than those irrigated with surface
irvigation based on irrigation efficiency of 0.9 and 0.55 for drip and surface irrigations, respectively. In addition, the resulis
showed that values of 0.9 and 0.8 can be used as an average seasonal date palm crop coefficient Jor drip and surface

irrigation, respectively, to approximate ET. for date palm trees in Makkah region.
Kepwords. Evapotranspiration, date palm trees, irvigation system, drip irrigation, surface irvigation,

INTRODUCTION

ccording to the limited water resources in Saudi

Arabia, a good water management is essential
especially in the agriculture sector which consumes
more than 8G% of water use in Saudi Arabia (Al-
zibari, 2000). Date palm tree is one of the main fruit
tree in Saudi Arabia. The total cyltivated area with
date palm trees represents 77% of the total cultivated
area with fruits trees. The total number of date palm
trees is increasing rapidly. Eighty seven percent of
these trees are irrigated in a traditional way using
surface wrrigation method (MAW, 2001). Therefore,
the irrigation requirements of date palm farms are
increasing. On the other hand, most of these trees are
grown in sandy soil. Accordingly, the volume of lost
water due to deep percolation is increasing. The
estimation of water requirements by crops is
considered the main step to establish a good
management plan for water resources use in the
agriculture sector. In addition, adapting efficient
irrigation systems such as drip and bubbler irrigation
will increase water use efficiency.

Some studies were done to determine date
palm trees water requirement in different parts of the
world. Abou-Khaled er al. (1981) approximated date
palms water consumption in Irag to be 18000
(m’/ha/year). Zaid and Arias-imenez (2002) reported
that the waier requirements of date palms in several
places around the world are between 13000
(m’/halyear) in Morocco to 36000 (m’/ha/year) in
California, USA. They also found that the summer
water requirements of date palms in Tunisia were as
twice as much the winter water requirements. In Saudi

Arabia, the annual date palms irrigation requirement
using surface Irrigation were 29788, 32736, 37910,
41273 and 42373 (m’/hafyear) for Aseer, Rivadh,
Qussim, AlHassa and Al-Maddinah regions,
respectively as reported by Abderrahman and Al
Nabulsi 1993. They also found 38% decrease in the
annual date palms irrigation requirement using drip
wrrigation for the five regions due to the increase in
irrigation efficiency from 55% for surface irrigation to
90% for drip irigation. Furthermore, Alzaid ef ol
(1988) calculated the water requirements of date palms
irrigated with drip, sprinkler and surface irrigation for
different regions in Saudi Arabia among them Maldkah
region. Their approximations were based on irrigation
efficiency of 85%, 70% and 55% for drip, sprivkler
and swrface irrigation, respectively. Their results
showed that the water requirements in Malkkah region
were 20245, 24584 and 31393 (m’/ha/year) for drip,
sprinkler and surface irrigations, respectively. A
decrease of about 37% in water requirements were
showed between date palm trees irrigated with drip
irrigation and those irrigated with surface irrigation. In
Najran region, the annual water requirements of date
palms were ranging between 16989 and 26705
m’/ha/year (Al-Ghobari, 2000). However, all of these
studies in Saudi Arabia were based on empirical
methods and not on actual field measurements.
Evapotranspiration can be measured directly
by lysimeter or indirectly by different methods such as
soil water balance, energy balance, and stem flow
method (Hoffinan er al, 1990) or it can be
approximated by empirical equations such as Penman
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equation and Penman-Monteith equation. Soil water
balance method was wsed to determine waler
consumption for different trees (Basahi, 2006, Testi
et afl, 2004 and Fares and Alva, 1999).

The objectives of this study were to determine
the effecits of different irvigation methods on the
evapotranspiration of two daie palm tree cultivars in
Malkkah region of Saudi Arabia using soil water
balance method, also to estimate crop coefficient of
date palm trees for Malkkah region, based on measured
data of ET¢.,

MATERIALS AND METHODS
This experiment was conducied at Hada Al-
Shem Agriculture Research Station, King Abdulaziz

Table 1. Monthly averages of some meteorslogical parameters for Makkah region (1978-2000).

