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Economic and Environmental Evaluation of Different Irrigation Systems for
Date Palm Production in the GCC Countries: Case of Oman

Summary - In the frame of the ICARDA project “Develgpment of sustainable date palm production systems in the GCC
countries of the Arabian Peninsula’, researchers succeeded to introduce one promising technology (subsurface drip
irrigation - SDI) in the date palm farming system in the Gulf region, defined as the poorest in the word in terms of
water resources The objective to introduce this new technologies is to provide water application strategies that
maximize yield and minimize water loss for a range of irrigation system designs and applied for date palm farmers in
the GCC countries.

In the light of these challenges, the main objective of this study is to evaluate the effect of the irrigation water volumes
on the date palm productivity and water use efficiency under several conventional and improved irrigations systems.

The examination of the performance of bubbler irrigation (BI) and SDI systems were conducted at Al Kamil and Al
Wafi Agricultural Research Station — South Sharqiya, Sultanate of Oman. The performance of both systems was
evaluated in terms of water use efficiency (WUE), economic performance, and yield of date palms (variety Kbalas).
Three intervention levels on SDI have been used: at the rate of 60% 40% and 20% of water requirement. Results of
this experimental study showed that SDI under the three intervention/options uses water more efficient in
compatison to BL Indeed, a considerable quantity of water for about 3545.554, 5726.45, and 7565.473 m3/ha could
be saved by using SDI at the rate of 20%, 40 and 60% of water requirements, respectively. Thus, the WUE indicator
is for about 2.0, 2.7, and 4.7 kg/m’, respectively. These figures are much higher when are compared to BI system
where WUE is around 1.3 kgm-3.

The economic evaluation and comparison between both systems suggest a considerable effect of the used irrigation
method on the water cost, total return and net profit. Indeed, under BI system, the total return, total variable costs,
water costs and net profit were 20211.36, 5857.81, 1224.29, and 13129.25 § ha"!, respectively. From another hand, by
using SDI at the rate of 60% of water requirements, we note a slight difference in net profit when using this irrigation
system, which is about US$12825.02/ha. Economic findings suggest that using SDI method versus BI method have
additional cost but is economical at the long term as the SDI found to sustain the date palm farming system in this
region where arid conditions acts as natural constraints for expansive agriculture. Therefore, this sustainability of SDI
in comparison to the BI could be reached if SDI system is well designed, maintained and used properly.

Finally, findings suggest that SDI for date palms is an effective and practical method for irrigating date palms where,
a noticeable volume of water could be saved due to the elimination of evaporation water compared to other irrigation
systems including the BI. In addition, under the arid and semiarid climates conditions, where rainfall is minimal and
the air temperature is high, this will result in high increase in evaporation rate from soil surface that result in salt
accumulation in the top layer of the soil where active roots concentrates which in turn lead to yield reduction, the use
of SDI system could eliminate the weed growth around the tree and prevent salt accumulation on the soil surface.

Key words: surface drip irrigation, economic valuation, environmental valuation, date palm, Oman.
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1. Introduction

The present study is conducted within the framework of the “Development of Sustainable Date Palm
Production Systems in Gulf Cooperation Council Countries” project funded by the Gulf Cooperation
Council Secretariat (GCC). This research and development project aims to produce new knowledge and
practices to improve date palm production systems in the Gulf region. The main activities of the project
include improving the productivity of cultivars, managing natural resources (land and water) for optimal
performance, optimizing the use of different inputs in the cropping process (fertilizers, pollinators,
wastewater, etc.), and studying the genetic diversity of date palms. The transfer of technology and
experience between partners is an integral part of the project.

One promising technology introduced through the project is the subsurface drip irrigation. This technology
has the advantage to potentially water saving, yield increases. It has the potential to be the most efficient
irrigation method available today and is considered to be one of the most attractive and promising
technologies for the Arab States of the Gulf countries, a region defined as the poorest in the word in terms
of water resources where arid conditions in these countries act as a natural constraint for expansive
agriculture.

The objective to introduce this technology was to provide water application strategies that maximize yield
and minimize water loss for a range of irrigation system designs and applied for date palm farmers in the
GCC countries. Therefore, while developing improved technologies is important for farmers in the rural
livelihoods for this region, new technologies can only affect livelihoods positively if they are profitable and
by then adopted by farmers.

