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ABSTRACT: Simulated rains of different intensities and durations were
applied on six soils from Egypt having different textures and calcium
carbonate contents to study the drop impact of water (rain or sprinkler) on
aggregate stability, infiltration, sorptivity, percolation, surface runoff, and
soil loss. The solls were subjected to rain up to two hours at 60, 90 and 120
mm/h intensities whlle runoff and percolation water was collected
continuously at 5-minute Intervals. Sediments in the collected runoff were
measured as soil loss. Soil sorptivity (S) and final infiltration (A} were
estimated by fitting Philip’s equation (adjusted or unadjusted) to measured
field- infiltration. Results Indicated that the highest change of MWD by rain
impact was for soils with high clay or CaCO; content. The change of MWD
correlated highly with soil bulk density and organic matter. Although
cumulative infiltration.increased with rain intensity, infiltrated water as a
percent of the applied water was decreased for all soils. Infiltration correlated
well either with soil porosity and fine sand for low rain intensity (60 mm/h) or
with soil porosity and coarse sand for high rain intensities. S and A
increased with increasing rain intensity and a reasonable fit between
measured and calculated cumulative Infiltration was found but less accurate
fit was obtained for the Iinfiltration rate. Using the adjustment factor
significantly improved the prediction of cumulative and rate of infiltration.
Initiation time of percolation increased with the increase of soil content of
calcium carbonate and clay. Cumulative percolation increased with rain
intensity for all soils. Generally percolation was statistically related to soil
porosity, caicium carbonate and fine sand contents. Initiation time of runoff
ranged between 4 — 28 minutes and decreased significantly with increasing
rain intensity, calcium carbonate and clay content. Runoff was drastically
increased with the increase of rain intensity, especially for soils high in
calcium carbonate or clay content. Variations in runoff due to the different
structure classes were not as profound as that due to the increase in rain
intensity. Soil loss was low for both clay and sandy soiis at the low intensity.
Increasing rain intensity to 90 or 120 mm/h reversed this trend for the sandy -
soils especially during the second hour of rain. Clay effect on soil loss
decreased with the increase of rain intensity. Soil loss averages for all soils
were between (0.35-0.57), (0.8-1.6), and (2.4-3.3) ton/fed/h for the first hour of
rain and between (0.48-0.92), (0.98-2.0}, and (3.15-4.3) ton/fed/h for the second
hour at the three rain intensities. The increase of soil loss with increasing
duration of rain was much less than that due to increasing rain intensity for
all soils. Soll loss started at small values for all soils and sharply increased
to a maximum vaiue, and continued undulating around the high value or
slightly decreased.
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INTRODUCTION

A common soil feature, particularly in arid and semiarid regions is the
formation of soil surface crusts and seals, especially due to the action of
raindrop impact or as a result of sprinkler irrigation, (Aarstad and Miller,
1973). Soil crusts and seals reduce infiltration, increase runoff and the
' potential for soil erosion {Cary and Evans, 1974; Morin et al., 1981). In arid
and semiarid climates, reducing runoff has the benefit of increasing profile
soil moisture. Water erosion is due to the dispersion action and transporting
power of water. As a result of raindrop impact, considerable splashing
occurs and water becomes turbid primarily by breaking down soil aggregates
or by detaching soil particles from the surface. Surface sealing is a direct
result of aggregate breakdown, erosional transport and depositional
processes (Hairsine and Hook, 1995), so the potential exists for using
aggregate stability indices to predict the intensity of sealing and seal
hydraulic properties. Structural seals result from compaction under raindrop
impact and depositional seals form by deposition of detached sediments and
micro-aggregates in depressions.

During the last three decades, researchers have shown great interest in
modeling water infiltration, chemical transport, surface runoff, and soil loss
in cultivated soils during a rainfall or sprinkler irrigation event. It has been
suggested that inclusion of the effect of sealing on the processes of
infiltration and runoff generation would give rise to more accurate
predictions (Linden, 1979; Moore, 1981; Brakensiek.and Rawis, 1983). In
general, two factors are responsible for the decrease in infiltration rate with
time during a rainstorm or sprinkler event (Rose, 1962); (a) a decrease in the
vertical moisture gradient, and (b) the development of a thin surface seal.
Moore and Larson (1979) found that, for tilled and unprotected soils, a
surface seal develops fairly soon after the start of rainfall or sprinkler
irrigation and becomes the dominant factor limiting infiltration. In the
semiarid and arid regions, the problem of sealing appears to be the main
process that controls the infiltration of rain water into bare soils (Unger,
1984). If there were no runoff, there would be no erosion. A vegetation cover
is most offective in decreasing the amount of runoff either through
transpiration or by being an impediment to runoff water (Baver et al., 1972).

