inter 2022. Vol 14. Issue 51

Research Paper

Evaluation of Moisture Advance Front Pattern in Subsurface
Drip Irrigation with Continuous and Pulse Flow

Nazir Karimi?, Bakhtiar Karimiz*

1. Former MSc Student of Water Science and Engineering, College of Agricultural, University of Kurdistan,
Sanandaj, Iran
2. Assistant Prof. of Water Science and Engineering, College of Agricultural, University of Kurdistan,
Sanandaj, Iran

Received: 2019/01/28 : Abstract

Revised: 2019/07/03 Introduction: Surface and subsurface drip irrigation (SDI) is widely
Accepted: 2020/12/19 used in arid and semi-arid regions due to water saving. The precise
design of these systems requires a precise understanding of the
wetting advances pattern under different condition.

Methods: In order to investigate the moisture distribution pattern in
SDI, the laboratory experiments were carried out in a transparent
polycarbonate box (0.5m *1.22m * 3m) using three different soil
textures (i.e. fine, medium, coarse). The drippers were installed at 2
different soil depths (i.e. 15cm and 30 cm). The emitter outflows rates
were considered as 2, 4 and 6 lit/hr. Also, these experiments were
conducted for two continuous and pulse flow. In SDI with pulse
application, the pulse cycles were considered 30-30, 20-40 and 40-20
min. The first number was the irrigation time (on) and the second
number was the rest time (off) of the system in each cycle.

Findings and Conclusion: The results of this research showed that
the moisture advance pattern moved more horizontally with
increasing the rest time for SDI with pulse application. Also,
horizontal distribution of moisture front (for the same water volume)
for low emitter outflow was more than emitter with high outflow
rate. As well as, the maximum depth of wetted front was related to
emitters with higher outflow rate in the coarse texture, and in fine
texture is related to lesser outflow rate. The results indicated that the
horizontal distribution for pulse ratio 20-40 (these values varied
from 68.38 to 93.66 cm) was more than two other pulses (these
values ranged between 64.91-85.94 and 66.4-81.19 cm for pulse ratio
40-20 and 30-30, respectively) and continuous application (these
values varied from 60.6 to 83.82 cm).
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Evaluation of moisture advance front pattern in subsurface drip irrigation with continuous and pulsed flow

Extended Abstract

Introduction

Drip irrigation system with high efficiency
is one of these new irrigation systems that
have numerous inherent capabilities.
According to accurate control and suitable
management in the drip irrigation system,
irrigation efficiency can be maintained at a
high level. In some areas, due to the climatic
conditions of the region and intense
sunlight, a large part of the applied water
volume is lost due to evaporation from the
soil surface. According to the population
growth rate, the demand for producing food
increase despite the scarce water resources.
Drip irrigation systems is one of the most
efficient systems that usually recommended
to overcome this problem and enhancing
the water use efficiency as they minimize
water losses via eliminating the surface
runoff, deep percolation and evaporation
from the soil surface. With a good design
and correct operation of the systems, it
plays significant role in uniform water
distribution between the emitters and
laterals that can increase the efficiency of
the water/fertilizer use, and reduce water
application losses. In designing drip
irrigation systems, the dimensions of the
wetted pattern in horizontal and vertical
directions are two main factors for
optimizing  emitter  spacing, lateral
placement and installation depth of
emitters. According to the literature review
that have been conducted in the field of the
moisture front pattern under pulse and
continuous subsurface drip system (SDI), it
is clear that a comprehensive and complete
study has not been carried on the effect of
the irrigation mode (continuous and pulse)
on soil texture, different discharges and
different installation depths (drippers).
According to the studies conducted in the
field of wetting bulb pattern, it is clear
various studies have been related to the
surface drip irrigation with pulse and
continuous application and limited studies
have been conducted on subsurface
irrigation. Therefore, the main purpose of
this study is to compare the moisture front
pattern in the subsurface drip irrigation
system with continuous and pulse mode.