University for 18 months (11/2601 - 4/2003). Two-
factor experiment in randomized complete block
design in two replicates was done. Thres main Factors
were studied, the first factor was two palm date
cuttivars (Sukkariah and Rabiah), the second factor
was two irrigation methods (drip and surface) and the
third factor was time (month). In each treatment two
homogenous palm trees were used. The 14 year old
palm frees were grown in sandy soil at 10 m X 10 m
spacing, Monthly averages of some of the
meteorological data (temperature, relative humidity
and wind speed) from 1978 to 2000 were tabulated for
the study area,

Max. Min. Mean Ma?’{' ) MH}' Megn Wind
relative relative relative

Months | temperature temperature temperature humidity | humidity | humidity speed

c° 0 ce % % % (m/s)
Jan. 30.1 18.4 24.3 77 389 58.0 1.6
Feb. 31 18.1 24.6 73.1 33.8 53.8 1.9
Mar. 34.2 204 27.3 682 28.7 48.5 2.0
Apr. 382 239 31.1 62 25 435 1.9
May 41.7 27.3 345 539 22.6 383 1.8
June 435 27.9 357 50.7 19.2 35.0 1.7
July 42.6 28.5 356 50.2 215 359 1.6
Aug. 42.4 28.8 356 552 24.2 39.7 1.7
Sep. 42 .4 28.4 354 64.2 255 44.9 1.6
Oct, 38.7 254 32.6 717 25.8 48.8 1.5
Nov. 34.7 22.5 286 78.8 34.9 56.9 1.4
Dec. 313 16.8 25.6 79.2 40 59.6 14

Soil samples were taking for the soil horizons at
0 to 20, 20 to 40, 40 to 60, 6C to 80, 80 to 100, and 100
to 120 om for each tree root zone. Soil samples were
used to determine some of the chemical and physical
soil properties. The resuits of soil samples analyses
showed that the soil is sandy with average values for
EC, pH, saturated hydraulic conductivity, bulk density

and holding capacity of 1.24 dS/m, 7.89, 7.29 cm/min,
1.75 gm/em’ and 0.7 em®/ om’, respectively. Also, soil
samples were used to develop soil water retention
curves. The average retention curves for the soil
horizons in the area are presented in Figure 1. The EC
and pH of irrigation water were 1.8 dS/m and 7.7,
respectively,
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Fig. 1. Soil water retention curve for the study area.

Irrigation network contains  storage tank
(6 cubic meters), main line (38 mm diameter), a pump
(3 hp), a controller, and 2 submain lines one for the
drip irrigation the other for the surface irvigation. At
the upstream of each submain a solenoid valve and
screen filters were installed. In order to minimize
emitters plugging, an extra disk filter was used in the
drip submain. To insure uniform distribution of water
for all palm trees, a diameter of 25 mm were used for
the submain lines to minimize the friction losses. Rain
Bird pressure compensating drippers (7.0 gph) were
used to insure further water distribwtion uniformity.
Six drippers were distributed 500 mm from the stem of
each palm tree at equal distance of each other with
total flow rate equal to 2.65 liV min/ tree. In surface
irrigation method, a 5 m diameter basin swrrounding
each tree was receiving water from 2 outlets fo insure
water distribution around the tree. The average
application rate of surface brigation was 15 Ht/ min/
tree.

Imitial  estimation for date palm trees
evapotranspiration (ET:} was calculated based on
maximum reference evapotranspiration (ETR) of 8
mm/day for the study area (Al-Amoudi et al, 2000)
and value of crop coefficient equal to 1 {Abderrahman
and Al-Nabulsi, 1993). The estimated value of ET.
was § mm/day. The total volume of water for each tree
was calculated to be 300 lit/day based on canopy cover

[F5]

of 38 m”. Due to the small holding capacity of the soil,
the irrigation inferval was 2 days. Thus, the fotal
velume of water applied to each free was 600
lit‘irrigation. Accordingly, the time of irrigation for
cach system was 40 and 230 minutes for surface and
drip irrigation methods, respectively.

