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ABSTRACT

The technology of subsurface soil water retention (SWRT) uses a polyethylene trough that is
fixed under the root zone of the plant. It is a modern technology to increase the values of water
use efficiency, plant productivity and saving irrigation water by applying as little irrigation water
as possible. This study work aims at improving the crop yield and water use efficiency of a
cucumber plant with less applied irrigation water by installing membrane trough below the soil
surface. The field experiment was conducted in the Hawr Rajab District of Baghdad Governorate
in Winter 2018 for testing various trickle irrigation systems. Two agricultural treatment plots
were utilized in a greenhouse for the comparison. Plot T1 has used a subsurface trickle irrigation
together with membrane trough. Plot T2 has used only surface trickle irrigation system without
using SWRT. The total area of the plots T1and T2 was 13.2 m? and 6.66 m?, respectively. The
obtained results of the study confirmed that the plot T1 satisfies values greater than plot T2 in
terms of crop yield, field water use efficiency and in saving the applied irrigation water. The
increase rate of field water use efficiency and crop yield in plot T1 compared with plot T2 was
103 %, and 24 %, respectively. Additionally, the increase rate in saving the applied irrigation
water in plot T1 comparing with plot T2 was 64 %. The installation of the membrane trough
below the plant’s root zone together with subsurface trickle irrigation system assisted in keeping
the water, nutrients, and fertilizers during the root zone profile, improving the field water use
efficiency and then the parameter of water productivity.

Keywords: Subsurface trickle irrigation, subsurface water retention technology, yield, water use
efficiency.
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1. INTRODUCTION

The issue of water shortage and its scarcity is one of the most serious problems and challenges
that threaten the future of the earth. The huge population growth and the variable climate lead to
a change in the availability of water resources. Immoderate demand for food is predictable to
increase, and it is important to evolve our ability to produce food with less water. There are a
few basic processes of utilizing water resources in the land to meet rising food demands,
Descheemaeker, et al., 2013. One of the utilizing method and saving the applied irrigation water
is the use of soil water retention technology (SWRT) along with the surface and subsurface
trickle irrigation system. SWRT can keep water and nutrients, and it saves up to 50 % of the
water and fertilizers added in agricultural land, Cameron, et al., 2013. SWRT is a water-saving
membrane made of low-density polyethylene (LDPE), and that is installed as U-shaped beneath
the root area of the plant with a particular aspect ratio (the ratio of width to height), leaving a
proper space for root growth and ease of movement with internal drainage through excessive
rainfall. Guber, et al., 2015, emphasized that the preferable aspect ratio to place a membrane
under the surface of the soil is 2:1 through an experiment conducted in a greenhouse. They used
the HYDRUS-2D model to simulate the lowest water losses in the various aspect ratios, using
different aspect ratios for comparison 3:1 and 5:1 at a depth of 20 cm and 40 cm. The results
showed that the lowest water losses are achieved utilizing a membrane of 2:1 and a depth of 20
cm. It is a modern technology to increase plant productivity by applying as little irrigation water
as possible. Installation of the membrane trough in the top 50 to 75 cm of sandy soils augment
both top soils land biomass and food output by 40 % to 400 % with essential decrease of
irrigation water, Smucker, 2016. Al-Rawi, 2016, explained a significant increase in water use
efficiency and the overall yield of cultivating tomato plants. The work was conducted in Diyala
Governorate when comparing using SWRT with subsurface trickle irrigation and using
subsurface trickle irrigation only where the increase was 88.78 % and 15.35 %, respectively. The
global use of surface and subsurface trickle irrigation system has increased dramatically in recent
decades. The major advantage of these systems is the possibility of increasing crop yields while
reducing water use and fertilizer and agriculture costs. Subsurface trickle irrigation is a suitable
system for irrigation the desert lands and arid lands because it gives the best control over
irrigation water and works on processing water near the root area if used well. As for the effect
of subsurface trickle irrigation on the efficiency of water use, Lamm and Trooien, 2002
reported that subsurface trickle irrigation water provision of 35 % to 55 % were probable
compared to conventional irrigation forms like sprinkler and furrow irrigation systems.
The aim of this study is to improve crop yield, field water use efficiency of cucumber plant and
the value of saving in applied of irrigation water with subsurface trickle irrigation system
together with the soil water retention technology (SWRT).
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2. MATERIALS AND METHODS

