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Abstract. A laboratory column study was conducted on a layered sandy soil to investigate the effect of a
cross-linked polyacrylate gel-forming conditioner (Acryhope) on water retention and flow. Five concen-
trations (C) of Acryhope ranged from 0 to 1% (on dry weight basis) were applied to the upper layer (10
em depth) as dry grains. The conditioner-gel particles were highly swollen upon water absorption resulted
in arge soil expansion. The resulted soil bulk densities were evaluated and used to obtain the water con-~
tent by volume {#). The increase in height of the surface was also measured, The amount of water retained
by the soil at two suctions 10 and 1500 kPa increased exponentially with increase of C (r = 0.999). Increas-
ing C at the upper treated layer substantially decreased the rate of wetting front advance through the pro-
file and increased 0 in the upper 20- cm depth under ponded infiltration. Although the relative expansion
(L) had increased with increase of C at apper layer, the value of L, for each C remained approximately
constant during ponded infiltration and a logarithmic relationship between L ) had increased with increase
of C at upper layer, the value of L_for each Cremained approximately constant during ponded infiltration
and a logarithmic relationship between L_and Cwas found (r = 0.972). Evaporation losses was effectively
reduced with increase of C applied to the upper layer. Increasing C at the upper - treated layer substan-
tially lowered the rate of capillary rise and increased the water content at this layer. The average water
content at the upper layer (8 ) was cxponentially related to C (r = 0.992). In general, the effects of
Acryhope were more pronounced when C at the upper treated layer (10 cm) of sandy soil ranged from 0.75
to 1%. However, it may be recommended to apply Acryhope conditioner to the upper layer of sandy soil
and adjacent to the plant at concentration ranging from 0.5 to 0.75% for cost-benifit considerations.

Introduction

The soil conditioning chemicals have been used extensively during the recent years.
Many formulations, often based on industrial by products, have been marketed as
soil conditioners under different trade names even without specification of their
chemical composition or their exact physical effects. Substance such as polysac-
charide (PSD) and polyacrylamide (PAM) promote aggregate stability and improve
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soil structure [1-9]. Soil gel-conditioner that were once applied mostly for structuri-
zation and stabilization are being used today to improve other physical characteristic
[10-13]. Soil gel-forming conditioner, which in part of hydrophilic nature, can
increase water holding capacity and decrease deep percolation of sandy soils [14-20].
The soil gel-forming conditioners may increase water supply to growing plants and
improve water use efficiency [21; 22]. However, to our knowledge little work has
been done on the magnitude of surface soil expansion as a result of adding gel-form-
ing conditioner to the soil and its effect on soil water flow. Among these works, Mil-
ler [23] observed a hydrolyzed starch-polyacrylonitrile graft polymer increased sur-
face soil swelling and decreased infiltration rate of sandy soils and Terry and Nelson
[24] found that the surface bulk density was lowered by PAM-treatment for flood-
irrigated soils.. Thus the main objective of this study was to determine the magnitude
of soil surface expansion as influenced by highly swelling gel-conditioner ( Acryhope)
concentrations at the upper layer and their effect on hydrophysical properties such
as infiltration, evaporation, and capillary rise of sandy soil.

Materials and Methods

The gel-forming conditioner used was cross-linked sodium polyacrylate, com-
mercially known as Acryhope and provided by Nippon Shokubai company, Japan'.
The Acryhope particles were 0.2-1 mm in diameter.

The soil used was sandy (Typic Torripsamments) collected from the upper 0-30
cm layer at the College Experimental and Research Farm at Dicrab, Saudi Arabia.
The soil was air dried and passed through a 2- mm sieve. The initial air dry water con-
tent was 0.4% by weight. The soil was 2% clay, 1% silt, 97% sand, and had CaCO3
of 25%. The soil contained low amount of soluble salts (EC_ = 1.3 dS m’'") and very
low organic matter (0.04%). Tap water with an EC of 0.5 dS m™ and SAR of 0.9 was

used.

