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Abstract

The modification of raindrops by the canopy of olive trees increases the kinetic energy of the rain per unit area. The kinetic energy
computed from the measured drop size distribution under the tree canopy in simulated rainfall experiments is greater than that
received in the open, 17.1 J mm™', as against 15.7 ] mm ™, This causes higher soil detachment and loss than that observed outside
the canopy. Tillage treatments of the soil modify its erodibility, accelerate soil detachment and reduce, simultaneously, the velocity of
runoff. Both effects reduce the amount of sediment compared to that observed in the non-tilled soil. The average values of soil lost

per unit of rain depth and unit area were 5.81 g mm ™~ 'm~? (conventional tillage) and 4.02 ¢ mm
m ™2 (conventional tillage) and 0.95 g mm

canopy compared to 0.89 g mm™!

Introduction

Traditionally, vegetative cover has been accepted as a good
soil conservation practice. The canopy above and the litter
at ground level protect the soil from the impact of raindrops,
reduce the velocity and energy of surface runoff and, by
reducing the loss of water by evaporation, maintain the
resistance of soil aggregates against erosive agents. How-
ever, when soil cover is not complete, or if the canopy is too
high above the ground, the protective function may be far
from perfect, and even negative, so that the aggressive
effects of the rain are increased.

Olive tree cropping is a traditional agricultural system in
Mediterranean countries because olives by their ability to
endure long hot and dry periods, are so well adapted to the
extremes of the Mediterranean climate. The competition for
water between the olives and weeds forces the farmer to
control the latter, usually by intensive tillage. In the past,
olive cropping was confined mainly to hilly lands, because of
its susceptibility to root infections under waterlogged
conditions and to the dedication of lowlands to more
profitable crops such as cereals or irrigated crops. The
combination of reduced cover, frequent tillage and steep
lands induced great soil losses by erosion. New techniques
to control soil erosion, such as zero tillage or chemical weed
control, were introduced successfully in Spain by Pastor
(1987) in the seventies. The reduced root damage, caused by
excessive disk harrowing in the past, and the lower

“Im™2 (zero tillage) under the

! m~2 (zero tillage) in the open.

incidence of killer frost in winter, attributed to the greater
radiative transfer of energy from the flatter soil surface to
the tree leaves during the winter, resulted in a net increase
in yield when compared to traditional tillage systems. At the
same time, soils under zero tillage develop a surface crust,
which, while protecting the soil against raindrop impact or
the shearing effects of surface runoff, reduces water
infiltration rates (Giraldez et 4l., 1990).

The higher runoff yield of zero tilled soils led to higher
erosion losses than those observed in conventionally tilled
soils. Nowadays, new systems of cover crops are being
tested to reduce soil losses. Despite the importance of the
olive tree for the agriculture and economy of the
Mediterranean countries, not much information on soil
erosion is available.

Tree canopies may act as rainwater collectors, or reverse
umbrellas, as stated by Clothier (1978), quoted by Zhai ez al.
(1990). The canopy catches the raindrops falling in any
direction and part is conveyed through branches and trunk
to the root zone. Raindrops reduced to droplets return to
the atmosphere by evaporation or run down along branches
and trunk to the ground, or coalesée into larger drops.
Several parameters have been proposed to assess the erosive
action of the rain. Kinetic energy is a reasonably good index
of soil detachment (e.g. Sharma et al., 1993). The Universal
Soil Loss Equation bases its erosivity factor partly on the
kinetic energy of the rain. However, other authors such as
Rose (1960) have found a better correlation of soil
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detachment by raindrops with the momentum than with the
kinetic energy of the rain. Force is a consequence of the
momentum change, and may be more related to the
breakdown of aggregates than the kinetic energy. Other
factors, especially the soil characteristics, are involved in the
rupture of soil aggregates (Nearing, 1987). The impact of
water drops generates pressure waves, which stress the soil
skeleton and soil pores. The boundary shear stress of the
water drop impact depends on drop mass and terminal
velocity (Hartley and Alonso, 1991).

The size distribution of raindrops has been analyzed in
many fields, such as meteorology. Many of the proposed
equations are represented in a general formula by Sempere-
Torres et al. (1994).

