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SOIL CONDITIONER EFFECT
ON SOIL WETTING PATTERNS UNDER PULSED
DRIP IRRIGATION SYSTEM

Abd-elhakim, A. Ibrahim”
ABSTRACT

Optimal drip irrigation design and management depend on soil wetting
patterns where, sandy soil under continuous drip irrigation was the depth
of wetting pattern is relatively higher than the width that leads to increase
deep percolation beyond root zone. Therefore, the study aim to improve
drip irrigation efficiency using soil conditioners with pulse drip
irrigation. An empirical mathematical model was used to describe soil
wetting patterns. The laboratory experiments were conducted on sand soil
using soil conditioners named commercially by Composite that contains
mixed materials in the rate of 5:1 from local "Aswan Clay and Hydrogel
(super absorption polymer, SAP) with pulsed drip irrigation at cycle ratio
equal 0.5 for different cycles times "P" (20, 30, 40 and 60 minutes). And
also, an empirical model by Al-Ogaidi, et al., (2016) was used to estimate
the wetted radius of dripper at the soil surface and at the depth of the
wetting pattern. Results demonstrated that using composite with pulse
flow technique in sand soil led to increase both soil moisture distribution,
moisture percent, and the wetting front advances in horizontal direction
more than vertical direction. Percentage of the surface and maximum
wetted radius to wetted depth under dripper were increased. Also, the
percentage of the soil surface wetted radius for all treatments compared
to continuous flow without soil conditioner was increased. Predicted and
observed values were compared well to test model applicability in
laboratory conditions on the basis of model performance parameters. The
result shows the advantage of soil conditioner with pulsed flow method
for reducing the deep percolation of water under the root zone, while
obtaining a wide horizontal spread of wetting.

* Researcher, Agricultural Engineering Research Institute (AENRI) El-Dokki,
ARC Giza.
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INTRODUCTION
E gypt has been suffering from severe water scarcity in recent years.

When using drip irrigation, the infiltrated water in the soil forms a

wetted zone of a shape similar to a truncated sphere or ellipsoid
depending on the total volume of applied water, emitter discharge, and
soil hydraulic properties. From optimum techniques to improve soil
wetting patterns in sandy soil was pulsed drip irrigation with soil
conditioners to increase irrigation efficiency whereas, Pulsing irrigation
refer to the practice of irrigating for a short period then waiting for
another short period, and repeating this on-off cycle until the entire
irrigation water is applied. (Eric et al., 2004). Pulse drip irrigation is used
in a lot of arid and semi-arid regions, largely to reduce water losses and to
improve crop yields and water use efficiency. Applying pulse drip
irrigation technique lead to increase in water movement in horizontal
direction more than vertical direction thus increasing in water soil volume
(Li, et al., 2004; Bakeer, et al., 2009; Skaggset et al.,2010; Abdel tawab,
2015). Ismail, et al., (2014) reported that the advantage of pulse flow, for
reducing the deep percolation of water under the crop root zone, while
obtaining a wide horizontal spread of wetting. This enables using a highly
discharge emitter with the same amount of water.
Soil conditioners positively affect hydro-physical properties of sandy soil,
decreasing soil bulk density as well as macro porosity (drainage pores) on
the expense of micro ones therefore, water-holding pores were increased
), their ability to increase soil moisture for longer periods, improve seed
emergence, reduce crust problems and also, increase Horizontal wetting
front advance, while led to reduce infiltration, saturated hydraulic
conductivity and deep percolation losses (Al-Darby, 1996; El-Hady, et
al., 2006; Maghchiche et al., 2010; Ali ,2011; and Zin EI-Abedin, et al.,
2015). Hydrogel as soil conditioner is the commercial name for super
absorbent polymer (SAP) where, the use of super absorbent polymers
(hydrogels) for soil conditioning is considered an effective way to solve
the problems of water limitation of sandy soils for reclamation of newly
desert areas. Yanget al., (2014) indicated that SAP with good water
retention properties, was very effective in enhancing water uptake and
utilization of water for plants growth.
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The wetting patterns are one of an important factor to consider when
designing and managing a drip irrigation system (Dasberg and Or, 1999).