The Acryhope conditioner was applied to the 10 cm upper layer of the soil col-
umn at five concentrations (C): 0, 0.25, 0.50, 0.75 and 1% (on dry weight basis). The
corresponding amounts of Acryhope were thoroughly hand-mixed with the air-dried

soil.

Pressure-cooker and pressure plate apparatus were used to determine the water
content at 10 and 1500 kPa matric suctions [25]. The treated soil samples were initially

! The trade name and company are included for the benefit of the reader and do not imply endorsement
or preferential treatment of the product by King Saud University.
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packed in brass rings (S cm i.d., 3 cm height) to a depth of 1.5 cm at 1.5g cm™ bulk
density. After saturation for 24 hr, the resulted bulk densities due to expansion were
determined and used for obtaining water contents on volume basis. All the treat-
ments were simultaneously exposed to the same matric suction.

For ponded infiltration experiment, the soil samples were packed at 1.5g cm™
bulk density (D, }, to simulate D observed in the field, in transparent sectionized
lucite cylinders (5 cm i.d., 60 cm long). The soil treated with the predetermined con-
centrations of Acryhope were applied to the 10 cm upper layer. A flooding apparatus
[26] was used to obtain accurate infiltration data as a function of time. Periodic obser-
vations were made during infiltration included changes in the position of the soil sur-
face due to expansion, height of the water surface, Mariotte tube reading, and the vis-
ible wetting front advance. When the wetting front reached approximately 40 ¢cm
depth below the initial level of soil surface, infiltration was terminated and the distri-
butions of water content and bulk density were measured by sectioning the soil col-
umn at 5 ¢cm intervals.

For evaporation experiment, the soil samples were packed 30 c¢m deep at the
same bulk density (D, ) of 1.5¢ cm in transparent lucite cylinders (4.4 cmi.d., 35 cm
long). The soil treated with the predetermined concentrations of Acryhope were
applied to the 10 cm upper layer. The upper 20 ¢m depth of the soil-was brought to
water content equivalent to that of 10 kPa suction and then the soil columns were
exposed to evaporation at constant room temperature (22.5°C). The daily evapora-
tion measurement (by weighing) continued until approximately half of the water
added had been lost from each column.

For capillary rise experiment, the soil samples were packed 30 cm deep at D, of
1.5 g cm’ in similar cylinders (4.4 cm i.d., 35 cm long) but with perforated bottom.
The soil treated with the predetermined concentrations of Acryhope were applied to
the 10 cm upper layer. Upward capillary rise of water in the treated soil columns was
determined until water reached the erected soil surface. At the end of the experi-
ment, the distributions of volumetric water content (§) were measured by sectioning
the soil columns at 2.5 cm intervals,

The results reported were the average of three replicates.
Results and Discussion

The amount of water retained by soil at each of the two suctions (1) 10 and 1500
kPa substantially increased with increase of Acryhope concentration (C) as shown in
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Fig. 1. The relationship between the soil water content on volume basis () and C was
found to be an exponential type with correlation coefficient (r) >0.9996.

6=1520 1€ fory =10 (1)
f= 213 ¢ for ¥ = 1500 (2)

where 6 and C are in percent and v in kPa. There is a general consensus among the
soil workers that the values of 10 and 1500 kPa suctions approximate the field capac-
ity and wilting point of sandy soils, respectively. Accordingly, it can be concluded
from Eqs. 1 and 2 that the available water (AWC) aiso increases exponentially with
increase of C. For example, the AWC was increased from 12% and 30% by volume
with the increase of C from 0.0 to 1%. This finding indicates that the AWC of sandy
soil was by approximately 150 % as a result of adding Acryhope at C = 1%. This
result may be attributed to the superabsorbing nature of Acryhope conditioner which
is associated with the water being tied up in a very viscous gel-form.
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Fig. 1. Water content as a function of Acryhope concentration at two matric
suctions () for sandy soils .
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1t was evident that wetting front advanced downward and upward with respect
to the initial soil surface, during infiltration. This was due to that gel particles formed
as a result of adding Acryhope which were swollen by water absorption causing sur-
face expansion. Figure 2 illustrates that it makes big difference whether one selects
the initial soil surface (Fig. 2a) or the new erected surface (Fig. 2b) as datum line for
measuring the wetting front advance. The absolute expansion value (Z ) ranged from
0 to 7.5 cm above the initial soil surface for 0 to 1% Acryhope concentration {C),
respectively. The distance to the wetting front (L) as a function of time (1) can be rep-
resented by a power equation with r = 0.9996.