Also, the change of flow on-off time in the
pulse system is one of the influential factors
on the wetting pattern, which in this study
was comprehensively evaluated under
different scenarios. Finally the best pulse
cut-off time considered for the pulse drip
irrigation system.

Materials and Methods

The experiments were conducted in the
water science and engineering department
of the Agricultural College of University of
Kurdistan, Iran. In order to evaluate the
wetting front pattern in SDI, the laboratory
experiments were conducted in a
transparent polycarbonate container (0.5m
*1.22m * 3m) using three different soil
textures (i.e. heavy, medium, light). The
drippers were installed at 2 different soil
depths (i.e. 15cm and 30 cm). The emitter
outflows rates were considered as 2, 4 and
6 lit/hr. Also, these experiments were
conducted for two continuous and pulse
flow. In SDI with pulse application, the
pulse cycles were considered 30-30, 20-40
and 40-20 min. The first number was the
irrigation time (on) and the second number
was the rest time (off) of the system in each
cycle. In this study, at the end of each
experiment, by providing photos of
moisture bulb, water distribution was
measured in the horizontal and vertical
directions.

Findings

The results of this study showed that in the
subsurface continuous and pulse drip
irrigation system with pulse ratio of 40-20
in lower outflow (e.g. 2 liters per hour) the
horizontal distribution will be higher than
the vertical distribution in all investigated
treatments but vertical distribution will be
higher than horizontal distribution for
higher discharge (e.g. 6 liters per hour). In
pulse irrigation with pulse ratio of 30-30
vertical distribution (for all discharges and
soil textures) will be more than horizontal
distribution and for pulse ratio of 20-40
horizontal distribution (for all treatments)
will be more than vertical distribution. In
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general, it can be stated that by increasing
cutting-off time, the moisture horizontal
distribution increases and water advances
front moves more towards the horizon. The
results of this study showed that in the
subsurface drip irrigation (with continuous
and pulse mode) for the equal applied
water volume, the horizontal distribution of
the moisture front will be relatively higher
for lower outflow than higher outflow. The
results of this study also indicated that in
the continuous and pulse subsurface drip
irrigation system for an equal applied water
volume, the maximum wetting depth in
light texture is related higher discharge and
in heavy texture related low discharge.

Discussion

The results of this study showed that in
continuous and pulse subsurface drip
systems for all investigated outflow rates,
the highest horizontal distribution and
wetting depth are related to light texture
and the lowest horizontal distribution and
wetting depth are related to heavy texture
because  the heavy texture have
considerable percentage of clay. It causes
that absorption capacity of water by soil
particles will be higher and the water
movement will be slower than light texture
in different directions. The results of this
research demonstrated that in the
continuous and pulse subsurface drip
irrigation for the equal applied water
volume, the horizontal distribution of the
moisture front will be relatively higher for
lower outflow than higher outflow because
in the subsurface drip system, the water
movement in the horizontal direction will
be more dependent on the matrix force of
the soil and water in lower discharge has
more opportunity to move horizontally than
high discharges. But in higher outflow, due
to the high outflow rate and water volume,
water does not have the enough
opportunity for horizontal distribution and
finally, the gravity force prevails and causes
the water move in vertical direction.

Conclusion
In general, the results of this study showed

that by changing the soil type, outflow rate,
the emitter installation depth and irrigation
application mode (pulse and continuous),
the values of the moisture adavnces front
significantly change in different directions.
The results showed that in the pulse
subsurface drip irrigation system, by
increasing rest time in each cycle,
horizontal distribution increases, therefore
the distance between the emitter and
dripper can be more considered. The results
also showed that the lowest and highest
water rise is related to light texture and
medium-heavy texture in the subsurface
irrigation system, respectively. Therefore,
according to these results, it is clear the
emitter installation depth should be
considered less that in sandy soils (because
water is less rising) so that water can easily
reach the soil surface and deepercolation
losses are also reduced. Also, the emitter
installation depth can be considered more
for medium and heavy soils.
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