2.1 Experimental Works

The research was carried out in a greenhouse within the town of Yusufiyah, in Baghdad
Governorate, Iraq during Winter of cucumber plant from January 1%, to May 8™, 2018. The work
was conducted in a field belonging to a farmer cultivated a cucumber plant and except to did the
experiment work in his field. Therefore the cucumber plant was used. The experiential field was
situated at Latitude: 33°09' N, Longitude: 44°24' E, and altitude: 34 m. The major source of
applied water was from the well near the greenhouse. Four soil samples were taken from the
fieldwork at depths 15 cm and 30 cm. Lab analyses of soil specimens were carried out at the
Graduate Laboratory of the Faculty of Agriculture, University of Baghdad. The target of the
analyses was to determine the type and soil texture, field capacity, permanent wilting point, and
bulk density. The analysis of the soil texture showed that the soil texture was classified as
medium loam soil. Also, bulk density, field capacity, and permanent wilting point were
measured and was equal to 1.54, 22.65 (% by volume) and 9.73 (% by volume), respectively.

2.2 Agricultural Treatment Plots, Experiential Layout, and Crop Type

The greenhouse used in this study was extending in an N-E trend; it was 10 meters in length, 9 m
in width, and 3 m in height with a whole cultivated area of about 20 m?. It was enveloped by
200-um polyethylene membrane. It was not equipped with ventilation or heating systems. A
system of trickle irrigation surface and sub-surface trickle irrigation system was used to irrigate
the cucumber plant. Surface trickle system was used with double lateral pipes of diameter 13 mm
and of length 10 m, and each lateral pipe contains built-in 25 emitters placed at 0.4 m. The
average flow rate from the emitter was 25 ml/ min. Subsurface trickle system was used with
three lateral pipes of diameter 16 mm and of length 10 m, and each lateral pipe contains built-in
32 emitters spaced at 0.31 m. It was placed at a depth of 10 cm below the surface of the soil.
Fig. 1 presents the layout of the systems inside the greenhouse. Cucumber plant (Cucumis
sativus) was cultivated on 0.4 m and 0.31 m distance among plants on both sides for surface and
subsurface trickle irrigation system, respectively. The water content of the soil before irrigation,
date and irrigation time and the flow rate of the emitter were recorded when possible in each
irrigation process. Two plots were used for the study fieldwork, plot T1 where the membrane
sheet was installed beneath the soil surface with subsurface trickle irrigation system and plot T2
where surface trickle irrigation system was used only without installing the membrane sheet. The
area of the plots T1land T2 was 13.2 m?and 6.66 m?, respectively. The difference in the selected
area was due to the equalization of the number of emitters per square meter and because it was
the available area.
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Figure 1. The layout of the systems inside the greenhouse.

2.3 Soil Water Retention Technology

Soil water retention was a technique of installing a membrane made of low-density polyethylene
sheet of thickness 200um fixed at depth 35 cm beneath the ground surface with aspect ratio 3:1
(width to depth). The membrane trough was manually installed, and the digging operations were
done by hands. The membrane width was 75 cm with both sides of the height 25 cm. Fig. 2
presents the location and dimensions of the membrane trough.

Cucumber Cucumber Cucimber

& Soil surface

35 cm TS5 cm

25 cm

Membrane sheet

Figure 2. Location and dimensions of the membrane trough.
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2.4 Crop Yield
The total of the pickings crop’s output was expressed as a gross vegetable crop yield. The crop
yield in kg/ m? was expressed as substantive by Mady and Derees, 2007:

Total weight of the crop (kg)

Crop Yield = @)

Total area of the crop (m°)
2.5 Field Water Use Efficiency

The field water use efficiency (FWUE) was the result of a complete position of the plant
and ecological processes operating along the life of a crop to determine both the water applied
and the yield. The following equation was utilized to calculate the FWUE in (kg/ m?) by FAO,
1982:

Yield (kg/m?)
Gross depth of applied water (m)

3. RESULTS AND DISCUSSIONS

3.1 Influence of SWRT on Depth of Applied Depth and Crop Yield

In this work, irrigation water was added when 80 % of readily available water (RAW) was
exhausted and equal to 50% of the available water during the growing season. The irrigation
scheduling was applied from January 1% to May 8™, 2018 for a total growing season equal to 128
days. Table 1 presents the number of irrigations, gross depth of applied water, plot and crop
yield for each month during the growing season of cucumber. The overall numbers of irrigation
process during the growing season for plots T1 and T2 were: 11 and 34, respectively; the
frequency of irrigation in plotT2 was increased by 209 % compared with plot T1. Additionally,
the gross depth of applied water for plots T1 and T2 were 133 and 218 mm, respectively with
64 % expected value in water saving in plot T1.