Soil Moisture Monitoring

At each tree an access tube were installed at a
distance of 500 mm from the stem of the tree, Neutron
probe was used for daily monitor of soil molsture in
the root zone af depths of 20, 30, 40, 50, 70, 90, and
110 cm. The Neuwon probe device was calibrated
using the gravimetric method. Figure 2 shows the
relationship between the count ratie of the Neutron
probe device and the corresponding volumetric water
content of the soil. Linear regression was used to
analyze the data and resulis showed that the following
model can be used to approximate soil moisture from
the neutron probe reading with R value equal to 0.82.

Y=1.34X-0.028 1
where: Y = volumetric soil moisture (cm’/cm®)

X Neutron probe count ratio {count
reading/standard count)
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Fig. 2. The relationship between Neutron probe count ratio and soil moisture.

Evapotranspiration Determination

Soil water balance method was used to
determinate the Evapotranspiration (ET¢) of date palm
trees. Seoil water balance model can be defined as
follows:

Er=l+P~R-Dx5¢ P

where, I is the irrigation depth, P is rainfail
(precipitation), R is the runoff, D is the drainage at the
bottom of the root zone, and St is the change in water
storage in the root zone. All of these variables are
expressed in the same umit {mm). Due to the dike
which surrounds each tree, runoff was neglected. Also,
rainfall was neglected due to small amount of rain
average which is less than (100 mm/year). Irrigation
depth was calculated from the calibrated application
rate and time of frigation which is controlled
automatically. Water storage at the root zone was
calculated using soil moisture readings. Soil moisture
readings at depths of 90 and 110 om were used to
approximate drainage depth (D) under the root zone
area using the following equation:

D= K(@)(—E‘g)m 3

-~

where, K(0} is the unsaturated hydraulic conductivity,
AH is head difference between the bottom of the root
zone and net depth of the profile, AZ  is the distance
between the bottom of the root zone and the net depth
(20 cm) and At is the time step (day). AH and K(8)
were calculated with equations 4, 5, 6 and 7 as
described by Van Genuchten (1980).

H=h-z 4
i{o-0.Y" |
[ = _{ ~ "J -1 5
al\ b, -6,
1
K@y =KgSP(1-(-5™y") 6
6-0,
= 7
& -0,

Where, /i is the pressure head, z is the depth (cm)
below the soil surface, # (cm3/em3) is the water
content at which h is being calculated, 8, (cm’/em’) is
the residual water content, 8, (cm’/ecm’®) is the water
content at saturation, K is the saturated hydraulic
conductivity, § is the degree of saturation and o, a,
m, and # are fitting parameters. The estimated fitting
parameters values for the study area were 0.03, 0.5,
041 and 1.6 for o, a m, and n, respectively.
The measured values of date palms evapotranspiration
{ETc}  were divided by the  reference
evapotranzpiration (ETg) caleulated using Penman
Monteith equation for the study Area (Basahi, 2002) in
order to approximate coefficient for date palms trees.
The obtained data of water consumption
(ET¢) of date paims were statistically analyzed using
SAS (2000) according to the used experimental design.

RESULTS AND BISCUSSIONS
Weekly average evapotranspiration for each
date palm tree (mm/day) was calculated for the period
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of the experiment {79 weeks) which started in the first
week  of MNovember. Statistical analyses were
preformed and the resulis were presented in Table 2.
Analysis of variance results for ET. under the effect of
two palm tree varieties, twelve months and two
irrigation methods. The results show no significant
differences between replicates (R) and varieties (V) in
BT Howsever, there were significant differences
between months (M) and irigadon methods (8) in
ETe. In addition, the resulis in Table 2 show that the
interaction betweenthe Vi M, VxS, and Vi Mx S
had no significant effects on ET¢ of date palm irees.
However, there were significant effects for the
interaction between M x S on the ETe of date palm

trees.  Table 3 shows the means of ET: under the
effect of two palin trees cultivars, twelve months and
two irrigation methods., The ET¢ value for Sukkariah
cultivar (5.4 mm/day) was insignificantly differed
from the Rabiah cultivar (5.2 mm/day). Also, data of
table (3) shows the superiority of summer months
(May, June, July and Awngust) over the other months
with no significant differences hetween these summer
months, while the lowest ET: are showed from the
months December, January and February. On the other
hand, the results show armual average valus of BT for
date palms irrigated with drip irrigation system (5.6
mov/day) was significantly higher than those for
surface irrigation system (5.6 mm/day).