The number of drops whose diameter lie in the (D,
D + dD) range, per unit air volume, N, may be expressed
as,

N(D,y) = y*f (DY) (1)

where Y is a reference variable and 4 and b are two
parameters. The widely used Marshall and Palmer equation
(Rogers and Yau, 1991, chap. 10, eq. 10.1), is derived from
(1) where Y = r is the rainfall rate, ¢ =0 and 4 =0.21, and
O represents the exponential function. This distribution is
modified by the canopy interception.

This report presents the results of a study of the water
erosion process in Southern Spain in olive cropped soils
tilled both traditionally and chemically.

Material and methods

The experiments were carried out in the Alameda del
Obispo Experimental Station near Cordoba, in Southern
Spain. The soils of the farm are very fine, montmorillonitic,
thermic, typic xerofluvent and are on a gentle uniform slope
of 15%. Two small plots with one olive tree at the centre
were chosen, one under conventional tillage 24.35 m’ in
size, and the other with chemical weed control 28.65 m? in
size. Both plots were delimited with metal sheets to prevent
runoff from outside. Another metal boundary was set up
within each plot to separate the volume of runoff produced
by the rain falling from the canopy (Fig. la and b). The
canopy projected area is 4.68 m? in the conventional tillage
plot and 7.48 m? in the zero tillage plot.

A rainfall simulator was developed with four sectoral
sprinklers (VYR 20) located at the corners of the plots on 5
m high poles, connected by pipes in a closed circuit
arrangement. Before the experiments, the rainfall unifor-
mity was measured in a plot without an olive tree by two
networks each of 36 rain gauges, one disposed regularly on a
plane 2.9 m high over the mean level to avoid canopy effects,
and another one with the gauges on the ground surface.
Rainfall distribution from one of them is presented in Fig. 2.
As the trials were carried out in the open, the wind was a
very important factor, as it moved the rain mass from one
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Fig. 1. Experimental set up.

direction to another. There was a higher rainfall concentra-
tion in the centre of the plot due to the disposition of the
sprinklers. The differences were much less at ground level.
The uniformity coefficient for rainfall distribution on the
ground surface without an olive tree was 0.64; on a plane 2.9
m above the ground, it was 0.61. During the rainfall
simulation runs, the total rainfall amount and distribution
were measured by 16 rain gauges disposed regularly on the
ground surface. ‘Runoff water was measured at the two
outlets with tipping bucket gauges similar to those used by
Barfield and Hirschi (1986), with an automatic data
recorder. Water was sampled during every rainfall trial to
measure the concentration of solids. A granulometric
analysis was made on the solid residue, using the
hydrometer method according to Gee and Bauder (1986).
The stemflow was separated in some trials by the standard
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Fig. 2. Spatial distribution of simulated rainfall depth (mmh™') in a
5 % 5 m’ plot without an olive tree: (a) ata height of 2.9 m and (b) at
ground level. Black points indicate the position of rain gauges with their
respective recorded rainfall depth (mmh~! ). Contour lines are
computed using the reciprocal of the square of the distance as
interpolation method. Duration of rain: 30 min. Nozzle pressure:
221 kPa. ’

method of fitted rubber collars around the trunk to trap
water flowing down. During the simulation runs, wind
speed and direction, temperature, and relative humidity of
the air were measured with a standard automatic weather
station. Soil moisture was sampled at 5 points randomly
chosen in the plot, before and after every trial (Gardner,
1986).

Drop size distribution was determined by the method
developed by Eigel and Moore (1983). Raindrops were
collected in a Petri dish (diameter: 9.5 cm; depth: 1.4 cm)

containing SAE 90 oil. Drops of diameter greater than
1.65 mm were deformed in the time interval between drop
capture and the photograph. The method was calibrated
with water drops of known volume made with a micro-
pipette, to determine the diameter, D,, equivalent to the
diameter of the undeformed drop. The total number of
drops used was 88, with 11 different diameters between 1.35
and 8.5 mm and 8§ repetitions for each size. The equation
relating the diameter of spherical drops to the deformed
section in the oil layer was )

D, =0.18+0.89D )

where D is the diameter measured in oil, in mm, and the
correlation coefficient was 0.95885.