In the light of these challenges, the main objective of this study is to evaluate the effect of the irrigation
water volumes on the date palm productivity and water use efficiency under several conventional and
improved irrigations systems (surface, subsurface, bubbler, subsurface drip irrigation). It is mainly to
investigate economically and environmentally the effectiveness of this introduced irrigation system in term
of water use and requirement and yield productivity. Tis is mainly to compare this irrigation system (SDI)
to several conventional irrigation systems used in the GCC countties in terms of water use efficiency and
date palm yield productivity. The study is focusing on Oman, Saudi Arabia and Qatar.

2. Date palm irrigation systems in Oman

According to Al Yahai and Khan (2015), irrigation water is traditionally delivered to date palm groves
through open canals. Water sources are mainly underground aquifers in addition to wells or via the Fa/gj, -
an ancient system of delivering water to farms in Oman. Other sources of water have also been explored,
such as the utilization of treated wastewater (El Mardi ez a/, 1995, 1998), which is only used to little extend.
The timing and frequency of irrigation is largely dependent on the allocated shares of water for each grove
and is not based on empirical methods. Adoption of new methods of irrigation (such as bubbler irrigation,
which is a localized, low pressure, solid permanent installation drip irrigation system), particularly in well-
irrigated groves, is slowly gaining momentum as the installation is being subsidized by the government. Al-
Yahyai and Al-Kharusi (2012b) reported also that chemical quality attributes of date palm (cv. Kbalas) grown
in northern Oman varied in response to decreased frequency of irrigation water applied during fruit
development.

Nowadays, about 75% of date palm trees in the Sultanate is irrigated by the flood irrigation system that uses
an abundant quantity of water. The remaining 25% is irrigated by bubbler irrigation systems. Moreover, the
quantity of water required at the farm level is determined by the farmer’s experience. The application of
traditional irrigation system (flood irrigation) is putting a pressure on the existing water resources and,
consequently led to the waste of large volumes of this valuable resource. Indeed, the adoption of modern
irrigation techniques such as drip and subsurface drip irrigation is more than needed today for this very arid
regions. This is mainly to increase water use efficiency and productivity of the grown date palms.
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Several previous studies indicated that subsurface drip irrigation is one of the promising technologies that
contributes to improve water use efficiency and productivity. In addition, it is considered as the most
effective way to provide water and nutrient directly to the plant and to increase crops productivity (Tiwaki
et al,, 1998; Thomson ef al., 2002, 2003). This subsurface drip irrigation represents the recent improvement
of irrigation as it significantly reduces losses of direct evapotranspiration, runoff, and deep percolation
(Hanson and May, 2007; Safi e a/, 2007). It is within this framework that the project “Development of
sustainable date palm production systems in the GCC countries of the Arabian Peninsula”, funded by the GCC,
implemented, in pattnership, by ministries of agriculture, agricultural authorities, and agricultural research
institutions and universities in the six GCC countries of the Arabian Peninsula (Kingdom of Bahrain,
United Arab Emirates, State of Kuwait, State of Qatar, Sultanate of Oman, and Kingdom of Saudi Arabia)
and the International Center for Agricultural Research in the Dry Areas ICARDA). The major objectives
of the project are to increase propagation efficiency and expedite production of offshoots in the quantities
needed by growers at a reduced cost; improve date palm productivity per unit of water on supporting the
widespread of this subsurface drip irrigation technology, and rationalize the use of the available resources
so that production becomes sustainable.

Many studies suggest the use of subsurface drip irrigation as a water saving technology in arid areas, but it
is necessary to study and examine the performance and the efficiency of this irrigation technology in
comparison with other irrigation systems such as bubbler irrigation systems which is also being used in
these areas. The main objective of this study is to examine the efficiency of subsurface drip irrigation system
for young palm trees in the Sultanate of Oman in terms of both water use efficiency, yield and economic
viability of this system in comparison to the existing bubbler irrigation system. Our results will help to
identify the most efficient technique for water conservation (environmentally and economically) as well as
the most profitable.

3. Material and methods

3.1 Purpose of the experimental research study in Oman

The main objective of this study is to evaluate the effect of the irrigation water volumes on the date palm
productivity and water use efficiency under the subsurface drip irrigation system. It is mainly to investigate
economically and environmentally the effectiveness of this irrigation system in term of water use and
requirement and yield productivity. Tis is mainly to compare the bubbler irrigation system (BI) and the
subsurface irrigation system (SDI) in terms of water use efficiency and date palm yield productivity (Kbalas
variety). The experience was conducted in the Research Agricultural Station in Al Kamil and Al Wafi at the
Sharqyiah Governorate — Sultanate of Oman.