FWUE=

(2)

Table 1. Number of irrigations, gross depth of applied water, plot and crop yield of the

cucumber.
Month Number of Gross depth of applied Plot and crop yield
irrigations water (mm) (kg /Im?)
T1 T2 T1 T2 T1 T2
January 1 8 51 39 0 0
February 0 5 0 23 0 0
March 4 10 31 65 1.33 1.11
April 5 9 42 73 3.1 2.52
May 1 2 9 18 1.27 0.97
Total 11 34 133 218 5.7 4.6
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Fertilizer and insecticides were added to the plant for the two plots during the growing season in
proper amounts and time when required as recommended by an agricultural specialist. The
picking production of the crop was starting from mid of March to the early days of May. The
crop yield for the two plots T1 and T2 was equal to 5.7 and 4.6 kg/ m?, respectively with major
increasing value of 24 % in T1 compared with T2. Fig. 3 presents the accelerated cucumber
growth with SWRT under subsurface trickle irrigation.

Figure 3. Accelerated cucumber growth with SWRT in plot T1 under subsurface trickle
irrigation comparing with plot T2.

3.2 Influence of SWRT on Field Water Use Efficiency

The value of the field water use efficiency index which was calculated based on Eq. (2), for the
plots, T1 and T2 were 42.9 and 21.1 kg /m?3, respectively. The increasing value in plot T1 was
greater than plot T2 by 103 %. This was due to the increase in the crop yield, and the reduction
in the applied water. Savings more water for the same crop yield will promptly raise the field
efficiency of water use.

The reduction in the applied depth of water and numbers of irrigation process in plot T1 was due
to the soil moisture that was still existing over the membrane trough, and the plant root zone
absorbed the water by capillary rise. The membrane trough was acting as a barrier holding the
soil moisture. Furthermore, the subsurface trickle irrigation system prevents evaporation and
works to transfer water directly to the root area, so saving the greatest amount of soil moisture.
Additionally, the increase in the field water use efficiency was due to the trough was worked to
save agricultural chemical elements and nutrients as well as limited the deep filtration of water
and thus maintain the appropriate water and moisture as long as possible saving more water.
Also, subsurface trickle irrigation distributed moisture appropriately near the root zone and thus
access nutrient-rich water directly to the root area and reduced the number of irrigation
processes.

59



Number 9 Volume 25 September 2019 Journal of Engineering

4. SUMMARY and CONCLUSIONS
The installation of the membrane trough beneath the soil surface combined with the subsurface
trickle irrigation system in plot T1 has significantly affected the following factors:

1- The total depth of applied water was reduced by 64% and accordingly the number of irrigation
processes was reduced by 209 %.

2- The crop yield in plot T1 was greater than that in plot T2 by 24%.

3- The field water use efficiency in plot T1 was greater than in plot T2 by 103%.

For the time being the water resources in our country was reduced and it was clear that there was
a shortage in holding enough water for irrigating the agricultural lands. Moreover, the change in
the global world also affects the limited and quantities of water resources. Therefore, looking for
modern technologies was the main goal. These modern irrigation technologies were beneficial in
keeping the invaluable gift of nature (water). The saving in applied water, saving in several
irrigations processes and to the increasing values of the crop yield and field, water use efficiency
was improved due to installing the membrane trough below the soil surface together with the
applied of the new technology of subsurface trickle irrigation. The membrane trough works as
soil’s retention of the moisture and reducing the losses of applied water, fertilizer and pesticides
materials. While the subsurface trickle irrigation system regularly distributes the moisture,
reduces surface evaporation loss and directs water supply to the root area. Moreover, the
impression of saving more water and high obtained yield with less applied water was led and
encouraged the farmer(s) to use the modern irrigation technologies as well as with simple
information data in the sandy soil and desert area with or without a complementary irrigation
system. At the same time, raising the economic level of the farmers as long the farmer looking
for more return and profits and then influenced the community.
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NOMENCLATURE

FWUE = field water use efficiency.
SWRT = soil water retention technology.
T1 and T2 = treatment plots.

Y = crop yield.
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