The photograph was made with dark-field illumination,
where all the incoming light passes through the Petri dish.
Drop diameters were recorded using an image analyser,
consisting of a digitizer card DT-2851 with 512 x 512
pixels, and 256 grey levels, a solid state chamber, and a
source code, IMAGO, created by the University of Cérdoba
Image Analysis Service.

Drop size distribution changes under
the canopy of the olive tree

Raindrops coalesce in their fall through the atmosphere and
form drops of larger diameter, which may deform and even
break down before they reach any surface. The largest size
of water drops not breaking down in experiments in wind
tunnels and air columns under low turbulence, was 4.5 mm
(Pruppacher and Klett, 1980). Gunn and Kinzer (quoted by
Park ez al., 1983), found an upper instability diameter of
6 mm, but Beard (1976) recorded 7 mm raindrops.

The reference variable in Eqn. (1) is related to rainfall
rate. One parameter of the drop size distribution, the
median volume drop diameter, Dsy, may be written as a
function of the rainfall rate using a power expression (Law:
and Parson, 1943). Sempere-Torres ez al. (1992) accepted as
a good estimate for their Mediterranean rainfall data:

D50 = 1.241"182 (3)

Rainfall rate is in mm h™', and drop diameter in mm. For
the average rainfall rate of the simulator described, a value of
Dsy=24mm was found. This value is higher than the
value derived from the drop size distribution of the
simulator, Dso = 1.5 mm, represented in Fig. 3. Simulated
rain is finer and, consequently, less erosive than natural rain
with otherwise equivalent characteristics.

Raindrop size distribution under and outside the canopy
(Fig. 3) shows the enlargement due to the interception
process. The numbers of drops randomly collected under
the canopy and from the simulator were 845 and 384
respectively. According to the results of Salles ez /. (1999),
these numbers of drops may lead to an uncertainty of at least
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Fig. 3. Drop size distribution, obtained with simulated rainfall, expressed as number of rain drops in each size range, per unit water volume. a)

Under canopy. b) Unaffected by canopy.

7 to 10 per cent in the estimation of the global parameters
such as Dsg and kinetic energy. To determine the drop size
distribution, 10 Petri dish collectors were analysed for drops
from under the tree and 3 for drops from the simulator. The
olives, branches, and leaves of the tree gave rise to different
sizes of drop, so that the number of Petri dishes analysed
was higher under the canopy than outside. The drops
collected outside the canopy lay in the 0.5-3 mm diameter
range. Drops falling from the canopy are up to 8 mm in
diameter.

The modification of the original distribution was found
to be dependent on the stage of development of the
vegetation. Different plant elements in the coalescence
process contribute to a wide range of drop diameters. The
- largest drops fall from the olive fruits, intermediate drops
come from the leaves, whereas the smallest ones are
splashed or belong to the simulated rainfall out of the
canopy.

Raindrop size distributions are represented in Fig. 3.
They can be split into two different distributions of canopy
drop size (Brandt, 1989). One is similar to the distribution
of rain in the open, with an apparent upper value of 2.5 mm,
which can be attributed to the throughfall population. The
other ranges in diameter from 2.5 to 8 mm and results from
the water dripping from the canopy. The residual
population, after subtraction of the throughfall drops, is
independent of both rainfall rate and canopy characteristics
and can be approximated by a Gaussian distribution with a
mean value close to 5 mm. For drops greater than 2.5 mm in
diameter, the mean diameter was 4.3 mm in the present
study.

Assouline and Mualem (1989) suggested one version of
that function,

F(D,r)=1- exp(—ocDﬂ) 4)
144

where F (D, r) is the fraction of liquid water in the unit
volume of air consisting of drops with diameters in the range
(D,D + dD), and « and f are two parameters. Normalizing
diameters, D* = D/D. With D as a reference diameter, Eqn.
(4) becomes:

F(D*,7) = 1 — exp(—yD") (3)

The parameters of the Weibull fit are shown in Table 1.
These values are not far from those obtained by Assouline
and Mualem (1989) and are almost universal and indepen-
dent of place and rainfall type.

Impact velocity of water drops on
the soil surface

When a water drop falls through the atmosphere, its

Table 1. Parameters of the Weibull fit to drop size
distribution under and outside the canopy of olive trees,
compared to those found by Assouline and Mualem, (1989).
The correlation coefficients correspond to the double
logarithmic transformation that leads to a linear relation-
ship.