L=At (3)

where L is in cm and t is in minutes. One may detect from Fig. 2 that the exponent
(B) possessed approximately the same average value 0.584 for both the two cases a
and b. While the constant of proportionality (A) had larger values in case b than those
in case a and decreased with increase of C. 1t might be interesting to draw the follow-
ing example. At t=10 minutes, 7—1=35 cm for C =0.0%; and Z=27 cm (Fig. 2a)
and L=32 cm (Fig. 2b) for C=0.50 %. This means that although the treated soil exhi-
bited 5 cm expansion, still the resulted L= 32 cm is lower with comparison to the
untreated soil. As result, the addition of Acryhope to sandy soil not only restricts the
downward advance of wetting front below the initial soil surface (Z), but also
decreases the distance to the wetting front from the new erected surface (L) resulted
from expansion. It scemed there was no significant difference in the time required for
wetting front to advance the treated 10 cm depth between the different concentration
of Acryhope (Fig. 2). The wetting front reached the 10 cm depth within 2 minutes for
all C, under ponded infiltration.

The relative expansion of the soil (L.} as introduced by El-Shafei et al. [27] was
determined along the time of infiltration. L_is the increase in the height of the soil
surface divided by the distance to the wetting front.

Z Z

L= —— = — @)
L Z+Z,

where Z_ is the absolute expansion above the initial surface (cm) and Z is the depth
of wetting front below the initial surface (cm). It can be deduced from Fig. 3 that L
was approximately constant with time within the range of Z used in this study (40 cm):
which was considered as practical depth. Both values of L and Z, increased with
increase of C. The values of L were 0, 0.05,0.09,0.12, and 0.17 for the correspond-
ing C: 0, 0.25,0.50, 0.75, and 1%, respectively. While the values of Z_ were 0,1.7,
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Fig. 2. Advance of weiting front under ponded infiliration as affected by Acryhope added
to the upper layer (10-cm depth) of sandy soil. The datum line was taken at the initial
soil surface in (a), while in (b) was at the new erected surface, £, is the absolute

expansion (cm) .
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3.3, 5.0, and 7.5 em for 0, 0.25, 0.50,0.75, and 1% (C), respectively. It is worthy of
mentioning here that in recent study by El-Shafei et al. [27] on Acryhope by uniform
sandy columns, they found that L_was decreasing with time until eventually it became
approximately constant under ponded infiltration and within the same range of Z.
The relationship between L_and C can be presented by the following logarithmic
equation with r= 0.972.

Lr =0.157+0.081 In C (5)
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Fig. 3. Relative expansion as influenced by Acryhope added to the upper layer (10-cm depth)
of sandy soil during infiltration .

The cumulative infiltration (D) as cm depth was corrected for the height of the
free water surface on the soil column, which was changing due to expansion. Figure
4 presents the cumulative infiltration (D) versus time (t) as influenced by Acryhope
concentration (C). It is interesting to notice that the infiltration period can be divided
to two stages, i.e. there was a point of intersection. The first stage lasted up to approx-
imately 27 min, where the wetting front (L) have advanced = 50 cm depth depending
on the value of C (Fig. 2). Accordingly and from standpoint of practical view, one
may discard the second stage of infiltration in sandy soils. During the first stage of
infiltration, which was characterized by high absorption of water, D increased with
increase of C. The relationship between D and t was also a power equation with
r=0.9998.
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D=Atb (6)

However, the exponent (B) in Eq. 6 decreased while the constant of proporiton-
ality (A) increased with increase of C. Accordingly, one can expect that D will
decrease with increase of C during the second stage of infiltration (Fig. 4). The
Acryhope effects provided by Figs. 1, 2, and 4 are consistent with the superabsorbing
and retention nature of Acryhope conditioner. The higher the Acryhope concentra-
tion (up to 1%), the higher the resultant infiltration rate and the lowest advance rate
of wetting front, during the first stage of infiltration.
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Fig.4. Cumulative infiltration as influenced by Acryhope added to the upper layer (10-cm depth) of
sandy soil .