-Organic compounds natural or synthetic (such as polymers) especially
PAM are being used quit effectively to stabilize soil structure, which leads to
increased infiltration, reduced water use, and reduced erosion on furrow
irrigated fields (Lentz and Sojka, 1994; Trout et al., 1995). PAM is often
capable of stabilizing soil structure but doesn’t remediate poor structure
(Cook and Nelson, 1986)

In a previous study under simulated rain by Aly and Abdullah (2002), a
new method for estimating soil surface seal thickness and hydraulic
conductivity was introduced and the effect of polyacrylamide as a soil
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conditioner was also studied in the same soils. Thin section slides were
examined under a microscope to observe the structural features, and soil
micrographs were presented.

The objective of this work is to study the raindrop impact and water action
under simulated rain of different intensities and durations on the processes
of aggregate stability, infiltration and surface sealing, percolation, runoff, and
soil loss for some soils in Egypt.

MATERIALS AND METHOD

Six soils of different textural classes, clay and calcium carbonate contents
were chosen for the study. The soils were a loamy sand (Tahreer) from
Beheira Governorate, two calcareous soils from Nubareia, a sandy (Alex) and
a sandy loam (Roudah), two soils from Imbaba-Giza, a sandy loam (Abu-
Ghalib) and a sandy clay loam (Nikla) in addition to a clay soil (Dueap) form
Minufiya. Soil physical properties are shown in Table (1). Soil samples were
collected from the top 15 cm, air dried and passed through a 2 mm sieve.
They were utilized in packing soil trays that were used under rain simulator.
The soils were subjected to simulated rainfall of 60, 90 and 120 mm/h
intensities up to two hours to study the creation of soil surface seal and its
effect on infiltration, percolation, run off and soil loss of the used soils.

Water stable aggregates were determined under drop impact according to
(Young, 1984), where 10 g of air dry soil clods were placed in a Buchner
funnel on filter paper. The funnel was then connected to a vacuum flask and
subjected to a very low vacuum (approx. § cm) to avoid accumulation of
water. The flask and funnel were placed under the rain simulator for 15 min at
60mm/h rain intensity. The impacted soil samples were then carefully washed
onto a stack of four sieves (0.25, 0.5, 1 and 2 mm) and immediately wet
sieved for a period of 3 minutes.

The rain simulator consisted of a small head (7 cm diameter) with muitiple
openings and a water pump to pressurize the water through the head at a
height of 2.7 m from a rotating table at 5 rpm. A valve was used to control the
water pressure and the rain intensity. Rain intensity was adjusted by
collecting water every 5 minutes in plastic pans to measure the operating
intensity. To prevent water ponding and facilitate the movement of free water
at the soil surface, sample trays were placed on the rotating table at a 5°
slope. The utilized trays were metal (24 x 16 x 10 cm), that allow
measurements of runoff and infiltration. The soils were packed lightly in the
trays to a height of about 5 cm, overlying a bed of 3 cm gravel and several
layers of cheesecloth on the perforated bottom of the tray.
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Table (1) Physical analysis of the six soils used in the study.

Soil | Texture | ©3°0s | oM% | C.5% | F.5% | Silt% | Clay% gﬁ;gs Pos
Tahreer LS 25 | 06 | 284|556 | 6 | 10 | 147 | 445
Alex. s 8 04 | 446 | 464 | 3 6 149 | 438
Rg“"a" s.L 21 06 | 242|428 { 15 | 18 | 1.20 | 54.7
éhg;ib s.L 4 14 | 43 | 342 | 88 | 14 | 1.32 | 502
Nikla S.CLL| 5 17 | 30 | 312|118 | 27 | 1.24 | 532
Du eap c 3 22 | 06 | 204 | 36 | 42 | 112 | 577

The soils were rained on for up to two hours at 60, 90 and 120 mm/h rain
intensities while runoff and percolation water were collected continuously at
5-minute intervals. Sediments in the collected runoff were allowed to
precipitate usmg Al; (SO,); solution, and were transferred to drying pans
(drymg at 105 C°) to determine soil loss. Two small pans were used to collect
rain water to confirm the regularity of rain intensity during the rain event.