3.2. Location and site characteristics
Site localization: The experiment was conducted at the experimental station at the Research Agricultural
Station, Al Kamil and Al Wafi, Sharqgiyah Governorate, Sultanate of Oman (22° 14' 13.00 N, 59 11' 04.00

Site characteristics: The soil profile of the experimental site in the upper 0-30 cm soil was sandy loam
texture composed of 72 % sand, 11.11% silt and 16.23% clay. The average values of PH and EC were 7.6
and 1.12 Ds m-!, respectively

Table 1. Physical and chemical properties of the filed at different soil layers

Soil Particle size distribution (%)
Denth PH Ca Mg CaCo3 ECe
( P) Gravel | C.Sand | F.Sand | Silt | Clay Meq/1 | Meq/1 | % (dS m)
cm
(%) (%) (%) (%) (%)
0-30 0.7 1.83 70.03 | 11.11 | 16.23 7.6 3.63 4.06 34.06 1.12
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30-60 - - -

7.9 4.33 4.9 - 1.27

60-90 - -

7.9 3.66 3.96 - 1.06

Source: Omani Date Palp Project Team (2016).

3.3.

Climate conditions at the experimental site

The research field is situated in arid climatic region. The averages of air temperature, relative humidity, wind

speed, sunshine duration and total precipitation were monitored by an in-situ meteorological station. The

air water vapor pressure deficit was calculated using daily and houtly average temperatures and relative
humidity. Finally, the reference evapotranspiration (ETo, mm day-1) was calculated according to the
Penman-Montieth equation (Allen ¢7 a/, 1998). Temperature is varying between 20.9 (minimum) and 34.8
C (maximum). Humidity is about 59% and the wind speed is around 1.7 ms-!. Average estimated ET, is

estimated to be 5.42 mm/day (Figure 1).

Figure 1. The average monthly values of climatic conditions in the experimental site
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3.4. Irrigation systems description and experimental interventions
The study consists on the evaluation of four interventions as follows:
e INTERVENTION I: Irrigation with bubbler irrigation system at the rate of 100% of water
requirements.
e INTERVENTION II: Irrigation with subsurface drip itrigation at the rate of 60% of water
requirements.
e INTERVENTION III: Irrigation with subsurface drip irrigation at the rate of 40% of water
requirements.
e INTERVENTION IV: Irrigation with subsurface drip irrigation at the rate of 20% of water
requirements.
Water requirement was calculated based on the evapotranspiration coefficient and using the CROPWAT
software. The KC coefficient used in the analysis has an average value of 0.9 for the date palm crop.

3.5. Irrigation scheduling and experimental test

The monthly water irrigation schedule is presented in the table below (Table 2). Measurements covered the
year 2015-2016.

Table 2. Irrigation schedule and water applied to date palm variety Khalas in Al Kamil and Al Wafi
experimental station at the Sharqyiah Governorate — Sultanate of Oman.

Month ETo Kc Crop water Irrigated Water Total water
Weather station FAO | requitement | Area (m?) applied applied/month
in AL Kamil (mm/day) (mm/month) | (m3?/month)
(mm)
January 2.82 0.9 2.5 38 79 3.0
February 3.97 0.9 3.6 38 100 3.8
March 4.36 0.9 3.9 38 122 4.6
April 5.45 0.9 4.9 38 147 5.6
May 6.99 0.9 6.3 38 195 7.4
June 7.64 0.9 6.9 38 206 7.8
July 7.23 0.9 6.5 38 202 7.7
August 6.93 0.9 6.2 38 193 7.3
September 6.48 0.9 5.8 38 175 6.6
October 5.76 0.9 5.2 38 161 6.1
November 4.13 0.9 3.7 38 112 4.2
December 3.32 0.9 3.0 38 93 3.5
Total 1783.7 67.8

Source: Owen elaboration from experimental data —Date palm project team in Oman (2017).
The different measures and parameters used in the experience such as evapotranspiration, crop water

requirement, water applied and total water applied are detailed in the figures below. Figures bellows (Figures
2-5) indicate that high values are noted during the summer season (May-August).
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Figure 2. ET0 (mm) at the weather station in Al Kamil

ET0 (mm) - Weather station in AL Kamil (Oman)

Source: Owen elaboration from experimental data —Date palm project
team in Oman (2017).

Figute 3. Crop water requitement (mm/day).

Cropwater requirensent (mm/ day)

Source: Owen elaboration from experimental data —Date palm project
team in Oman (2017).