The swelling of gel particles associated with soil expansion resulted in a peculiar
bulk density distribution (Fig. 5). The bulk density {D,) of the surface layer was
greatly influenced by Acryhope concentration (C). The higher C, the lowest the
resultant D, of the surface layer. However at each value of C, D, was increasing with
depth and eventually approached the initial value of D, for sandy soil. The values of
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D, (Fig. 5) were then implemented to convert the water conient on weight basis (W)
to volumetric water content (8) for each corresponding depth. It can be noticed from
the data depicted in Fig. 5 that a value 0.5% was the least C required to obtain § less
than W at the upper 5 cm depth. However, to achieve such condition (f<W) for the
subsequent layer (5 - 10 cm depth), 0.75% of C was needed. For example, W was 95%
for C = 0.75% but the corresponding § would be 66.5% since the resultant D, was

0.7g cm for each layer.

Bulk density (Dy), g cm™
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Fig.5. Effect of Acryhope concentration at the
upper layer (10-cm depth) on soil bulk den-
sity profile in sandy soil under ponded
infiltration ,

There were two main zones in the water distribution profile obtained after the
cessation of infiltration (Fig. 6). The first zone was greatly influenced by C and was
characterized by higher water content (8). The higher C, the heigher the resultant ¢
and the length of the first zone. However, the first zone did not extend more than 20
cm depth for any value of C (up to 1%). It might be mentioned here that El-Shafei et
al. [27] obtained a similar result even when the whole soil profile was uniformly
treated with Acryhope. Below the first zone, there existed a relatively lengthening
zone with a uniform water content regardless of the value of C. This second main
zone was followed by a wetting zone where the water content gently decreased with
depth. Apparently, Fig. 6 indicates that the water content in the untreated lower
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Fig. 6. Effect of Acryhepe concentration at the upper
layer (10-cin depth) on water distribution profile
of sandy soil under ponded infiltration,

layer was unaffected by the Acryhope application to uppet layer, It can be concluded
that if the Acryhope treated soil overlies the untreated sandy soil, water content in
the lower layer will be consistently the same at corresponding depths in untreated
uniform profile under ponded infiltration. The average water content (8) of the sur-
face layer (0-10 cm depth) was increased by approximately 12, 33, 54, and 79% , with
corresponding C: 0.25, 0.50, 0.75, and 1%, respectively.

The evaporation experiment under a constant temperature 22.5°C revealed that
adding Acryhope to the surface layer (10 cm depth) was highly effective in reducing
evaporation loss from sandy soil (Fig. 7). The higher the Acryhope concentration (©)
the lowest the resultant evaporation rate. Although water was initially under 10 kPa
matric suction for all the t, the cumulative evaporation (E) as a function of time (T)
was pronouncedly decreased by Acryhope application. For example an evaporation
loss of 20 mm required a time of approximately 7, 9, and 14 days for corresponding
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Fig.7. Effect of Acryhope concentration at the upper layer (10-cm depth) on evaporation
loss from sandy soil, initially was at 10 kPa suciion, under a constant temperature.
Numbers by the curves are percentages of Acryhope concentration .

C: 0, 0.5, and 1%, respectively. The relationship between E (mm) and T (days) was
also found to be power type equation (7) withr = 0.9996 for all Acryhope treatments.