Several models have been developed to determine the wetting pattern
under drip irrigation systems. The most common models are numerical,
analytical, and empirical models (Subbaiah, 2013), to estimate only the
wetted radius at the soil surface and the wetted depth at the surface or
subsurface drip irrigation system. Al-Ogaidi et al., (2016) developed an
empirical model to estimate the vertical and horizontal advance of the
wetting front at different application times whereas, the proposed model
predicts the full wetting pattern with acceptable accuracy and performs
well in replicating published experimental data.

The use of soil conditioners as 'composite’ material is considered as an
effective way to solve the problems of water limitation of sandy soils for
reclamation of newly desert areas whereas lead to increase in water
movement in vertical direction more than horizontal direction under
continuous drip irrigation. Therefore, the objective of this research was to
study the effect of the use of soil conditioners on sandy soil wetting
patterns under pulsed drip irrigation system, and use an empirical model
by (Al-Ogaidi, et al., 2016) to describe the full wetting pattern.

MATERIAL AND METHODS

1. Laboratory experiment

The laboratory experiments were conducted at pumps test Laboratory,
Testing and Research Station for Tractors and Farm Machinery,
Alexandria Governorate. A soil container of internal dimensions (50 cm
length, 50 cm width, and 60 cm depth) was used in the experiments as
shown in Fig.(1). The glass container was used; two sides of this
container are draw coordinates around dripper to monitor the advance of
wetting patterns at different times during the experiments. Soil type that
used in the experiments was a sandy soil. Enough soils’ amounts were
collected, spread; air dried, sieved through a 2 mm screen, mixed
thoroughly to achieve constant water content, and packed in plastic bags
to maintain approximately the same water content for the whole soil. The
soil properties are listed in Table 1. The used soil conditioners named
commercially Composite that consists of mixed materials in the rate of
5:1 from local "Aswan Clay and Hydrogel (super absorption polymer,

Misr J. Ag. Eng., April 2019 - 475 -



IRRIGATION AND DRAINAGE

SAP) as shown in Fig.(2). This material was placed and covered it in a
sandy soil at depth of 10 cm from soil surface. From advantages this
material its ability to absorption of water, and storage it then it's give for

plants roots effectively.
Tap,

! ; By pass
I

Presmre 7 alve

zauge
S
Tank

Tahle

3ol cottaitier
/ From gdlass

o e—
E mitter E
g

~——— S0cm =

Fig. (1): Schematic view of the soil container and water application system.

, <
Fig. (2): Schematic view of Soil conditioner materials "composite".

Water supplying system contains water tank, pump which give the
required hydraulic head, bypass line into water tank and valve to control
and adjust the hydraulic head at 0.5 bar, pressure gauge, and line into soil
container that finished with dripper. Average dripper discharge was 2 I/hr
whereas, it was calibrated before carrying out the experiment. This
container represents one of four parts of the complete cylinder i.e. quarter
of the wetted zone was considered in the experiments so the actual emitter
discharges were multiplied by 4. Experimental variables were water
application time (continuous "C" or pulse) and composite. Pulsed water
application times were at cycle ratio equal 0.5 for different cycles times
"P" (20, 30, 40 and 60 minutes). The locations of the wetting patterns
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were recorded by determined points of coordinates on transparent side of
the container around dripper at specified times during the experiments. As
well as, width and depth of wetting were measured. Soil samples were
taking to investigate water content distribution in the soil by auger from
the soil profile after irrigation directly on distances of 10 cm in horizontal
and vertical direction from the emitter until 50cm for the maximum
container horizontal and wvertical limit. Soil moisture content was
determined by the gravimetric methods and represented using "contouring
program Surfer" we obtained on contouring maps for different moisture
levels. The wetting patterns were recorded by determined points of
coordinates at end of on time and start at off time in pulsed drip irrigation.