Figure 4. Water applied (mm/month).

Warter applied (mun/ montly)

Source: Owen elaboration from experimental data —Date palm project

Figute 5. Total water applied/month (m3).

T'otal water appled /ol (md)

Source: Owen elaboration from experimental data—Date palm project

team in Oman (2017).

team in Oman (2017).

3.6. Experimental irrigation systems description and characteristics

After several decades of research and development, the subsurface drip irrigation system becomes one of
the systems characterized by high efficiency and productivity (Al Amoud, 2010). Through extensive
research, most of the subsurface drip irrigation system problems were solved including; clogging of emitters
by small roots, lateral installation, and fertigation. Findings of many research experiments have indicated a
significant increase in efficiency of water and nitrogen use that lead to a high increase in yield, and,
consequently improving the quality of date palm product. The system has also contributed in limiting
ground water pollution with nitrate and salts in the long run. As the system work under the soil surface, it
was noticed that it has an advantage over the traditional surface drip system in saving water and nutrients,
in addition to the control of salinity, deep percolation and durability of the system. This may be due to the
spherical soil water wetting as compared to the half spherical in the case of surface drip system (Phene,
1995).

Nowadays, different irrigation techniques are available to irrigate crops, including flood irrigation, furrow
irrigation, micro irrigation, drip irrigation, and subsurface drip irrigation. However, but not all of them are
suitable for date palm irrigation. The previous methods are of importance and each has its own advantages
and disadvantages. In the following section, we present the advantages and limitations of the two irrigation
methods considered for evaluation in the current study: Bubbler and subsurface drip irrigation.

Bubbler Irrigation System: Bubbler irrigation is a localized, low pressure, solid permanent installation
system used in tree groves. Each tree has a round or square basin which is flooded with water during
irrigation. The water infiltrates into the soil and wets the root zone. The water is applied through bubblers.
These are small emitters placed in the basins which discharge water at flow rates of 100-250 litres/h. Each
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basin can have one or two bubblers as required. With bubbler irrigation the percentage of the root soil
volume wetted is about 80 percent. Thus, there are no restrictions on the way the irrigation programme is
prepared. This can be either fixed depletion or fixed interval, taking into consideration the soil water holding
capacity, the availability of the irrigation water, the size of flow, etc. The advantages of this irrigation systems
are as follows: (i) high irrigation application efficiency, up to 75 percent, resulting in considerable water
savings, with absolute control of the irrigation water from the source to the tree basin; (i) all the piping
network is buried, so there are no field operations problems; (iii) the technology is simple and no highly
sophisticated equipment is used; and finally (iv) the system can be operated by unskilled farmers and
laborers. No filters or fertilizer injectors are needed. Therefore, this system presents some limitations such
as: (i) high initial purchase cost; (i) small water flows cannot be used as in other micro-irrigation systems;
and (iii) in sandy soils with high infiltration rates, it is difficult to achieve a uniform water distribution over
the tree basins.

Subsurface Drip Irrigation System: This technique is defined as an application of water under the soil
surface through drippers, which deliver water at rates generally similar to surface drip irrigation. As
subsurface drip irrigation is a recently introduced in some Gulf countries, a better understanding of its
performance in comparison with bubbler irrigation system (as the case in Oman), in local conditions, and
its impact on water use and yield of date palm is necessarily required. Several research studies argued that
SDI represents the recent improvement of irrigation and has the advantage to prevents, or in most cases,
significantly reduces losses of direct evaporation, runoff and deep percolation. The precise application of
water and fertilizers resulted in the increased water use efficiency, application uniformity of water and
consequently the improvement in crop yield. Limitations of this technology are mainly resulted on its
installation cost; requires very clean water; and sometimes difficult to determine if the correct amount of
water has been applied by the system, and when it becomes clear that it is too little, it may be too late.

The main objective of this study is to examine the efficiency of subsurface drip irrigation system for Khalas
palm trees in arid conditions, the experimental and demonstrative field is located in Al Kamil and Al Wafi
Agricultural Research Station at South Sharqeyah Governorate (Figure 6 & 7). The station is composed
(among other) of a fully equipped weather station to measure rainfall, temperature, wind speed, wind
direction, humidity and solar radiation. Our results will help to identify the most efficient technique for
water conservation among Bl and SDI, particularly for Khalas date palm variety in this arid farming systems.