The kinetic energy values associated w1th the previously mentioned rain
intensities were 27.42, 28.96, and 30.06 J/m’/mm, calculated from the simple
equation by Hudson (1971) ut|I|z|ng only rain intensity (Ex = 11.9 + 8.73 log 1),
where E, = kinetic energy (Jlm /mm), T = rain intensity mm/h. This formula is
only used for rain intensities higher than 25 mm/h.

Philip (1957; 1969), indicated that cumulative infiltration () can be
expressed as a series that converges rapidly for times not too large. The
series that can describe infiltration over the period of mterest from the mltlal
stage out to a long time after infiltration has begunis I1=St"?+At+B 2 +

.. which is usually truncated after the first two terms. The coefficients S, A,
B, .. are constants depending on the soil properties and soll moisture content
(surface and initial water contents) and can be evaluated by numerical
analysis techniques. The coefficient S, called the sorptivity, has a wide
applicability in the soil water theory. Sorptivity is a measure for the capacity
of a soil to absorb water and is also known as the coefficient of the square
root of time term in infiltration. The Philip model has been applied in the field
by measuring cumulative infiltration at numerous times, using a double ring
infiltrometer, and fitting the resulting data to find the best values of S and A.
The early stage of infiltration is effectlvely described by the truncated
equation and the infiltration rate (|) is derived by differentiating with respect
to time (t) to obtain i= % St" + A. The infiltration rate decreases as a
function of time. Sorptivity is the dominant parameter in the early stage of
infiltration. As time progresses, the first term becomes negligible and the
importance of the final infiltration rate A, which represents the main part of
the gravitational influence, increases.

The Philip’s two term cumulative infiltration equation (I = S t">+ A t) was
applied at different rain intensities to estimate sorptivity (S), and the final
infiltration rate (A) for the six soils. S and A were calculated to maximize the
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fit between measured and calculated values of infiltration using a similar
technique to that of Smith (1999) with the aid of the computer program
Mathcad. The evaluated S and A were used to calculate (predict) cumuiative
and rate of infiltration. The best fit parameter SER (summation of error ratios,
Aly, 2001) was evaluated to measure the goodness of fit between the
calculated and measured values of cumulative and rate of infiltration. Soil
sorptivity was also calculated as the slope of the cumulative infiltration
versus the square root of time (Jury et al., 1991)

To improve the fit, an addltlonal adjustment factor C was added to the
previous equation (I = S t"2+ At + C), where S and A were evaluated and
compared to the measured values. Due to the high error in infiltration
measurements, S and A and the slope were calculated usling infiltration data
at times greater than 20 minutes.

Stepwise regresslon was carried out relating each soil physical parameter
(such as infiltration, sorptivity, percolation, runoff, soil loss) to all other
physical properties in table (1), and the ones with highest correlation to the
studied property were listed according to their order of importance.

RESULTS AND DISCUSSION

Soil erosion is closely linked and controlled by the sou aggregate stability
and the kinetic energy of the variable which induces the process. Aggregate
stability of the six studied soils was measured and listed as mean weight
diameter (MWD) in Table (2). A small reduction was observed for MWD values
after raining for only15 minutes at rain intensity of 60 mm/h. .

Table (2): MWD for the studied soils, as a measure of aggregate stability
under raindrop impact for 15 min. at rain intensity of 60 mm/h.

Soil MWD (mm)
Wetting only After 15 min. of rain at Change
60 mm/h %

Tahreer 0.34 0.30 11.76
Alex. 1.01 0.92 8.91
Roudah 0.76 0.61 19.74
Abu-Ghalib 0.50 0.42 16.00
Nikla 0.38 0.35 7.90
Dueap 0.16 0.13 18.75

In spite of the high sand content and loose structure for most of these
soils (Table 1), soils with high content of calcium carbonate (Roudah and
Alex.) had the largest MWD due to the cementing effect without rain impact.
The difference in MWD between the two samples was used as a measure of
soil aggregate susceptibility to break down by drop impact and of soil
erodibility. The highest change of MWD by raih was observed for soils with
high fine materials (Roudah and Dueap), as fine materials were first to detach
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and transport by drop impact. Stepwise regression indicated that MWD
before and after exposure to rain correlated highly with both soil organic
matter and fine sand content while MWD change (by drop impact) correlated
highly with soil bulk den5|ty, organic matter, silt and clay content,
respectively.