Empirical model Description

When using surface drip irrigation, the infiltrated water in the soil forms a
wetted zone of a shape similar to a truncated sphere or ellipsoid
depending on factors are associated with soil characteristics which are;
initial moisture content, saturated hydraulic conductivity, bulk density
and the homogeneity of the soil. While the other part of these factors are
related to the properties of the drip irrigation system such as emitter’s
discharge and location (surface or subsurface), water application method
(continuous or pulse) and spacing between emitters and laterals. An
empirical model developed by Al-Ogaidi, et al., (2016) was used to
estimate the wetted zones’ dimensions with add porosity factor for the
model under pulsed drip irrigation compared to continuous drip irrigation
with using soil conditioners as composite materials and including the
effect of emitter’s discharge, application time, bulk density, initial
moisture content, saturated hydraulic conductivity, porosity, and the
percentages of sand, siltc and clay of the soil. The general form of the
used model for homogeneous profiles assumed to be as in Egs. (1) and (2)
as the following.

RI} — atﬂiqﬂﬂpbﬁﬂaiﬂ‘l HSEEE'EGSE?SI',ESCEE (1)

D = bfblqMpbbaﬁ'iMKSbEEIbE'SMSibBCH (2)

Where Ro (cm) and D (cm) are the on soil surface radius and depth of the
wetted zone, respectively, t (min) is the application time, g (I/h) is the
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emitter’s discharge, pb is (g/cm?) is the soil bulk density, ©i (%) is the
average initial water content, Ks (cm/hr) is the saturated hydraulic
conductivity, @ is porosity percent, S, Si, and C (%) are the percent-ages
of the sand, silt, and clay, respectively, and a to a9 and b to b9 are
empirical coefficients.
The above used models are for predicting only two dimensions of the
wetting pattern: the on soil surface radius and the depth, for a certain
application time. The wetted radius at multiple depths under the soil
surface was estimated using a model similar to Eq.1 for homogeneous but
just by adding another coefficient to each equation as demonstrated in the
empirical Eq. (3) for homogeneous profile.

R, = ct®:qp, =0, K = 057 5i%C% + ¢,

®)
Where Rz (cm) is the maximum wetted radius beneath the soil surface at
depth z (cm), ¢ to c10 are empirical coefficients. The influence of all
these factors should be taken into consideration because all of them
contribute to form the shape of the wetting pattern.

Model Performance

The predicted wetting pattern dimensions were obtained where, using the
data obtained from the laboratory experiments and conducting the
nonlinear regression analysis using Microsoft Excel Solver tool 2013. The
performance of each model was represented by considering some
statistical criteria such as mean error ME, root mean square error RMSE,
and model efficiency EF which can be calculated as illustrated in follows
Egs. 4 — 6 (Willmot et al., 2012):

ME :%|E?-=1(Pi _Uz'j|

4)
1w 2]%®
RMSE = [Z3, (P, - 0,)’] -
N rp_nn
EF =1 — S=fim 0
E[:-_'*'ﬂ'[_"--"uw:IE (6)

Where N: is the total number of points, P and O are referred to predicted
and observed data, respectively, and Oav is the mean value of the
observed data. The coefficients of Egs. (1)-(3) were concluded under
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experimental conditions with calculated some statistical criteria and listed
in Table 2.
Table 1: The used soil's properties.