Factors influencing water requirements

For the purpose of selecting the best field experiments, it is necessary to take certain aspects into
consideration, particularly for the calculation of the volume of water required by a palm. The following
aspects, playing a major role on influencing evapotranspiration, and consequently in this calculation, have
been considered:

e Soil salinity: If the soil is saline, more water must be given to enable a leaching process for clearing
the salt from the soil.

e Temperature: The higher the temperature, the higher the rate of evaporation and the more water
the plant needs.

e Humidity: The lower the humidity level, the more water needed.

e Wind (speed and occurrence): Higher constant wind speeds causes higher evaporation and thus
higher water demands.

Figure 6. Installation of the subsurface drip irrigation system (Radius 120 cm and Depth 50 cm)
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3.7. Data collection and methodological framework

Data collection
As mentioned before, data on water applied, required, temperature, evapotranspiration has been
collected from the experimental study conducted at Al Kamil and Al Wafi Agricultural Research Station
at South Shargeyah Governorate, Oman. The socio economics data used was collected from several
national and international sources.

Water use efficiency (WUE)
Water use efficiency — WUE was calculated as a ratio between the matketable yield and the seasonal values

of actual evapotranspiration using the following equation (Howell, 2001):

WUE =Y/W (1.a)
Where WUE is water use efficiency (kg/m?3), Y is total marketable date palm yield (kg) and w is seasonal
irrigation applied water (m?3).

Economic analysis
Partial budgeting method is used for economic comparison between both irrigation systems (BI vs SDI).
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Statistical analysis

Data collected was examined statistically by using the ANOVA procedure from the statistical analysis
software (SPSS). To compare treatment means, Fisher’s protected least significant difference (LSD) was
used for (p=0.05) significant level.

4. Results and discussion

4.1. Economic evaluation: Date palm yield (DPY)

The effect of the irrigation interventions on the date palm productivity is presented in the table and figures
below (Table 3 & Figures 8, 9). The empirical figures displayed in the table below indicate that no significant
difference on the date palm productivity under the intervention 1, irrigation with bubbler irrigation system
at the rate of 100% of water requirements and the intervention II (irrigation with subsurface drip irrigation
at the rate of 60 % of water requirements).

Table 3. Date palm productivity under the four irrigation interventions level (Kg/tree and Kg/ha)

Irrigation intervention type Yield - Experimental Yield — Potential
Irrigated Area Irrigated Area

(Kg/tree) (Kg/ha)

INTER I: Irrigation with bubbler irrigation system 79.0 12956

(BI) at the rate of 100% of water requirements

INTER II: Irrigation with subsurface drip irrigation 78.3 12841.2

(SDI) at the rate of 60% of water requirements

INTER III: Irrigation with subsurface drip irrigation 69.8 11447.2

(SDI) at the rate of 40% of water requirements

INTER 1V: Irrigation with subsurface drip irrigation 68.8 11283.2

(SDI) at the rate of 20% of water requirements

Sonrce: Owen elaboration from experimental data —Date palm project team in Oman (2017).
Note: Number of date palm trees/ha (10000 m?) = 164.

The productivity level under the first irrigation system is about 79 kg/tree, while it was around 78.3 kg/tree
under the second system. However, under the third (irrigation with subsurface drip irrigation at the rate of
40% of water requirements) and fourth intervention (irrigation with subsurface drip irrigation at the rate of
20% of water requirements), the productivity of the date palm — variety Khalas decreased to reach an average
of 69.8kg/tree and 68.8kg/tree, respectively (Figure 8 & Figure 9).

Figure 8. Date palm productivity under the four itrigation interventions level (Kg/tree)

[Jate lv:11|1\ P oductivity under the four irrigation interventions level
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Source: Owen elaboration from experimental data —Date palm project team in Oman (2017).
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Statistical analysis showed that no significant difference of productivity was recorded between the first and
second interventions. The same result was also found for the third and fourth interventions at the 0.05
statistical level. In general, the difference on productivity between Inter I, Inter 11, Inter III, and Inter IV
is, on average, for about 0.7 kg/tree, 9.2kg/tree, and 10.2kg/tree, respectively. This difference is about
114.8, 1508.8, and 1672.8 kg per hectare, respectively.

At the current market price (0.8 OMR/kg the Khalas vatiety), we note a difference of about US$238.78,
US$3138.30, and US$3479.42 at the hectare, between the BI and the three SDI interventions, respectively.
However, if we want to evaluate the real return and the net profit, we must consider the cost of water for
each intervention in addition to the running costs in each case.