Infiltration

Infiltration rate, defined as the soil intake of water per unit area in a unit of
. time, includes both absorbed and percolated water. It is considered
horizontal infiltration if the movement is lateral and entirely dominated by
matric potential forces. It is considered vertical if the flow is downward and is
aided by both matric and gravity potentials.

Cumulative infiltration values presented in Table (3) are summed over 1
and 2 hours of rain. Although cumulative infiltration increased with rain
intenslty for all studied soils, infiltrated water as a percent of the applied
water was decreased for all soils at different rates. Increasing time of rain
from 1 to 2 hours decreased the infiltrated water percent by 20 — 30 % for all
three intensities. This was attributed to the effect of raindrop impact (kinetic
energy), different properties of the formed seal in each soil, and the possible

Table (3): Cumulative Infiltration (mm) for six soils after 1 and 2 hours of rain
at three rain intensities.

Soil " 60 mm/h 90 mm/h 120 mm/h
1h 2h 1h 2h 1h 2h
Infiltrated water, mm
Tahreer 44.0 64.7 56.0 84.6 62.8 97.3
Alex. 37.2 55.2 48.6 77.3 54.8 83.7
Roudah 28.9 a7 38.7 53 438 572
Abu-Ghalib 36.5 51 42.7 60 49.7 69.2
Nikla 36.3 48.3 42.4 58.6 48.5 65.7
Dueap 29.9 39.7 39.5 532 441 557
' Infiltration, % of applied water

Tahreor 73.3 53.9 62.2 47.0 52.3 40.5
Alex. 62.0 46.0 54.0 429 45.7 349
Roudah 48.2 34.8 430 294 36.5 23.8
Abu-Ghalib 60.8 425 47.4 33.3 1.4 28.8
Nikla 60.5 40.3 471 32.6 40.4 27.4

Dueap 49.8 33.1 439 29.6 36.8 23.2
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disruption of the formed seal layer in some cases. The sudden increase of
cumulative or rate of infiltration with rain intensity can occur, as the
disruption of the formed seal layer occurs. Infiltration was highest for soils
having high content of sand (Tahreer and Alex) except for that of high
content of calcium carbonate (Roudah) which had the lowest values.
Infiltration decreased as the content of clay or silt was high and correlated
well either with soil porosity and fine sand for low rain intensity (60 mm/h) or
with soil porosity and course sand for high rain intensities.

Figure (1) for infiltration rate (mm/h) with time (5-minute intervals)
increased with increasing rain iIntensity and decreased with time. The
infiltration rate representative lines for all soils at 60 mm/h rain intensity
appeared always below those at 90 and 120 mm/h intensities. The decrease
with time was relatively higher for the soils with more fine materials (clay, silt
and calcium carbonates) such as Dueap (42% clay) and Roudah (21%
CaCO;). This was explained by the decrease in the vertical moisture gradient,
and the development of a thin surface seal. The reduction rate in infiltration
was sharp (approx. 50 %) during the first 30 minutes of rain, afterwards
infiltration reduction was gradual.

Infiltration rates (mm/h) under water head of 1 cm without exposure to rain

were much higher than that of the soils after exposure to rain. Results of
Tahreer and Alex soils (sandy) were the highest (~ 113 mm/h after 1hour).
Although Roudah soil is sandy, infiltration rate was intermediate (63 mm/h
after 1hour) due to the high content of calcium carbonate. The Dueap clay
“soil exhibited the lowest infiltration rate after one hour of infiltration time (43
mm/h). The soils that were rained on for two hours at the three intensities
had infiltration rates as low as 10 mm/h, clearly indicated the great effect of
drop impact on infiltration rate.

Calculated values of sorptivity (S) and final infiltration (A) presented in
Table (4) were evaluated at three rain intensities and only presented for the
low intensity of 60 mm/h. S and A increased with increasing rain intensity
due to the relative increase of rain kinetic energy that caused more soil
. compaction, reduced the size of soil pores, reduced vertical infiltration and in
the same time increased soil water content. All these reasons led to the
increase of the horizontal S and A.

