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IMFROVING RAIN PENETRATIONN AND REDUCING SOIL EROSION

IN DRYLAND FARMING
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(Progress‘Report 30/6/89)

From January to June 1989 the following tasks were
accomplished: '

1. Rainfall erosivity studies

The study of differqnt methodologies for determining various
indices of rainfall erosivity in three different locations. In
this, study it has been analyzed the sensibility of each

methodolocqQy in order to obtain information on the variability of
those indices.

We have also collected and analyzed data from erosion plots

located at the Vale Formoso Erosion Center. These data consist in
precipitation, evaporation, overland flow and soil loss.

1.1. Indices

Rainfall data from three recording rain gages stations have
been praocessed and digitalized into a database:

Lisboa - Portela (14 vears)
Oeiras - Sassoeiros (13 years)
Mertola - Vale Formoso (20 years)

For each station the following rainfall erosivity indices
have been calculated:

EIZ0 present by Whischmeier, but rain showers of less than
0, 3, 7.5, 10, 12.9 and 15 mm and separated from ather rain
periods’ by more than & hours were omitted from the erosion index
computations, unless as much as 6.35 mm of rain in 15 ming

KE (Kinetic Energy Index) - summing the kinetic energy
received when the rainfall intensity equals 0, &, 19, 15, 20 and
25 mm/h or greater;

Eilj (Product energy intensity)

Ei - kinetic energy received when the rainfall
intensity equals 03 10 and 25 mm/h or greater;

X, Ij = maximum rainfall intensity in 15, 30 and 45

9{ min, for each single storm.
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1.2. Results analysis
Z In Fig. 1 we present the indice Ei{Ij (Vale Formoso). For

= each station the correlation coefficient between
— from 0.90 to 0.99 .
-

indices range

= In Fig. 2 it is shown the EIZ0 and corresponding \
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precipitation and kinetic energy (Vale Farmoso).

There is a small decrease in the EI30, precipitation and
kinetic energy with the increase of the omitted storms, indicating
that the erosivity storms are associated with "high rainfall
events" (high precipitation and high intensity).

In Fig. I it is .shown the KE for the three stations
analized. We can see that the area of Lisboa (Portela e
Sassoeiros) has the same pattern but Vale Formoso shows a
different one. This could be associated with thunderstorms, quite
common in this area.

The methodology proposed by Whischmeir to calculate EIZO it
isn‘t sensitive ennugh if we consider storms with precipitation
greater than a givern value or maximum intensity in 15, 30 and 45
min. ‘

The KE index is much more sensitive than the EIZ0O. So
according to the estimative of the KE index, the USLE can predict
the soil loss. The KE index has the capability of reproducing the
differences between the rainfall erosivity between the coast and
the inland in Portugal.

1.3. Erosion plots
We bave analized four erosion plots (1, 2, 10 and 11) from

de Vale Formoso Erosion Center y subjected to the rotation “small
Grain - Fallow".

Flot 1 2 10 11
Year &3 G F G F
&4 F G F G
&8 G F G F
[=Y=) F G F G
g1 F G F G
82 G F G F
Flot Length Wide  Slope Orientation
1 20.0 m 8.33 m 11 % South
2 20,0 m 8.33 m 10 % South
10 20,0 m 8.3 m 16 7 East
11 20,0 m 8.33 m 16 7% East

For each plot the following data were available:

~ rainfall

= overland flow
~ s0il loss

- EI30
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The soil loss computed with USLE has been compared with
observed soil loss,

_—__...___—__——.--.__—._____——_——_————.___.__...____—_..——_—_..___—-._-—

Flot 1 2 10 11
Soil 1gsg (7imld) [t/hal ) 1.04 1.92. Q.65 1.23
Soil 1gsg (USLE) [t/ha) 20,00 17.99 41.88 42.28
R (USLE) [t/ha)l 98.52 ?8.52 98.52 98.52
K (USLE) 0.44 0.44 0.44 0.44
LS (UsLE) 1.282 1,153 2.299 2.322
C  (usLE) 0.6 0.4 0.6 0.6
F (USLE) 0.6 0.6 0.7 0.7

-—_-._‘__.—__-____...__..._———_._-._—_.__._—_—.—___—________.—______—-.——_

From the data analyzed we select the following figures:
Fig. 4 - observed S0il losg for four erosion plo£s
Fig. 5 - observed spil loss versys EIZ0 for Plot 1
Fig. & - observed sopi} loss versus EIZ30 for plot 2

Fig. 7 - observed Yersus computed S0il loss fgor plot 2

It was veritied that in plots 10 and 11 the S0il 1loss
measured jgq less that from plots 3 and 2, when from the USLE it
should pe the Opposite. Thisg could be explained by the pPlot
orientation and wind orientation and velocity,

EIZ0 SEems not tg be a good indey for the rainfall

erosivity, (Fig. 6) and the USLE overestimates the so0il losg (Fig.
7). '

Another point is for the odd vears during which the s0il
loss observed is much higher than in the even vyears, This
Situation could explain the differences between the s0il 1psg
observed for the plots 1-2 and 10-11, which should be the sanme.