Simulated  Under the  Assouline and
rainfall canopy Mualem (1989)
B 2.95 2.34 - 3.00
Y 0.73 0.73 0.71
corr. coef.  0.98 0.99
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movement is determined by gravity and buoyancy effects,
F

J4)
Fg>= (pw—pa)Vg (6)

where p,, and p, are the densities of liquid water and air,
respectively, 7 is the drop volume, g the acceleration due to
gravity, and F, is friction

F, = 1/2C;p Av? (7)

where C, is the drag coefficient, A the projected surface of
the drop in the direction of fall and v the velocity. This
movement is accelerated at a rate decreasing with time until
it reaches zero. Thereafter, the forces of gravity and of
buoyancy effects become equal and the velocity assumes a
constant value, the terminal velocity, v;.

Introducing the Reynolds number, R, = v,D/v, where v
is the kinematic viscosity of the air, the terminal velocity is

— il’w —Da ng ~ ingDZ (8)
3 p. CuRy 3uCyR,

with p as the dynamic viscosity of the air, neglecting air
density with respect to liquid water density. For low values
of the Reynolds number, C,R,/24 approaches unity,
yielding a quadratic dependence of v, on the diameter.
This and other simplifications allow an approximation for
the terminal velocity as a function of diameter (Rogers and
Yau, 1991, Chap. 8),

U

2.98:107-D?
4.00-10°-D
1.42:10>-D'/?

0<D<13010°*
1.30-10°* < D < 1.26:1073 (9)
1.26:1073 < D < 4.0-103

V, =

with velocity in m s™! and diameter in m.

The larger the drops, the higher the deformation during
the fall. Therefore, the cross section and the drag coefficient
are greater than that for one sphere of equivalent volume.
The increase of drop mass is compensated by the greater
drag force. Beard (1976) found that for drops of over 5 mm
diameter, terminal velocity is independent of size. For drops
with diameter greater than 4 mm, the Best (1950) equation
may be adopted,

Ut = Umar[1 — exp(—D/n)]’l (10)

This equation is valid over a varied range of conditions.
Mualem and Assouline (1986) indicate that for v,,,, =9.5m
s~% 5 =1.32 mm and A = 1.15, it fits Gunn and Kinzer data
very well (see Rogers and Yau, 1991, Table 8.1) for drops up
to 6 mm in diameter. Here, this expression has been chosen
for drops over 4 mm in diameter.

If the distance covered by the drop in its fall is not too
large, it may hit the ground with less than the terminal velo-
city. Following Park ez al. (1983), the impact velocity, v;,:

v = [0f — (0 — o) exp(=2gh/2?)]? (11)

where vy is initial velocity.

When the horizontal component of the velocity of water
drops is not negligible, as in the case of sprinkler irrigation,
or on windy days, the friction force changes direction along
the path of the drops. In this case, the movement is
described by the equations (von Bernuth and Gilley, 1984),

— Cy? cos § = md*x/di? (12)
mg — Cyv? sin 0 = md?y/ds* (13)

where C, is the new friction coefficient, 8 the angle of the
water path with the horizontal, and x and y the horizontal
and vertical coordinates, respectively, from the nozzle of the
sprinkler. These equations are solved by numerical methods
to get the characteristics of the impact on the ground.

The practical significance of this modification is not great.
Following Seginer (1965), a simple comparison of the water
drop velocity generated with the rainfall simulator, with an
initial velocity of 28 ms™, for a 0 = 0° with similar drops
under a vertical free fall, is shown in Fig. 4. For the drop
size range of the rainfall simulator, the velocity of the drop
along the parabolic path coincides with that of the vertical
free fall after 5 m of the vertical path. The smaller the drop,
the shorter the distance for the velocity to coincide.
Therefore, impact velocity can be computed from Eqns.
(9), (10), and (11).

Kinetic energy of water drops

The kinetic energy of a single drop, e, with mass m; and

7
J —— Parabolic path v°=28m/s horizontal
6~ — - Vertical path vo=0
£ 5 D= 1.25 mm
. - D= 175 mm
8 4~ ‘——— D=225mm
‘s J
g1 |}
T I
I 5 I
1 /
10
1 7
0 -
0 5 10 15 20 25

Velocity, ms -

Fig. 4. Velocities of water drops generated by the rainfall simulasor,
(continuous line), and freely falling, (discontinuous line), as a function
of path length. Average raindrop height of fall from olive canopy is
2.5 m. Sprinkler height is 5 m.
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Table 2. Kinetic energy of simulated rainfall in the olive tree
trial, and computed according to Brandt, (1990).