Soil Sand% | Silt% Clay% | 6i% | pb(g/cm® | Ks(cm/hr) | @, %
Sand 94.5 3.62 1.88 495 |1.65 24.75 38
Table 2: The coefficients of the proposed models with statistical criteria.
Equation (1) a al a2 a3 a4 a5 ab a7 a8 a9 ME RMSE EF
Confious | 055 019 -042 082 439 452 128 004 58 -2 03 0% 0%
Without P20 060 028 026 04 37 280 07 0B 6% 58 080 106 097
Composite | P30 15 021 003 267 1050 -1049 004 000 013 -164 120 1B 0%
P40 031 021 08 130 910 93 25 007 163 -1754 11 146 0%
P&0 112 03 008 006 000 035 000 000 000 000 055 116 09
Cofiuous| 1287 020 003 002 013 (04 004 000 05 -0 24 28 089
With P20 106 0% 003 002 014 015 005 00 016 -004 14 200 09
Composite | P30 055 027 042 08 438 45 123 0B 58 -1303 0% 145 099
P40 110 024 003 002 04 015 005 00 016 019 047 160 099
P&0 028 03 089 130 912 938 2% 007 165 -175 16 174 0%
Equation (2) b bl b2 b3 b4 b5 b6 b7 b8 b9
Cofios| 104 054 003 002 013 04 004 000 04 00 13 22 0%
Without P20 12 045 007 005 000 033 000 000 000 000 078 208 097
Composite | P30 75 08 200 000 035 4% 013 100 7B 27 02 28 o9
P40 5 040 106 020 028 00 00 00 00 000 041 097  09%
P&0 143 029 012 009 000 055 000 000 000 000 L 160 099
Cofios| 077 030 025 042 376 280 076 00l 689 58 076 13 09
With P20 104 040 003 002 013 014 004 000 -014 0% 243 289 091
Composite | P30 12 040 001 00l 006 006 002 000 005 -0.08 10 27 o8]
P40 18 0% 0 02 00 00 0B 00 00 - 0% 178 0%
P&0 028 028 08 130 91 93 25 007 163 -1759 08 118 09
Equation (3) c cl c2 3 4 c5 c6 ¢l c8 9 ¢l
Cofiuos| 103 089 002 00L -008 008 -003 000 -009 049 104 249 37 078
Without P20 09 070 000 000 004 004 00L 000 004 005 0% L7 25 09
Composite | P30 103 05 02 002 009 010 -003 000 -010 014 103 168 210 09
) 028 043 08 130 914 940 25 006 165 -1773 028 194 246 09
P60 094 118 004 003 019 020 006 000 02 025 094 08 264 0%
Confiuos| 103 107 002 00U 009 208 -003 000 -010 -108 034 318 45 092
With P2 100 044 000 000 08 219 00 002 075 00 100 17 32 0%
Composite | P30 055 026 04 062 438 -45 12 003 58 1300 05§ 274 35 09
P40 164 026 013 02 013 014 004 00 0U 012 104 274 44 0®
PE0 007 075 0% 1% 92 95 260 007 17 -776 026 335 504 09l

RESULTS AND DISCUSSIONS

1. Moisture content distribution

Soil moisture distribution "MCD™ was the main factor in study of effect
use of composite and the evaluation process for pulse drip irrigation
performance. Results demonstrated that MCD increased in horizontal
direction more than vertical direction under use of Composite with pulsed
drip irrigation for treatments (P30, P40, and P60) effectively more than
treatments (P20 and C) in Fig.(3).
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Fig. (3): The measured water content distribution at the end of experiment: a) without
and, b)with using composite under continuous "C" and pulsed drip irrigation
for different cycles times "P"
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All pulsed flow treatments with composite much better than pulsed
technique treatments only. On the contrary, MCD increased in vertical
direction more than horizontal direction under continuous flow without
composite. Whereas, MCD increased by increasing number of pulses for
pulse technique with composite. This leads to save water from deep
percolation. In addition to, this material have ability to absorption of
water, and storage it then it's give for plants roots effectively. Also, it
found that soil moisture content percentages increased which were (24,
21, 24, 18, and 16 %) for Treatments (P60, P40, P30; and C) with use
composite respectively, because of increase holding capacity for polymer
and its ability to absorption of water, and storage its that was calculated
14 times from its weight after the irrigation. While, MCD percentages
were in range 12 to 14 % for continuous and pulsed irrigation technique
treatments without use composite.

2. Wetted radius and depth under soil conditioner

The information on depths and radius of wetted zone of soil plays the
greatest role in design and management of drip irrigation system. The
results showed that the wetted radius (Ro) of dripper at soil surface
increased more than wetted depth (D) under dripper at use of composite
with pulse flow large greatly as showed in Fig. (4) Which, It takes total
on-time (270, 120, 135, 140 and 150 min) for treatments (C, P20, P30,
P40, and P60), respectively. While, in case of pulsed irrigation only
without composite, the wetted radius increased slightly but the wetted
radius less than wetted depth. This result is in agreement with (Ismail, et
al., 2014).