E=AT" (7

The exponent (B) had approximately a constant value of 0.80, while the com-
puted power regression intercept (A) was decreasing with increase of C(Fig. 7). It
might be stated here that the reductionin evaporation rate was due to the large reten-
tion nature of Acryhope which tied up the water in a gel form and resulted in a very
viscous liquid. Since the factor A is dependent on C, Equation 7 can be written as:

E =2.52C032 08 for025=C=1 (7a)

Figure 8 illustrates how the capillary rise was influenced by Acryhope applica-
tion to the upper layer (10 cm depth) of sandy soil. The bottom of the soil column was
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Fig. 8. Capillary rise of water in columns of layered sandy soil where the upper layer
(10-cm depth) was treated with Acryhope. 7 is the absolute expansion (cm)
and the slope refers to the rate of Capillary rise (dh/dt) through the upper
layer

taken as datum line, i.e. h=0.0. The results indicated that the rate of capillary rise
was identical up to h equal to approximately 20 cm for all the treatments. The rate of
capillary rise (dh/dt) started to deviate from the 20 cm height, at the interface, where
water began to penetrate the upper treated layer. This deviation of {dh/dt) was low-
ered with the increase of C at the upper layer. The rates of capillary rise through the
upper layer were 0.37, 0.35, 0.32, 0.29, and 0.24 for the corresponding C: 0.0, 0.25,
0.50, 0.75, and 1%, respectively. However, the treatment of C = 1% was the most
effective in controlling capillary rise of water. While the capillary rise achieved the
soil surface at elapsed time of 43 min for the control, the time have increased to as
high as 126 min for C = 1%. The decrease in the rate of capillary rise in soil columns
produced change in wet ability of sandy soil as can be noticed from the result depicted
in Fig. 9. The water distribution profile resulted from capillary rise consisted of two
main zones (Fig. 9). The first zone extended upward from the bottom of soil column
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up to 20 cm high and was characterized by a uniform water content (§, ) which was not
affected by Acryhope treatment at the upper layer. Above this zone. there was the
second zone extended from the interface up to the erected soil surface and was
characterized by higher water content depending on C. It can be concluded that if the
Acryhope treated soil overlies the untreated sandy soil. water content in the lower
layer will be consistently the same as in uniform soil profile under capillary rise. The
results depicted in Fig. 9 indicate that the higher Acryhope concentration (C) at the
upper layer, the higher the resultant average water content in that layer (§ ). For
example, the values of § were 36, 45, and 56 % for the corresponding C: 0.0, 0.50,
and 1%, respectively. The relationship between 8 and C was exponentially type equ-
ation with r = 0.992.

B, = 36.2e"4C (8)

It is evident that increasing the Acryhope concentration at the upper layer (10
cm depth) caused increasing in displacement of water distribution curve to the right
without significant change in the general slope of the curve (Fig. 9).
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Further laboratory studies on the use of Acryhope conditioner on layered sandy
soil in conjunction with sprinker (rain) infiltration are being carried out.

Conclusions

The gel-froming conditioner (Acryhope) exhibited a superabsorbing power for
water and high water retention. When Acryhope is added to the upper layer of sandy
soil, its gel particles are swollen upon water absorption causing soil expansion
associated with upward displacement of the initial soil surface and consequently
decreasing the bulk density of this layer. The highest value of absolute expansion
(surface displacement) was 7.5 cm conjugated with the lowest bulk density of 0.6 g
cm” for Acryhope concentration 1% . under ponded infiltration.

Acryhope was beneficial in increasing water content at the upper treated layer
and decreasing rate of wetting front advance under ponded infiltration, and reducing
evaporation loss. The conditioner was also effective in decreasing the rate of capillary
rise through the upper treated layer resulting high water contents.

Those hydrophysical effects were more pronounced when Acryhope concentra-
tion at the upper treated layer (10 cm depth) ranged from 0.75 to 1%. However, pre-
sent cost-benefit analysis may limit the use of soil gel-conditioners at the concentra-
tions suggested by this study and others especially field application in a wide scale.
Thus, it might be recommended to apply Acryhope conditioner to the upper layer of
sandy soil and adjacent to the plant at concentration ranging from 0.50 to 0.75% for
both the benefit of soil water management and economical consideration.
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