1 2

-
Computed, (Brandt, 1990)
h=2.5m; =50 mm h!

EcJmm™

Olive tree trial

Rainfall simulator 15.7
Under canopy 17.1
Modified by canopy 15.2

Bare soil 23.3
Full surface cover 19.1

impact velocity v;, is given by:
€y = 1/2 m;v;z (14)

and that of the whole rainstorm, per unit of water volume,
Eﬂﬂ

2 Nie;
Em = Zl_ﬁ (15)

where n is the number of size intervals, N; the number
of drops of the i interval, and V; the total volume of
drops.

The computed values are compared in Table 2. The
kinetic energy under the canopy is greater than that of the
rain falling outside. Water drops falling from the canopy,
the gravity drops, belong to the high erosivity range of Moss
(1989; Fig. 6). As Loch (1996) discussed, there may be little
or no soil loss reduction under a canopy. In this case there is
a net increase; this may lead to soil denudation if the litter
under the tree disappears by agricultural management like
harvesting fallen olive fruit, tillage and grazing. The fraction
of kinetic energy due to canopy dripping is 0.89 multiplied
by the whole kinetic energy under the canopy. Brandt
(1990) stated that the kinetic energy of the rainfall under a
full canopy cover, E(1), depends not on rainfall rate, but on
fall height (%) and on the distribution of the intercepted rain.
She proposed, for a rain with D5 = 5 mm,

E.(1) = 15.84"/% — 5.87 (16)

where kinetic energy is written in Jmm™* m~2 and the
height of fall in m. For any other fraction of surface cover, a
linear interpolation between the above expression and the
bare soil value, E(0), may be made. Her expression for the
latter case is:

E.(0) =895+ 844logr (17)

with rainfall rate expressed in mm h™!. The values of E(1)
and E/0) for £=2.5 m and » = 50 mm h~! appear in Table
2. The kinetic energy estimated under the canopy is similar
to that obtained by the Brandt expression. However, this
equation overestimates the values obtained in the open in

146

the present study. This result indicates that natural rain may
be more erosive than the simulated rain.

Runoff generation

The presence of the tree canopy reduces the effective
rainfall rate, increases the evaporation from branches,
leaves, flowers and fruits, and diverts part of the water to
stemflow. This stemflow, collected in different trials,
resulted in a mean value of runoff which corresponds to
8% of the rain reaching the ground under the canopy. Due
to the disposition of the sprinklers in the rainfall simulator,
the rainfall rate was higher under the canopy than outside,
irrespective of interception effects.

Some of the hydrographs recorded during the field trials
are shown in Fig. 5, where the area under the canopy is
separated from the rest of the plot. The rain starts at zero
time. In general, runoff under the canopy starts and ends
later, possibly due to the retarding effect of the interception
process.

Canopy storage starts to fill up from a dry state and an
important fraction of rainfall is retained. A similar effect
was found by Loch and Donnollan (1988) caused by the
plant residue left over the soil surface. Mohamoud and
Ewing (1990) estimated a great reduction of the rainfall rate
in the first minute of the rain event. The interception of
the canopy may control soil erosion in events of small
intensity or duration. After rainfall ceases, there is an
additional contribution of runoff from the last water drops
dripping from the canopy, as well as from the stem of the
tree. These fluctuations in flow are due to small changes in
the water pressure in the pumping system, and to wind
speed changes which are reflected quickly in the runoff.
The same trend is observed in the sediment concentration
graphs.