Also, percent of the wetted radius at soil surface to wetted depth under
dripper (Ro/D) were (0.97, 1.26, 1.62, 1.59, and 1.48) with composite
while, (Ro/D) were (0.32, 0.46, 0.48, 0.50 and 0.52) without composite
for treatments (C, P20, P30, P40, and P60), respectively. Otherwise, the
percentage of increase in wetted radius at the soil surface (Ri) compared
to wetted radius for continuous without composite (control, Rc= 16cm)
was (ARo = (Ri-Rc)/Rc). For pulsed irrigation without composite, (ARo)
was (0.44, 0.50, 0.56, and 0.63) for treatment (P20, P30, P40, and P60)
respectively, but at use of composite only, (ARo) was 1.06 for continuous.
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For pulse irrigation method with composite, (ARo) was (1.75, 1.94, 1.69

and 1.50) for treatments (P20, P30, P40, and P60), respectively.
a b

— Continuous Continuous
E .o ) e
= ® Measured soil depth g
S a0 = ao
2 < Measured soil surface g
& 30 reduis, R S a0
] Predicted soil depth, D s % Measured soil depth, D
E 20 @ 20 '
. B S O Measured soil surface radius R
2 10 Pre"!‘:te" soil surface S 10 Predicted soil depth, D
= reduis, R E .
= T Predicted soil surface radius R
o o
=
o 100 200 300 400 o 100 200 300 400
Elapsed time (min) Elapsed time (min)
— P20 P20
15
RER 50
= —
3 [
=4
] =
= = .=
5] - -
» = b
= s
B ]
3 B
= b=
2 £
= 2 o
o 100 200 300 400 100 200 300 400
Elapsed time (min) Elapsed time (min)
P30 P30
E s —_
s %0 5
=
8 40 %—
] )
= =]
= a0
& = .-
w < -
£ 20 -, s
B = =
[
- 10 S
D =
+ =
N g o
0 100 200 200 400 = 100 200 300 400
Elapsed time (min) Elapsed time (min)
— P40 P40
[
£ 50 . SO
= g o
o 40 E’ 40
= =
= -
= =]
& 20 s
] w
5 20 =) 2 20
@ =
=
E 10 = 10
L =
= o = o
o 100 200 300 400 o 100 200 300 400
Elapsed time (min) Elapsed time (min)
= P60 P60
=
L 50 — 50
£ - 5
s g [=)
= B
=
@ 30 = 30
] ]
= 20 w
=1 = 20
2 B
B 10 B 1°
1= 2
< O
= o = o
0 100 200 300 400 o 100 200 300 400
Elapsed time (min) Elapsed time (min)

Fig. (4): The wetting pattern dimensions against the application times: a)without and, b)
with using composite under continuous and pulsed drip irrigation for different
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Fig. (5) showed the relationship between measured and predicted wetted
radius also the relationship between measured and predicted wetted depth
for treatments (C, P20, P30, P40, and P60) respectively, without and with
composite, The relationship is approximately linear curve; It is clear that
there is a good harmony between measured and predicted wetted patterns
values.

3. The maximum wetted radius (Rmax) in soil profile

The results showed that (Rmax) increased more than wetted depth (D)
under dripper with composite and pulse flow as shown in Fig. (6) which,
It takes total on-time (270, 120, 135, 140 and 150 min) for treatments (C,
P20, P30, P40, and P60), respectively. While, in case of pulsed irrigation
only without composite, (Rmax) increased and wetted depth decreased.
The same result was obtained by (Ismail, et al., 2014) but the maximum
wetted radius less than wetted depth. The maximum wetted radius is clear
for all the trials greater than the surface wetted radius. (Rmax) happened
at a depths below the soil surface were (25, 20, 20, 15 and 20 cm) without
composite while, (Rmax) were (15, 5, 5, 10 and 10 cm) with composite for
treatments (C, P20, P30, P40, and P60), respectively. Percent of the
maximum wetted radius (Rmax) under soil surface to wetted depth under
dripper (Rmax/D) were (1.47, 1.43, 1.72, 1.85, and 1.85) with composite
while, (Rmax/D) were (0.4, 0.6, 0.7, 0.7 and 0.8) without composite for
treatments (C, P20, P30, P40, and P60) respectively. Otherwise, the
percentage of increase in the maximum wetted radius (Rmax) compared to
maximum wetted radius for continuous without composite (control, Rc=
20cm) was (ARmax = (Rmax-Rc)/Rc). For pulsed irrigation without
composite, (ARmax) was (0.5, 0.75, 0.75, and 1) for treatment (P20, P30,
P40, and P60) respectively, but at use composite only, (ARmax) was 1.5
for continuous. For use pulse drip irrigation with adding composite,
(ARmax) was (1.5) for all treatments where, Rmax reached 50 c¢cm in all
treatments. Fig. (7) showed the relationship between the measured and
predicted maximum wetted radius for treatments (C, P20, P30, P40, and
P60) respectively, without and with use of composite, The relationship is
approximately linear curve; It is clear that there is a good harmony
between measured and predicted wetted patterns values.
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Fig. (6): The maximum wetted radius in soil profile against the
application times: a) without and b) with using composite
under continuous and pulsed drip irrigation for different
cycles times "P".
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Fig. (7): The predicted and observed maximum wetted radius in
soil profile: a) without and, b) with using composite
under continuous and pulsed drip irrigation for different
cycles times "P".
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4. Soil wetting front advance