Figure 9. Date palm productivity under the four irrigation interventions level (Kg/ha)

Diate 1:;:[1:1 Proc luetiv ty unc ler the four irr ig;ll'it:-rl interventions level
(kg/ha)
12956 12841.2
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11500
1 10000
10500
1 0000

INTER | {100%:) INTER 11 {G0%6) INTER 11 {40%4) INTER IV (20%5)

Sonrce: Owen elaboration from experimental data —Date palm project team in Oman (2017).

4.2. Environmental evaluation: Water Use Efficiency (WUE)
This section presents an assessment if the water use efficiency of both SDI and BI irrigation methods.
Empirical findings are presented in the following figures (Figure 10).

Figure 10. Water productivity under the four SDI irrigation interventions (Kg/m3)

A Aarer e Hl'll.('Ti\'iT_\"lI.l'lCl\"l the fos i::ig;-.a'riun intervrenitions level rT--.'.g';{'un.':]
5
4.5
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3.3
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2.5
1.5
1
0.5
O
INTER 1 {100%:) IMNTER 11 {&0%) INTER 11 {40%G0) INTER IV (20%5)

Source: Owen elaboration from experimental data —Date palm project team in Oman (2017).

Results shows that water productivity (kg/m3) increase with the decrease of water quantity. Findings
indicated that the fourth intervention (irrigation with subsurface drip irrigation at the rate of 20% of water
requirements) is the most efficient. Data shown in figures9-10 demonstrates that WUE was significantly
increased by 35, 52, and 72 % in case of subsurface drip irrigation (SDI) under the three intervention levels
(60% with WUE= 2 kg m-3, 40% with WUE= 2.7 kg m3, and 20% with WUE= 4.7 kg m-3) compared to
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bubbler irrigation (BI with WUE= 1.3 kg m~). These findings confirmed that SDI contribute to save 35
and 72% (depending on the implemented intervention) of irrigation water without decreasing the Khalas
date palm productivity level.

These results suggest that, from the environmental point of view, a significant reduction in the volume of
water can be achieved when using SDI system. This amount of water saved by hectare under the three SDI
options 60%, 40%, and 20% is estimated to be 3545.554, 5726.45, and 7565.473 m3, respectively. At an
estimated average price of US$0.041 per m? of irrigation water, the average dollar value saved by hectare
under the three options will be around US$ 145.36; US$ 234.78; and US$ 310.18, respectively.

Table 4. Quantity of water consumed and saved under the four irrigation interventions level (m3/ha and

US$/ha) — SI vs SDI

Irrigation Water Total Total Potential Potential Potential Potential
intervention Use Water Water Water Water Water Water
Efficiency | Consumed Saved Saving Saving Saving Saving
(kg/m3) (m3/ha) (m3/ha) (US$/ha) (US$/ha) (US$/ha) (US$/ha)
BI vs BI vs SDI BI s SDI BI vs SDI BI s SDI
SDI Scenario I | Scenario II Scenario Scenario
I11 Iv
INTER 1 1.3 9966.154 - - - - -
INTER IT 2.0 6420.6 3545.554 74.456634 109.912174 | 145.367714 | 180.823254
INTER III 2.7 4239.704 5726.45 120.25545 177.51995 234.78445 292.04895
INTER IV 4.7 2400.681 7565.473 | 158.874933 | 234.529663 | 310.184393 | 385.839123
Sonrce: Owen elaboration from experimental data —Date palm project team in Oman (2017).
Note:

®  Number of date palm trees/ feddan (4200 m?) = 64.
®  Number of date palm trees/ha (10000 m2) = 164.

®  Water pricing scenatios: The combined capital, maintenance and energy cost of pumping groundwater from a typical
dug well for traditional irrigation is estimated at about US$0.021/m3 (Scenatio I) and US$0.031/m?3 (Scenario II) for
average conditions). Pumping costs from a tube well for a modem irrigation system, requitring a larger pumping head,
are between US$0.041 (Scenario IIT) and 0.051/m3 (Scenatio IV).

The results presented in the table above (Table 4) indicated that there is a potential cost saving by using
subsurface drip irrigation (under the tree intervention types) in comparison to bubbler irrigation system
(BI). This saving is ranging from 74.45%/ha to 385.8 $/ha according to the SDI irrigation intetvention
category used. This result suggests that a considerable amount of water (in terms of quantity and value)
could be potentially saved by using SDI, and consequently a more sustainable farming system for Khalas
date palm variety in the research site, in particular and, in the Sultanate of Oman, in general.