Runoff hydrographs respond to the rain input in a form
resembling that of the kinematic wave equation, (Laguna
and Girildez, 1993). A simple check on whether the use of
the kinematic wave approach is apposite might be the
estimation of equilibrium time, the time after which a
constant rate of effective rainfall would yield a constant rate
of runoff. According to the kinematic wave model, this
equilibrium time, 7,, is expressed as

(1-m)7 1/
= [ e ] (18)

g

where L is the surface length; r, the effective rainfall rate
and ¢ the coefficient of the potential relationship between
water depth and flow rate, used as the simplification of the
momentum conservation equation in the Saint-Venant
equations for the surface water flow, (e.g. Chow et al,
1988; § 9.1) with » as the exponent. This coefficient is a
measure of the surface roughness for water flow, the
hydraulic roughness for Hairsine ez al. (1992). Figure 6



The role of olive trees in rainfall erosivity and runoff and sediment yield in the soil beneath

0.020 - -
(a) Conventional tillage
1 Under canopy
o,aE 0.015 — ————Unaffected by canopy
o ]
wd
g 0.010 —
3 A,
L 0.005- W‘ J.w.lﬂ"\‘,\‘\dl(h \A
A
] ~
/ )
0.000 +—L— . - ——
0 10 20 30
Time, min.
0.020
(b) Zero tillage
Under canopy
% 0.015+ ———— Unaffected by canopy
o -
-
g
g
3
[T

¢

40
(a) Conventional tillage

Under canopy
Unaffected by canopy

8
I

n

10

Sediment concentration, gL'1
]
i

0 L] I L] ' 1
0 10 30
Time, min.
40
(b) Zero tillage
30 Under canopy
—- == Unaffected by canopy

Sediment concentration, gL'1

Time, min.

Fig. 5. Hydrographs, and sediment concentration curves as a function of time for (a) the conventionally tilled and (b) non-tilled soil plots. The
contributions of the areas under and outside the canopy are represented by different curves.

shows the time to equilibrium and equilibrium flow rate for
the different treatments. From Eqn. (18), a logarithmic
transformation allows a linear relationship with an easy fit to
experimental data. The fitted values of hydraulic roughness
collected in Table 3, indicate that the values of the exponent
are reasonably within the range given by authors such as
Wooding (1965). Soil surface is apparently rougher in the
tilled than in the untilled soil, as well as under the canopy
than outside the canopy. The greater difference in the
hydraulic behaviour of the surface is due to the tillage
treatment.

In general, the water yield is greater in conventionally
tilled soils than in zero-tilled soils, Fig. 7; this may be
attributed to the formation of a shallow plough sole.
Some compaction due to gravity drops may be
responsible for a certain increase of the water yield
under the canopy.

Sediment yield

The modification of gravity drops under the tree detaches
more soil particles than natural raindrops. Consequently,
soil losses are greater under the canopy than outside it, as
may be appreciated in the graphs of Fig. 8. As the kinetic
energy of raindrops increases, so does the mass of sediments
in runoff at the outlets of the respective plots. This trend is
not so clear in the tilled soils, possibly due to the lack of
surface uniformity caused by the tillage implement. The
tendency is clearer when kinetic energy is compared to
sediment concentration under equilibrium conditions. The
average values of soil lost per unit area and unit rain depth
are given in Table 4.

Since the rainfall rates of the simulated events were too
high, there were sufficient soil particles to make the erosion
processes transport limited (Hairsine and Rose, 1992).
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Fig. 6. Relation between time at equilibrium and equilibrium flow rate for the experimental plots in the different experiments. In all cases the dashed
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Therefore, the use of transport capacity expressions suchas  stream power, P, may be written as the product of flow
that used by Moore and Burch (1986a) in the soil erosion velocity, v, and the slope of the soil surface, S, P=1S.
context may be tested. According to Yang (1973), the unit  Sediment transport capacity, ¢, is related to unit stream

Table 3. Parameters of the kinematic wave model for the surface water flow.

Treatment Position with the Exponent Hydraulic Correlation coefficient Number of
canopy n roughness o (log transf.) data pairs
Zero tillage  under 2.44 2.66 107* 0.9906 4
outside 1.68 1.89 1072 0.9261 4
Conv. tillage under 294 1.08 10~° 0.6860 8
outside 2.75 6.93107° 0.5975 8
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Fig. 7. Comparison of the cumulative rainfall and runoff volumes for the conventionally (CT) and zero tilled (ZT) soils under (UC) and outside

the canopy (OC) of the olive tree.

power, after some simplifying assumptions (Moore and
Burch, 1986b) by:

2e ~l3e
5

q
6 =0P" =9 7
"y

e

2

= Cqs

(19)

after substitution of Manning uniform flow equation, with
nar as the roughness coefficient, ¢ as the flow rate, and 9, ¢,
and { as parameters. If sediment is transported at the
capacity rate, sediment concentration, ¢ is approximated by
¢;. Figure 9 shows that the fits of potential curves to the
experimental data is good. The values found for the
exponent ¢ (Table 5) differ little from unity as Moore and
Burch (1986b) suggested. The Student’s ¢ statistics are
included in the Table.