Sorptivity values as the slope of the cumulative infiltration vs. the square
root of rain time for the soils Tahreer, Alex., Roudah, Abu-Ghalib, Nikla and
Dueap without exposure to rain were 215.98, 223.19, 121.93, 136.71, 89.48 and
85.31 mm/h'%: respectively. These values were calculated from infiltration
data under constant water head, 1 cm. Sorptivity for all soils were drastically
decreased after exposure to rain for two hours at different intensities.

Sorptivity calculated to maximize the fit between measured and calculated
values of infiltration was higher than the slope of the relationship of the
cumulative infiltration vs. the square root of time only for soils with high clay
content (Nikla and Dueap) using the unadjusted infiltration equation but was
higher for all soils with the addition of the adjustment factor C. Sorptivity was
lower for soils with high content of calcium carbonate (Roudah and Alex).
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Fig. 1. Infiltration rate with time (5—min. intervals) for six
soils under simulated rain at three rain intensities.
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Resuits in Table (4) show a reasonable fit between measured and
calculated cumulative infiltration, but the prediction of the infiltration rate i
was relatively less accurate [high values of SER(i)] using the unadjusted
equation, especially shortly after infiltration has commenced. Using the
adjustment factor significantly improved the prediction of cumulative and
rate of infiltration as the values of SER(l) and SER(i) were significantly lower
(better fit).

Table (4): Calculated soil sorptivity, final infiltration and best fit parameter
SER for cumulative (1) and rate (i) of infiltration in six soils at 60 mm/h
rain intensity using Philig’s equation with and without the adjustment
factor ¢ and sorptivity caiculated as the sfope of I vs. t*°,

Sorptivity | Final k

Treatment Slope as .
. - (S) (A) - € SER()) SER(i) |FactorC
((Sou) mm/b®s | mm/h Sorptivity

Tahreer 39.771 4.5155 | 49.811 O.i 7134 | 1.6479 --
Tahreer +c 65.487 | -7.4103 | 49.811 | 0.02572| 0.9697 | -13.288
Alex. 31.749 5.6401 44,246 | 0.22929 | 1.9663 -
{Alex.+c 61.617 | -8.2113 | 44.246 | 0.03299 | 0.4547 | -15.434
Roudah 27.331 1.8029 31619 [ 0.13386 | 1.7718 -
Roudah +¢ 41191 | 4.5243 | 31.619 |0.04729 | 0.9997 | -7.1615

Abu-Ghalib 31.941 | 0.5937 | 33.488 | 0.13380| 1.3472 -
Abu-Ghalib +¢| 47.307 | -6.5324 | 33.488 |0.01919| 0.5474 | -7.9402

-| Nikla 42.265 |-5.6855 | 30.428 |0.08926 | 1.0322 -
Nikla +c 52.356 | -10.365 | 30.428 |0.06208 | 1.1824 | -5.2142
Dueap 33.087 | -3.2101 | 26.738 | 0.22422 | 2.4363 .-
Dueap +c 56.452 | -14.046 | 26.738J 0.02607 | 0.8553 | -12.074

The final infiltration rate calculated from the unadjusted infiltration
equation produced positive values that decreased with increasing clay
content to became negative for Nikla and Dueap soils. The adjusted equation
produced negative values for all soils with the two soils Nikla and Dueap
having the largest negative numbers while the lowest negative number was
associated with the calcareous soil Roudah (-4.52 mm/h).

Percolation

Water that passes through the soil during the infiltration process is called
percolation water, It is usually collected after a while from the beginning of
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the infiltration process. This time lag can be called the initiation time of
percolation. Initiation time of percolation (Table 5) increased with the
increase of soil fine materials (calcium carbonate, silt and clay) as the
highest values were observed with the clay soil (Dueap) and the calcareous
soil (Roudah). Tahreer soil was the first to percolate at the three intensities
due to its coarse texture and low content of caicium carbonate. Increasing
rain intensity from 60 to 80 mm/h decreased initiation time for all soils, while
the increase to 120 mm/h produced inconsistent results, as initiation time
was decreased, increased or remained unchanged. This result depended on
the possibility of surface seal cracking under this high rain intensity with
time. Initiation time of percolation was statistically dependent on soil content
of silt, calcium carbonate and coarse sand, respectively.