The wetting pattern will be inferred estimating the wetting pattern
because it is very difficult to find a suitable equation to predict the full
pattern directly as the shape of this pattern is not uniform. The process of
estimating the full shape of wetting pattern begins in predicting the
surface wetted radius and vertical wetted depth of a specific application
time to get two points of the wedding the wetting pattern. In addition to,
the maximum wetted radius in soil profile. The proposed empirical model
represented by Egs.(1) and (2) could be used to get these two points in
case of homogeneous soil with Eq(3) to estimate the full shape of wetting
pattern on based on Ellipse shape equation. The dimensions of the wetted
zone under drip irrigation are very important in choosing the proper
spacing between emitters and laterals. Results showed that an influence
composite on the horizontal wetting front advances more than the vertical
wetting front advances in continuous flow as shown in Fig. (8) Where,
wetting pattern with composite took time about 270 minutes to arrive at
vertical limit container longer than no polymer that was about 90 minutes
because of composite conditioner save water from deep percolation and
its ability to absorption and storage of water largely.

It was noted that there was a influence composite with pulsed irrigation
on the horizontal wetting front advances more than the vertical wetting
front advances. In case use of pulsed irrigation without composite, there
was a good influence on the horizontal wetting front advances more than
the vertical wetting front advances but it is less than at use of soil
conditioner polymer as shown in Fig. (8). The relationship between
measured and predicted Soil wetting front advance values for treatments
Is clear that there is a good harmony as shown in Fig. (8).

CONCLUSIONS

Results showed that use composite with pulse flow technique on sand soil
compared with pulsed irrigation only led to increase both soil moisture
distribution and soil moisture percent in horizontal direction more than
vertical direction result to absorption of water, and storage its; Increase of
the soil surface wetted radius (RO) more than wetted depth under dripper
(D) that demonstrated in increase both percentage of the soil surface
wetted radius (RO) to wetted depth also,
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Fig. (8): The relationship between horizontal and vertical wetting front advance:
a) without and. b) with using soil conditioner under continuous and

pulsed drip irrigation.
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the percentage of increase in the soil surface wetted radius (Ri) for all
treatments compared to continuous flow without soil conditioner
polymer; Increase of the maximum wetted radius of dripper under soil
surface (Rmax) more than wetted depth also, increase of percentage of the
maximum wetted radius under soil surface to wetted depth under dripper
(Rmax/D); and Increase of the horizontal wetting front advances more
than the vertical wetting front advances; the surface and maximum wetted
radius (Ro) takes total on-time (270, 120, 135, 140 and 150 min) for at
treatments (C, P20, P30, P40, and P60), respectively.

Predicted and observed values were compared well to test model
applicability in laboratory conditions on the basis of model performance
parameters as root mean square, mean error and model efficiency. Thus,
developed models can be used to predict wetting pattern under composite
with pulsed flow method. The result shows the advantage of composite
conditioner with pulsed flow method at cycle time 20 then, 30 minutes for
reducing the deep percolation of water under the root zone, while
obtaining a wide horizontal spread of wetting.
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