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The spatial variability of soil aggregate stability and its relationship to runoff and soil erosion were examined
in a catena of soils and vegetation in a semiarid environment at the Rambla Honda field site (Tabernas,
Almeria, SE Spain) to evaluate the validity of structural stability as a soil erosion indicator in sandy loam
range soils. The influence of soil properties and topography on the variability of aggregate stability was also
examined. Methods include: 1) aggregate stability assessment at 12 sites (3 repetitions per site) on the
hillslope by two methods: a) aggregate size distribution by dry sieving b) water drop test; 2) soil organic

Is(ter{lmc/xgasl stability carbon content; 3) particle size distribution determination; 4) terrain attributes derived from a digital
Runoff elevation model (1-m resolution); 5) monitoring runoff and erosion for nearly 3 years in eight (10x2 m) plots
Erosion distributed over the hillslope. Results: 41% of the average soil mass is formed by >2-mm aggregates.
Semiarid However, wet aggregate stability is poor, with a mean (of a total of 1440 aggregates) of only 26 drop impacts

necessary to break up a wet aggregate (pF=1). Significant relationships were found in the number of water
drops required for aggregate breakdown and runoff and erosion rates. However, no significant relationships
between the mean weight diameter of aggregates under dry conditions and runoff or erosion rates were
observed. The relationships of aggregates with other soil properties, hillslope position and proximity to
plants are also analysed. The most significant correlation found was between the number of drop impacts
and soil organic matter content. The stability of topsoil aggregates seems to be a valuable indicator of field-
assessed runoff and inter-rill erosion of sandy loam range soils under semiarid conditions.

© 2008 Published by Elsevier B.V.

1. Introduction easier and cheaper and would enable soil aggregation characterisation 43

to be extended to evaluation of this susceptibility (Barthés et al., 2000; 44
Barthés and Roose, 2002). 45

Most work on this topic has been done on agricultural land in 46
temperate climates, but relatively few studies have focused on 47
semiarid environments. Nevertheless, results presently available 48
confirm that aggregate stability is a relevant indicator of soil 49
erodibility and runoff, especially in Mediterranean areas where 50
intense storms are frequent (Cammeraat and Imeson, 1998; Barthés 51
and Roose, 2002). Moreover, there are very few studies in which 52

Although no single simple measurable soil property can fully
represent the integral response that constitutes soil erodibility (Lal,
1990), in practice, a few properties, particularly soil aggregation,
dominate soil erosion response (Bryan, 2000). Aggregate stability is
considered to be one of the main soil properties regulating soil
erodibility (De Ploey and Poesen, 1985; Cerda, 1998) in semiarid
environments (Dunne et al., 1991). Numerous studies describe the
relationships between aggregate stability indexes and soil erosion

(Imeson and Vis, 1984; De Ploey and Poesen, 1985; Le Bissonnais, 1996;
Cammeraat and Imeson, 1998; Cerda, 1998). Field evaluation of soil
susceptibility to water erosion is often expensive and time-consum-
ing. Determination of its relationship to soil aggregate stability is
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aggregate stability is compared to water erosion and runoff rates 53
found under natural rainfall conditions to validate the suitability of 54
aggregate stability as an indicator of runoff and erosion. 55

At the Rambla Honda field site, located in Almeria (SE Spain), 56
hillslope hydrology and erosion have been monitored at different 57
spatial and temporal scales over the last 15 years, so an ample 58
database is available and can be used to evaluate the importance of 59
aggregate stability as an indicator of runoff and erosion in this type of 60
soils. At the same time, structural stability analysis could help to 61
interpret runoff and erosion rates in the study area. 62

The objectives of this paper are to: 1) analyse the spatial hetero- 63
geneity of aggregate stability over a catena of soils and vegetation; 64
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2) examine the influence of other soil properties and topography on
aggregate stability and 3) analyse the relationships of aggregate
stability to runoff and soil erosion to check its validity as an erodibility
indicator.