Table (5): Initiation time of percolation (min.) for six soils at three rain -

intensities

Soil 60 mm/h 90 mm/h 120 mm/h
Tahreer 26 17 13

Alex. 58 46 46

Roudah 78 - 64 7
Abu-Ghalib 46 40 46

Nikla 46 40 40

Dueap 95 90 84 J

Cumulative percolation (Table 6) increased with the increase of rain
intensity, but not at the same rate for all soils. High content of clay or
calcium carbonate delayed percolation, as no percolation was observed
during the first hour in both Dueap and Roudah soils at all intensities. Alex
soil of moderately high calcium carbonate and very high content of sand,
percolated as much water as that of Abu-Ghalib (14% clay). The highest
percolation was obtained for the sandy soil {Tahreer) and was almost 44 mm
after two hours of rain at the high intensity of 120 mm/h. Percolation as
percent of applied water increased with time and was higher after two hours
than one hour of rain for all soils except for the sandy soil (Tahreer) where it
was slightly decreased. This indicates that the only soil that reached its
maximum capacity of percolation before one hour of rain was the sandy soil
without calcium carbonate. The lowest percolation as percents of the applied
water was observed with the heavy clay soil (Dueap) at all three rain
intensities. Generally percolation was statistically related to soil porosity,
calcium carbonate and fine sand contents.
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Table (6): Cumulative percolation (mm) for six soils after 1 and 2 hours of
infiltration time at three rain intensities.

Soll 60 mm/h 90 mm/h 120 mm/h
1h 2h 1h 2h 1h 2h
percolated water, mm
Tahreer 17.5 33.1 21.1 37.9 24.5 4.3
Alex. 3.2 20.3 71 . 267 8.0 32.3
Roudah 0.0 5.0 0.0 5.6 0.0 6.8
Abu-Ghalib 2.3 15.0 5.0 19.4 7.8 242
Nikla 5.3 14.9 7.0 18.0 8.0 20.3
Dueap 0.0 3.3 0.0 4.3 0.0 4.9
_ Percolation, % of applied water
Tahreer 29.2 27.6 23.4 21.1 20.4 18.5
Alex. 53 16.9 7.9 14.8 6.7 13.5
Roudah .| g9 4.2 0.0 3.1 0.0 2.9
Abu-Ghalib | 3 g 12.5 56 108 6.5 10.1
Nikla 8.8 12.4 7.8 10.0 6.7 8.5
Dueap 0.0 2.8 0.0 2.4 0.0 2.1

Rate of percolation presented in Figure (2) decreased with time for all
soils at all rain intensities. A similar pattern was observed for all soils, where
representative lines of 60 mm/h rain intensity were always below the other
lines beside the lines for 120 mm/h were always on top. Percolation rates for
all soils decreased by as much as 50 % during the first 20 to 30 minutes of
percolation. This was attributed to the structural changes of these soils
* under the continued impact of rain drops with the presence of fine materials
and the formation of surface seals. The lowest results were observed for
Dueap and Roudah followed by Nikla, where they contained 42%, 18% and
27% clay contents and Roudah also contained 21% calcium carbonates.
Although Alex had more sand than Tahreer, percolation was less for Alex
than Tahree due to its lower calcium carbonate content. The effect of
increasing rain intensity (increasing drop impact) on soil surface was
manifested clearly in the Tahreer soil, where the representative percolation
lines for the three intensities appeared far from each other more than for the
other soils due to the easy movement of fine materials downward forming
patches of seals.

Surface runoff

Whenever the rate of water supply to the soil surface, whether rain or
irrigation, exceeds the rate of infiltration and doesn’t accumulate on the
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Fig. 2. Percolation rate with time (5—min. intervals) for six
soils under simulated rain at three rain intensities.

600



Characterizing soil physical processes under simulated rain .......

surface, water will runoff. Soil erosion takes place during the runoff process
and valuable top soil is removed to streams, reservoirs and lakes which
become polluted with sediments (Baver et al., 1972).

Initiation times of runoff at different rain intensities are presented in Table
(7) for the six studied soils. It ratiged between 4 and 28 minutes. It decreased
significantly with increasing rain intensity, calcium carbonate or clay
content. Soils with high content of calcium carbonate (Roudah and Alex)
exhibited the Iowest values of initiation time which indicates high
susceptibility to runoff and crusting or surface seal formation, especially at
high rain intensities. It was statistically related to soil contents of calcium
carbonate, fine sand and organic matter, respectively.

Table (7) Initiation time of runoff (min) for six soils at three rain intensities.