Table 2. Mean squares of ET¢ under the effects of two palm tree cultivars, twelve
moniths and two irrigation systems

Source of Variation Degrees of freedom Mean Squares
Replicates (R) i 0.005 NS
Varieties (V) i 0.007 NS
Months (M) 3] 0.44 **
frrigation Method (5) 1 0.096 **
VxM i1 0010 NS
Vx8§ i 0.026 NS
MxS 11 0.064 **
VxMxS 11 0.006 N5
Error 47 0.011

NS5 : not significant at 0.05

#* . Bignificant at 0.01 level of probability.

Table 3. Means of ETc under the cifects of two palm tree cultivars,
twelve months and two irrigation sysfems

Variables ET, (mm/day)

cultivars Sukka:riah AT
Rabiah S2A
Januvary 22D
February 25D
March 42C
April 558
May T9A
Month June s4A
July T9A
August 774
September 668
Cctober 43C
November 39C
December 26D
Irrigation Drip 36 A
Method Surface 508

*: Means followed by the same letter within each main facfor are not significantly different.

3
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Due 1o the insignificant differences between the
replicates and cultivars in ET, The overall weekly
BT values for both date palm cultivars were averaged
for each irrigation method and plotted in Figiwe3, As
shown i Figure 3, £ values had normal trend. The

ETc vaiues were highest for the summer season, while,
they were lowest for the winter season due te high
temperatires and low relative humidity during summer
season {Table 1).
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Fig. 3. Weekly average of evapotranspiration of date palm trees for drip and surface irrigation.

The weekly ETc values were averaged over
month as shown in Table 4. The results in Table 4
show that the highest value of monthly average of ET¢
for drip irrigation was (9.8 mm/day) in June, while the
lowest value was (2.3 mm/day) in January. On the
other hand, for the surface irrigation method, the
highest ETc value was (8.5 mm/day) in July and the

lowest value was (1.3 mm/day) in January. Also, Table
4 shows the yearly average values of ET¢ were 5.5 and
5.0 (mm/day) for drip and surface irrigation,
respeciively. The results in Table 4 indicate that date
paim trees irrigated with drip irrigation consume about
10% higher water than those irigated with surface
irrigation, which is quite unexpected.

Table. 4, Monthly averages of measured evapotranspiration.

Measured monthly
Month ¢vapolranspiration {mm/day)
Surface
Drip irrigation irrigation
Jan. 23 1.3
Feb., 33 i.7
March 57 3.2
Aptil 6.5 53
May 8.5 7.4
June 9.8 7.0
July 7.8 3.5
Aug. 8.2 8.7
Sep. 6.4 7.2
Qcet. 2.5 5.6
Nov. 29 3.5
Dec. 2.4 2.3
Average {(mm/day) 553 4.98
Hl/ .
Total (n; year) 2019 1850
{m’/ha/year) 20120 18300
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The reason for this unexpected result of high
evapolranspiration for drip irrigation over surface
irrigation especially during the summer season may be
is due to the length of irrigation pericd which causes
more evaporation during the irvigation event. Also,
drip brrigation keeps high moisture in the root zone
which resuits more evaporation from the soil surface
and transpiration from the tree (Burt and Styles, 1999).
The results of this study show an increase equal to
10% in evapotranspiration of drip irvigation comparing
to surface irrigation (Table 4), Due to the small size of
the experiment site and the seiting of the irrigation
systems in this study, irrigation efficiencies of
rrigation systems were not included. However,
irrigation efficiency for drip irrigation is about 40%
higher than those for surface frrigation (Al-Amoud,
1998 and Khalil, 1998}. Thus, total water requirement
for drip irrigation is less than surface irrigation. Based
on Drigation efficiency values of 90% and 55% for
drip and surface irrigation methods, respectively,
reported by Abderrahman and Al-Nabulsi (1993) and
the results of this study (20190 my’/halyear for drip and
18500 m'/halvear for surface irrigation), the annual
irrigation requirements were calculated for date palms
grigated with drip and surface irrigation methods. The
imigation requirements were 22433 and 33636
(m’/halyear) for date palms irigated with drip and
surface irigation, respectively. Therefore, there is a
decrease of about 33% in the average of annual water
requirements for trees irrigated with drip irrigation
comparing to those irrigated with surface irrigation in
the study area. These results are close to the resulis of