4.3. Economic analysis (EA)
Total annual date palm water use will certainly have a significant impact on the water costs. Thus, the
irrigation method will clearly affect the total return and the net profit. In addition, we should indicate that
initial cost (equipment and installation) for SDI system is higher than the BI system.
Hypotheses used in this economic analysis are as follows:
e The expected life of the bubble irrigation system (BI) is 10 years.
e The expected life of the subsurface drip irrigation system (SDI) is 10 years
e The economic analysis was conducted taking into consideration the depreciation of the installed
irrigation system in both cases. Results are at the hectare level and per year.
e The price of one m3 of irrigated water used in the analysis is US$0.041.
e One Omani Rial (OMR) = 2.60 § (average January-March 2017).
e The average cost of installing bubbler irrigation system (equipment and installation) at the hectare
is estimated at 1963 OMR (which is equivalent to US$5098.04) ha. The cost of operation and
maintenance is estimated at 6% of the equipment and installation cost per ha and year: US$305.88.
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e The quantity of water used for one ha of Kbalas date palm trees using bubbler irrigation system is
estimated at 9966.154 m3. The cost of this water used is around US$408.61.

e The average cost of installing subsurface drip irrigation (equipment and installation) is estimated at
2614 OR (equivalent to US$ 6788.73). The cost of operation and maintenance is estimated at 6%
of the equipment and installation cost per ha and year: US$ 407.32.

e The quantity of water used for one ha of Khalas date palm trees using subsurface drip irrigation
system at the level of 60, 40, and 20% of water requirement is estimated at 6420.6, 4239.704, and
2400.68 m3, respectively. The cost of the used amount of water is US$145.36, US$234.78, and
US$310.18, respectively.

The empirical findings are presented in Table 5. Results displayed in this table shows the effect of irrigation
method on water cost, total return and net profit considered in average values at the hectare level. The
results indicated that, under bubbler (BI) irrigation system, the total return, total variable costs, water costs
and net profit were 20211.36, 5857.81, 1224.29, and 13129.25 § ha'l, respectively. In addition, we noted a
slight difference in net profit when using SDI at the rate of 60% of water requirements. This additional
benefit will be about US$12825.02/ha.

Table 5. Effect of irrigation method on total cost, total return and net profit — Variety Khalas

Irrigation intervention Yield — Total Total Water Costs | Net Profit
Potential Return Variable ($/ha) ($/ha)
Irrigated Area ($/ha) Costs
(Kg/ha) ($/ha)
INTER I: Irrigation with bubbler 12956 20211.36 5857.81 1224.29 13129.25
(BI) at the rate of 100% of water
requirements
INTER  II:  Irrigation  with 12841.2 20032.27 5857.81 1349.43 12825.02
subsurface drip irrigation (SDI) at
the rate of 60% of water requirements
INTER III: Irrigation  with 11447.2 17857.63 5857.81 1260.02 10739.80
subsurface drip irrigation (SDI) at
the rate of 40% of water requirements
INTER IV:  Irrigation  with 11283.2 17601.79 5857.81 1184.62 10559.36
subsurface drip irrigation (SDI) at
the rate of 20% of water requirements

Source: Owen elaboration from experimental data —Date palm project team in Oman (2017).
Notes:

®  Number of date palm trees/ feddan (4200 m?) = 64.

®  Number of date palm trees/ha (10000 m2) = 164.

®  The market price of the variety Kbalas is estimated to be 0.8 OMR (2.08 §).

®  The total variable costs were estimated at US$ 5202.57/ha (Dhehibi e/ 4/, 2016).

® In the total return, we consider only 75% of the production is marketable (25% are considered as waste).

®  Water costs ate calculated using the following estimations: For both irrigation systems (BI and SDI), the itrigation/watet
cost by hectare includes the equipment cost (depreciation), operating, maintenance cost, and the value of the consumed
amount of water.

Furthermore, by using SDI at the rate of 40 and 20%, we note a significant difference in net profit compared
to the benefit recorded when using bubbler irrigation method. This difference is ranging between 2389.45
$hat (SDI at 40% of water requirement) and 2569.89 $ha! (SDI at 20% of water requirement). This analysis
showed that total return and net profit values of Khalas date palm trees increased with the BI irrigation
method in comparison to the SDI (under the three interventions). This fact is due to two major factors:
The first one is the amount of water used by BI which impact the yield and consequently the total return.
The second factor is the increase in water costs generated mainly by the high upfront investment cost (Both
equipment and installation) of SDI in comparison with BI investment cost.
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The capital cost associated with installing such a system limits the feasibility of adopting this technology at
the short time. Therefore, in the medium and long run periods, the sensitivity of investment and water
saving indicate that installation of SDI for date palm trees production system and its use under the three
interventions could be profitable investment. Thus, using SDI at the 60% rate of water requirement, if
combination equivalent to 12841.2 kg/ha/year, valued at § 20032.27 /ha/year, coupled with 35% water
savings, valued, on average and per year and hectare, at 74.45 §. In a period of ten (10) years, the total value
of net profit is estimated to be US$3040/ha. Therefore, the water saving will be around 744.5 $/ha. This
result suggest the existence of water economic profitability in the long term by using SDI system in the date
palm farming.