Soil 60mm/h 90mm/h , 120mm/h
. Initiation time of runoff, min.
Tahreer 28 17 . 10
Alex. 15 ) 6 4
Roudah 12 6 4
Abu-Ghalib 22 12 6
Nikla 20 12 6
Dueap 13 10 5

Cumulative runoff after 1 and 2 hours of rain are presented in Table (8).
Runoff was drastically increased with the increase of rain intensity,
especially for soils high in calcium carbonate or clay content (Roudah and
Dueap). Runoff after two hours was significantly higher than after one hour
of rain. Differences between runoff values for different soils during the
. second hour were smaller as compared to that for the first hour. These
differences were attributed to the variations in runoff initiation times and the
sealing effect in all soils. Variations in runoff due to the different structure
classes were not as profound as that due to the increase in rain intensity.

Runoff as percent of applied water followed the same trends as that
obtained for absolute values of runoff for all soils. The lowest runoff values
were obtained for the sandy soil (Tahreer). Runoff was statistically related
mainly to soil porosity in addition to soil content of calcium carbonate, fine
sand at low rain intensity and coarse sand and silt at high rain intensities,
respectively.

Figure (3) for runoff rates (mm/h) at 5-minute intervals show that all soils
followed similar trends. The différences between soils were very small except
for the sandy soil (Tahreer). Generally, runoff rates increased steadily with
increasing rain intensity. The obtained runoff values, even with the lowest
rain intensity (60 mm/h) were considered relatively high which indicates that
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this intensity can have deleterious effects, especially for the fine textured
soils.

Table (8): Cumulative runoff (mm) for six soils after 1 and 2 hours of rain at
three rain intensities.

Soil 60 mm/h 90 mm/h 120 mm/h
1h 2h 1h 2h 1h 2h
Runoff water, mm
Tahreer 15.2 55.3 32.9 95.5 55.9 142.7
Alex 22.0 64.8° 40.8 102.7 64.0 156.3
Roudah 30.6 76.3 50.6 127.0 75.5 182.8
Abu-Ghalib 22.9 68.0 46.5 120.0 69.4 170.8
Nikla 23.0 717 . 469 121.4 70.7 174.3
Dueap 29.7 80.3 49.9 126.8 753 1843
Runoff, % ot applied water
Tahreer 25.3 46.1 36.6 53.1 46.6 59.5
Alex 36.7 54.0 45.3 571 53.3 65.1
Roudah 51.0 65.3 56.2 70.6 62.9 76.2
Abu-Ghalib 38.2. 575 51.7 66.7 57.8 71.2
Nikla 38.3 59.8 521 67.4 58.9 72.6
Dueap 49.5 66.9 55.4 70.4 62.8 76.8

Soil loss under simulated rain

Water erosion is due to the dispersion action and transporting power of
water. When a raindrop hits a dry soil surface, the raindrop is absorbed, and
the soil becomes moist. As more drops fall and hit the soil water surface,
considerable splashing occurs and water becomes turbid primarily by
breaking down soil aggregates or by detaching soil particles from the
surface (Baver et al., 1972).

Soil loss data indicated low soil loss for both Dueap and Tahreer soils at
the low intensity, especially during the first hour, Table (9). Although the two
soils were different in texture, the low values for Dueap soil were attributed
to the high clay content and high resistance to erosion. Whereas the low
values for Tahreer soil was due to the high infiltration rate and initiation time
of runoff which reduced soil loss during the early times. Increasing rain
intensity to 90 or 120 mm/h reversed this trend for the sandy soils especially
during the second hour of rain. Clay effect on soil loss, decreased with the

- increase of rain intensity as resistance of stable aggreg ites to breake down

{'decreased with the increase of rain intensity (kinetid-energy). The  high
content of sand made soil more prone to erosion. Genggally soil loss for all
' soils increased with the increase of rain intensity whlche(sam agreement with
" Morin et al. (1981) and Aly (1993). :

603



Saleh M. Aly, A.M. Amer, M. M.I. Selem and M.E. Abdullah

Cumulative and average soil loss rate for the second hour of rain at the
three intensities were higher than that of the first hour for all soils, Table (9).
Soil loss averages for all soils were between 0.35-0.57, 0.8-1.6, and 2.4-3.3
tonifed/h for the first hour of rain and between 0.48-0.92, 0.98-2.0, and 3.15-
4.34 for the second hour at the 60, 890, and 12 mm/h rain intensities,
respectively. The average increase in soil loss due to the increase of
intensity to 90 and 120 mm/h were 270 and 630% during the first hour and
210 and 520% during the second hour of that at 60 mm/h. Increasing duration
time to a second hour at the three intensities increased soil loss by 150, 120
and 130%, respectively.