Abderrahman and Al-Nabulsi (1993) and Alzaid er ol
(1588).

The measured evapotranspiration were used in
conjunction with the reference evapotranspiration for
the study area approximated by Basghi (2002) to
calculate crop coefficients (K} for trees irrigated with
drip and surface irrigations. Table 5 shows K values
for date palm trees for the two irrigation metheds for
the full year. As shown in table 5 the highest values of
K¢ were 1.2 and 1.1 for the drip and surface irrigation,
rospectively. In addition, the annual average values of
K were 0.9 and 0.8 for drip and surface irrigation,
respectively. The average value of K¢ for each
irrigation method was used in conjunction with
Penmen-Monteith equation to estimate date palm tree
evapetranspiration as shown in Table 5. The results in
Table 5 show that the approximated values of annual
water consumptions for date palms were 20294 and
18031 (m’/ha/year) for drip and surface irrigation
respectively. A regression analysis was performed to
find out the relationship between the approximated and
measured monthly averages of ET¢ for date palm trees
as shown in Pigure 4 and 5. The results showed that
the approximated ET: values for date palms were
highly correlated with the measured ET. values for
both irrigation methods with correlation factors (r)
equal to 0.9 and 0.96 for drip and surface irrigations,
respectively. Thus, K¢ values of 0.9 and 0.8 can be
used to approximate water consumption for date palms
in Maklkah region, These values are close to K values
(0.95) reported by Allen et al. (1998), also to those K
values (0.8} used by Al-Ghobari, (2000).

Table 5. Crop Coefficients and approximated evapotramspiration of date
palws for both irrigation methads,

Reference Approximated
evapotranspirati Crop coefficient evapotranspiration
Monih on {mm/day) (mm/day)
Penman- Drip Surface Drip Surface
Monteith irrigation | jrrigation | irrigation | irrigation
Jan. 38 0.6 0.3 3.42 3.04
Feb. 4.5 0.7 8.4 4.05 3.6
March 55 1.0 ¢.6 4.95 4.4
April 6.6 1.0 0.8 5.94 5.28
May 7.7 1.1 1.0 6.93 6.16
hune 8.1 1.2 0.9 7.29 6.4%
July 7.8 1.6 1.1 7.02 6.24
Aug. 78 1.0 0.9 7.02 6.24
Sep. 7.5 6.9 1.0 6.75 6.00
Oct. 6.3 0.4 0.9 5.67 5.04
Nov, 4.7 0.6 0.7 4.23 3.76
Dec. 3.8 0.6 0.6 3.42 3.04
Average i 6.2 0.9 0.8 5.56 4.94
{m’/ha/year) 20294 18031
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Fig. 5. The relationship between measured and approximated Etc for surface irrigation

Conclusion

In conclusion, this study showed that date
palm tress irrigated with drip irrigation consumed
about 10% more water than those irrigated with
surface irrigation. However, due to higher efficiency
of drip irrigation compared to surface irrigation, the
annual water requirements for date palm trees irrigated
with drip irrigation were about 33% less than those
irrigated with surface irrigation. Also, the resulis
showed that values of 0.9 and 0.8 can be used as an
average seasonal date palm crop coefficient for drip
and surface irrigation, respectively, to approximate the
evapolranspiration for date palm trees in Makkah
region.
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