5. Concluding remarks and policy implications

The aim of the first section of this report was to examine the performance of bubbler irrigation system (BI)
and subsurface drip irrigation systems (SDI) at Al Kamil and Al Wafi Agricultural Research Station — South
Sharqiya, Sultanate of Oman. The performance of both systems was evaluated in terms of water use
efficiency, economic performance, and yield of date palms (Cv. Kbalas). Three intervention levels on SDI
have been used: subsurface drip irrigation at the rate of 60% of water requirement, SDI at the rate of 40%
of water requirement, and SDI at the rate of 20% of water requirement. Results of this experimental study
showed that SDI under the three intervention/options uses water more efficient in comparison to the BI
system. Indeed, a considerable quantity of water for about 3545.554, 5726.45, and 7565.473 m3/ha could
be saved by using SDI at the rate of 20%, 40 and 60% of water requirements, respectively. Thus, the WUE
indicator is for about 2.0, 2.7 and 4.7 kg/m?, respectively. These figures are much higher when are compared
to BI system where WUE is around 1.3 kgm-3.

The economic evaluation and comparison between both systems suggest a considerable effect of the used
irrigation method on the water cost, total return and net profit. Indeed, under Bl irrigation system, the total
return, total variable costs, water costs and net profit were 20211.36, 5857.81, 1224.29, and 13129.25 $ ha-
1, respectively. From another hand, by using SDI at the rate of 60% of water requirements, we note a slight
difference in net profit when using this irrigation system, which is about US$12825.02/ha. Economic
findings suggest that using SDI method versus BI method have additional cost but is economical at the
long term as the SDI found to sustain the date palm farming system in this region where arid conditions
acts as natural constraints for expansive agriculture. Therefore, this sustainability of SDI in comparison to
the BI could be reached if SDI system is well designed, maintained and used propetly.

Furthermore, based on the results of this experiment, (although measured for only one season), it is possible
to conclude that subsurface drip irrigation for date palms is an effective and practical method for irrigating
date palms where, a noticeable volume of water could be saved due to the elimination of evaporation water
compared to other irrigation systems including the BI system. In addition, under the arid and semiarid
climates conditions, as the focused studied region, where rainfall is minimal and the air temperature is high,
this will result in high increase in evaporation rate from soil surface that result in salt accumulation in the
top layer of the soil where active roots concentrates which in turn lead to yield reduction, the use of SDI
system could eliminate the weed growth around the tree and prevent salt accumulation on the soil surface.

Recommendations
Results from the present research study in Oman suggest the following:

e It is understood from the study that investment/capital cost required to install subsutface drip
irrigation is relatively high. Therefore, measures can preliminary be taken to reduce the cost of
equipment by promoting production and supply of low cost SDI systems.

e The adoption of modern irrigation techniques such as drip and subsurface drip irrigation is more
than needed today for this very arid regions. This is mainly to increase water use efficiency and
date palm productivity. Therefore, in the short time, the capital cost associated with installing such
a system limits the probability of adopting this technology. This suggests that:
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o Research on SDI should be given the required attention in order to be able to produce
low cost SDI systems.

o Training programs should be conducted for farmers on the design, maintenance and the
proper use of these SDI systems.

o Extension education programs are to be developed and implemented in order to enhance
farmers’ adoption rates of modern irrigation methods.

e To accelerate the adoption process of these technologies, it is imperative to create favourable
conditions so that a greater number of farmers can take advantage from the benefits of such
technologies. A creation of a strong networking among different institutions related to applying
this modern irrigation technology and involvement of public and private financial institutions and
support services could be an example of mechanisms to enhance adoption.

e TFurther studies could be carried out to investigate the barriers of adoption of new irrigation method
by farmers and develop solutions to overcome these barriers to conserve limited water resources
for obtaining Omani sustainable agriculture goals.
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