Table (9): Cumulative and average rate of soil loss for the six studied soils
during the 1°' and 2" hour of rain at three intensities.

Soil 60 mm/h 90 mm/h 120 mm/h
1*h 2"h 1°*h 2"h 1%*h 2"h
Cumulative soil loss, g/m?h.
Tahreer 96 172 369 481 792 1033
Alex 121 - 199 362 471 763 1005
Roudah 114 116 -342 . 319 751 877
Abu-Ghalib 135 220 280 343 733 852
Nikla 119 192 253 294 588 750
Dueap 82 114 189 233" 569 756
Soil loss, ton/fedd./h.
Tahreer 0.403 0.722 1550  2.020 3.326  4.339
Alex 0.509  0.836 1520 1978 3.205  4.221
Roudah 0.479 0.487 1.436 1.340 3.155  3.683
Abu-Ghalib 0.567  0.924 1477 1441 3079 3578
Nikia .| 0.499 0.806 1.063 1235 2470  3.150
Dueap 0.345  0.479 0794 0979 2388  3.475

Soil loss increase with increasing the duration of rain were much less
than that due to increasing rain intensity for all soils. Erodibility rates
increased with time and the soil surface became less resistant to erodibility
as rain intensity and duration increased. For this reason soil loss is one of
the main factors to be consicered when choosing the sprinkler irrigation
intensity.

Simple correlation indicated that soils having high contents of coarse and
fine sand were more susceptible to erosion (positively correlated), whereas
soils having high contents of silt, clay or organic matter were less prone to
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erosion (negatively correlated with soil erosion), Table (10). Coarse sand was
the only significant factor associated with low rain intensity.

Table (10) Simple correlation coefficient (r) between some soil parameters
and cum. soil losses after raining for 1and 2 hours.

Soil 60 mmh 90 mm/h 120 mm/h
Parameter 1h 2h 1h 2h 1h 2h
Cs. 0.869° 0.911* | —
F.S. - e 0.965 0.956 0.845" - 0.931*
silt —- | -0.815* -0.841* — —
Clay ——— - - 0.917 - 0.931* 0915* - 0.993*
0. M ——mn - - 0.988** - 0.927* 0912 - 0.919*

Figure (4) illustrates the rates of soil loss (g/m’/min) for the studied soils
at the three rain intensities. At 60 mm/h rain intensity, soil loss started after
28 minutes from the beginning of rain for the Tahreer soil due to it's high
infiltrability, while for the other five soils it was started within 12 - 20
minutes. At this intensity, soil losses’ were relatively small for all soils and
variations were even smaller between soils. The highest soil loss rate was
observed for Abu-Ghalib and was about 5 g/m’/min after one hour from the
beginning of rain. The lowest soil loss was obtained for Dueap and Roudah
soils. The representative soil ioss lines appeared parallel to the X axis,
reflecting almost an average constant rate ranging from 1.8 — 3.5 glm /min for
the different soils .

Increasing rain intensity to 90 or 120 mm/h shortened the initiation time of
soil loss for all soils especially the rich in calcium carbonate (Roudah and
Alex). Soil loss started at small values for all soils and sharply increased to a
maximum value, in a short time after soil loss has commenced. Then it
continued undulating around the high value for the sandy and clay soils
(Tahreer, Alex, Roudah and Dueap) or slightly decreased as for Abu-Ghallb
and Nikla. The average high value ranges for all soils are 3.7 ~ 8.3 g/m*min at
90 mm/h and 11-4 - 16.6 g/m Imin at 120 mm/h. For both intensities the
highest values were observed for Tahreer and Alex while the lowest were for
Dueap and Nikla, respectively. The increase in soil loss for sandy soils is
attributed to the loose structure and the presence of coarse sand that
weakens the cohesive forces. The decrease in soil loss is due to soil
compaction by raindrop impact with high kinetic energy that enhances
cohesion forces between soil fine particles with rain time, and increases
resistance to erodibility.
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