2. Field site and methods
2.1. Study site

The Rambla Honda field site is located near Tabernas, in Almeria
Province, SE Spain (37° 8'N, 2° 22'W), on the southern slope of Filabres
Mountain Range (Fig. 1), which is mainly Pre-Cambrian to Triassic
metamorphic rock. Precipitation in this semiarid climate falls mainly
in winter, with a dry period from June to September. The mean annual
precipitation is 235 mm in Tabernas (10 km from the site), where data
have been recorded over a period of 30 years (1967-97) (Lazaro et al.,
2001), and 265 mm at the instrumented site, where records are for
18 years (1988 to 2007). The mean annual temperature is 17.8 °C.
Prevailing winds come mostly from the N, NW and SE through the
Rambla Honda Valley. The wind speed is over 5m s~ ! for only 1% of the
year (Puigdefabregas et al., 1996). The main bedrock is a highly
convoluted and fractured, dark grey, fine-grained, Devonian-Carbo-
niferous slaty micha schist with graphite and garnets, crossed by
abundant quartz veins alternating with thin phyllite layers (Nicolau et
al., 1996).

Field work was conducted on an 18-hectare sector of hillslope, which
stretches from the dry bed of an ephemeral river (Rambla Honda) at
630 m altitude to the water divide at 770 m, with a median slope angle of
40%. The hillslope surface is a catena of soils and associated vegetation
types. Soils show little development of pedogenic horizons, and are
mostly loamy sands and fine sandy loams (with low proportions of silt
and clay). At the top of the hillslope, soils (Typic Torriorthents) lie on
mica schists and the vegetation is dominated by Stipa tenacissima L.
tussocks. On the Typic Torrifluvents in the alluvial fan, the shrub
Anthyllis cytisoides L. predominates at the upper part, and Retamas-
phaerocarpa (L.) Boiss is predominant at the lower part. Retama is also
abundant in the dry stream bed. S. tenacissima on the upper slopes used
to be harvested for cellulose, while the footslope sedimentary fill was
cultivated with rainfed cereals. Both types of land use were discontinued

N

/| Almeria

about 45 years ago (Puigdefabregas et al., 1999). For a detailed 101

description of the site, see Puigdefabregas et al. (1996, 1999). 102
2.2. Data acquisition 103
2.2.1. Soil aggregation characteristics 104

Based on the hypothesis that topography might be an indirect 105
factor controlling aggregate stability through its influence on other 106
soil properties like soil organic matter (SOM), texture and plant 107
development, aggregates were studied in representative topographi- 108
cal transects on the hillslope (from about 630 m to 770 m altitude and 109
550 m in length). 12 sampling sites (about 30 mx5 m) were selected 110
with 3 micro sampling areas (0.25 m?), 15 m apart from each other, in 111
each (36 micro sampling areas total). Eight of the sampling sites are 112
near (less than 1 m away) erosion plots. Soil samples were collected 113
from the surface layer (1-3 cm), which is affected by natural rainfall 114
and is crucial to erosion processes (Cerda, 1998). Litter, rock fragment 115
cover and surface crusts, when present, were removed prior to 116
sampling. The aggregates were deposited in rigid cardboard boxes to 117
keep them undisturbed till reaching the laboratory. All the samples 118
were taken in open areas (in the centre of an open area or near the 119
plant but outside the canopy structure), because the erosion plots 120
involved in this work are predominantly open areas covered by 121
annuals and rather limited shrub cover (Puigdefabregas et al., 1996). A 122
detailed description of the soil surface conditions, vegetation, stone 123
cover, etc., was made of each sampling point, and georeferenced using 124

a differential GPS. 125
Soil aggregation parameters were found by two methods: 1) Dry 126
sieving and 2) Water-drop test (CND). 127

1) Dry aggregate size distribution was determined after air drying by 128
mechanical sieving (Kemper and Chepil, 1965) into different size 129
fractions (>8 mm, 4-8 mm; 2-4 mm; 1-2 mm; 0.5-1 mm; 0.25- 130
0.5 mm and <0.25 mm). Stones and litter >2 mm were removed. 131
The percentage by weight of aggregates in each fraction and the 132
Mean Weight Diameter index (MWD) were calculated (Chaney and 133
Swift, 1984). 134