The differencas for the sgj) loss observed ang computed
should be due to;

® the rainfal) erosion index Elzo isn‘t the best indizator for
estimate the factor R in the USLE;

* plot orientation and wind orientation and velocity during
the erosivity storms; '

" greéter erosivity for the odd vears which leads to greater
soil loss ip those vears,

2. Rainfal) simulation studies

The three soils Were studied under simulated rain Wwith three
treatments;

Control, bare soi].

PhDSphDgypsum, delivered over the spi) surface at a rate of
S ton/ha,
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Wheat straw, mulching the sgi) surface at a rate of 3 ton/ha.

Each rainfall event has the duration of 30 minutes.

The main characteristics of the soils are:

Vx . Pg Al
Coarse sand 0.5 446.1 8.1
Fine sand 27.5 33.1 43.7
Silt 0.7 13.8 30.8
Clay 11. 3 7.0 17.4
pPH (H20) 5.8 5.9 6.9
C.E.C.(meq/lODg) 4.9 5.2 10,0

~ The effect of straw WAas spectacular (Fig, 8, 9, 10), but the
Phosphogypsum effect was not so evident:

On the Vx soil (Fig.8, 8a) the 9ypsum controls sediment
production and infiltration during the first stage, but after that
the sediment production is larger than the control plot, and the
infiltration is the same.

It seems that the crust, fcrming a erosion pavement on the
control plot, prevents the soil 1loss.

On the Fg soil (Fig.?) the plots with Phosphogypsum have a
larger soil 1loss than the control ones and near the end of the
rainfall event the sediment production in both treatments match
each other.

The infiltration (Fig.9a) at the beginning was higher on the
control plot but decreased to the same level than in the gy psum
plot, which maintained the same rate during all the event.

One of the reasons could be that the enhancement of the
aggregation due to the calcium, resulted in a decreasing of the
c0il Mmacroporosity at the surface layer, because the aggregates
clogging the soil Macropores and only at the end of the event the
effect of the daggregation showed up. In the control treatment the
clay was carried out deep into the profile.

On  the Al soil (Fig. 10, 10a) the s0il loss started at a
lower rate and the infiltration at a higher rate on the
phosphosipsum plots, but later after 20 minutes of rainfall the
s0il loss rate isg lower than in the control and the infiltration
is the same.

3. So0il column experiments -

On the column experiments (Fig. 11, 12, 13) the hydraulie
conductivity increased always with the concetration of the
percolating salution and as it was expected and reached the
highest values on the Pg and the lowest anes on the Al.

The effect of the sodium on the Hydraulic conductivity of
these soils was not so linear:

On  the Pg soil it seems not to be a major factor because
the 1lowest Hydraulic cenductivity was with SAR 10 followed by the
SAR 20 and SAR O and with a mixed behaviour of the SAR 5.

On  the Vu soil the effect of the sodium is not clear. At
high concentrations of the percolating solutions it seems that
sodium can be an aggregation factor when in large amount and a
dispersive factor in small amounts. At lower concentrations it
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seems to show the same trend than in the Pg soil.

On the Al the trend is simila,- to the one of the Fg soil but
always with a lower hydraulic conductivity.

4. Field plots

Cn  the field plots (2x1‘meter) the treatments were the same
then on the rainfall simulator studies., Like in those ones the
effect of the straw was evident,

On  the vy so0il in Vale Formoso (Fig.14) with 4 slope of 9y
the gypsum teatment had some effect Preventing the sgoi) loss which
Was 197  less than the one Corresponding to the bare soil,
although it Was 477  higher than the soil 10gsg on  the straw
treatment. )

" On  the F9 soil in Mitra (Fig.1s) with 4% slope the gypsum
showed no effect, and a Pcssible reason for this hehaviour could
be the one given for the rainfall experiments,

6. Conclusions

From the above it seenms that the Crusting eftect on thisg
solls is not related with the clay dispersion, but with the soil
texture. Due to thisg it will be interesting to test the effect of
the new soi} conditioners like the pPolyacrylamide,
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