The size of sediment particles compared to the original
soils, is shown in Table 6. The intensity of the erosion
events mobilizes larger particles under the canopy than in
the open space between trees. There is a larger proportion
of large particles in the tilled soil than in the chemically
weeded one.

Discussions and results

Tree canopy plays an important role intercepting radiant
energy and rainfall, among other physiological functions.
Nevertheless, it increases the risk of soil erosion in the
surroundings of the trunk. Gravity drops are very common
in many vegetable species, but their impact depends on the
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Fig. 8. Relationship between kinetic energy and sediment concentration in runoff water for the experiments of Fig. 7.

management system of the crop and the soil. In natural
systems, the undergrowth, the mixture of decaying litter
and small plants emerging between them, protects the soil.

Table 4. Average value of soil loss per unit area and per unit
rain depth, g mm~'m~2, obtained in the different trials.

Treatment Soil lost per unit area and rain depth

g mm ™' m~2

Under the canopy  Outside the canopy

4.02
5.81

0.95
0.89

Zero tillage
Conv. tillage
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In cultivated areas, this layer may have disappeared by the
time of the next rainfall. The magnitude of the soil loss
under the canopy is therefore variable. In many olive
cropped zones, olive trees remain as witnesses of the erosion
processes, as Laguna and Giraldez (1990) have recorded.
The soil surface relief in these areas results from the
interaction of water and tillage, or mechanical erosion
processes. Frequent passes of the disk harrow displace soil
particles and leave a loose layer, which is easily removed by
the next surface runoff event. The trees act as isolated
barriers or piers producing a small mound upstream and a
hollow downstream. Gravity drops contribute to this
denudation.

The results presented here, although obtained in only a
few field experiments, indicate the importance of the
increase in kinetic energy of the raindrops, and its effect
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in soil detachment and transport. More research is needed  canopy pruning, intensively practised in the southern olive
to advise farmers and agronomists on a more rational growing region to obtain larger fruits, is another aspect that
management system. In the interception process, the role of  requires further attention.

Table 5. Parameters of the sediment concentration runoff flow rate relation, ¢, ~ qug/ 5,

Treatment Position within  Coefficient Exponent Correlation coefficient ¢ Number of
the canopy 4 2¢/5 (log transf.) data pairs
Zero tillage under 2.07 0.644 0.8752 161" 5
outside 1.76 0.450 0.9530 113" 5
Conv. tillage  under 1.60 0472 0.6632 118" 5
outside 0.15 0.731 0.8944 1.75° 4

* Differences with unity not significant, Student’s ¢ statistics at the significance level a = 0.05.
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Table 6. Size distribution of aggregates in soil and runoff flow.

Particle size mm

Conventional tillage

Zero tillage

Sediment Sediment
Soil Under  Outside Soil Under  Outside
0.002-0.05 0.593  0.630 0.789 0.503 0.524 0.621
0.05-2.0 0.407 0.366 0.210 0.497 0472 0.365

Conclusions

The olive tree canopy modifies the kinetic energy of
raindrops, increasing their size to the point of overcoming
the reduction in their terminal velocity, when compared to
the free fall from above. While this reduction might not be
significant in natural conditions because the litter layer of
fallen leaves, fruit and broken twigs may dissipate a great
part of the kinetic energy of the water drops, the common
agricultural practice of tree foot sweeping prior to the
harvest to pick up the fruits from the soil, leaves it
unprotected.

The use of simple runoff and erosion models like the
kinematic wave and transport capacity equations allows a
characterization of the phenomena, indicating the differ-
ences between tilled and untilled soils, as well as the
influence of the canopy on them.

Appreciable soil losses occur from conventionally tilled
olive orchards, and it is recommended that conservation
measures should be taken to preserve the natural environ-
ment in a rational way.
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