2) Wet aggregate stability was determined by the single water-drop 135
test (Imeson and Vis, 1984) on 4-mm to 4.8-mm-diameter 136

Fig. 1. Field site location and general view.
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Table 1
Basic characteristics of the runoff and erosion plot
Plots Slope Plant cover Shrubs Rock fragments Crust
(%) (%) (%) (%) (%)
P1 12 40 5 80 10
P2 21 65 5 90 5
P3 27 20 15 80 20
P4 29 40 15 50 40
P5 33 70 5 60 10
P6 28 70 5 80 20
P7 35 80 10 30 2
P8 45 80 25 45 4

aggregates which had been moistened for 24 h with distilled water
to standardised moisture conditions (pF 1) to prevent slaking on
abrupt wetting (Emerson, 1983; Le Bissonnais et al., 1989). 4.0 and
4.8-mm aperture sieves were used to separate the required sizes.
0.1-g (5.8-mm diameter) water drops were allowed to fall 1 m
through a 15-cm-diameter polythene pipe onto aggregates placed
on a 2.8-mm metal sieve (Imeson and Vis, 1984). The number of
drops necessary to disrupt the aggregates was counted and used as
a stability index. Other authors have used the same aggregate sizes
for Mediterranean soils (Imeson and Verstraten, 1985; Lavee et al.,
1991, 1996; Boix et al., 1995; Cerda, 1996) mainly due to the size of
the drops used in the drop-test. 40 single aggregates were taken
from each soil sample, for a total of 1440 aggregates for all of the
samples. Aggregate stability (number of drops required to destroy
an aggregate up to a maximum of 100 drops) was expressed as the
mean of the 40 aggregates per soil sample. The CND test was
chosen from among the standard methods for assessing aggregate
stability, because, due to its simplicity, it can be used with many
samples, as in this case. The aggregate pre-treatment and size
standardisations adopted by Low (1967) and later by Imeson and
Vis (1984), and applied by numerous other authors (Sarah, 1995;
Cerda, 1998, 2000), were used in this paper.

2.2.2. Soil properties
Soil samples were air-dried, gently crushed and passed through a
2-mm sieve to remove coarse fragments. SOM content was then

determined using the Walkley-Black wet digestion method (Nelson
and Sommers, 1982). Particle-size distribution was assessed by dry
sieving and Robinson's pipette method after removal of organic
matter with 30% H,0, and dispersion by agitating the sample in 10 ml
of 40% sodium hexametaphosphate (Gee and Bauder, 1986); the sand
fraction was separated by wet-sieving, oven-dried, and then fractio-
nated by dry sieving.

2.2.3. Rainfall, runoff and erosion measures

Rainfall volume and intensity were recorded by rain gauges distributed
along the hillslope. Intensity was measured by automatic tipping-bucket
gauges (0.24-mm resolution) connected to the general data acquisition
and transmission system (Puigdefabregas et al., 1996, 1999). In addition,
each runoff plot was provided with a rain gauge for measuring total
precipitation per event.

162
163

169
170
171
172
173
174
175

Surface runoff and sediment yield were measured in 8 enclosed runoff 176

plots (8 x2 m) distributed over the hillslope to collect information on the
role of old abandoned fields with low perennial plant cover and different
gradients as potential sources of runoff and sediment. The main
characteristics of the plots are presented in Table 1. Each plot is provided
with two 200-litre collector tanks. When the first overflows, 1/10 of the
stream flows on to the second through a slot. Readings were made after
each rain event and samples were taken for sediment determinations. The
events during a period of 2 years and 8 months were used for this work.
The relationships between aggregation parameters and runoff and erosion
rates were analysed using the average aggregation parameters of 3
sampling areas close to every plot and the total runoff and erosion rates for
the entire period.

2.2.4. Terrain attributes

To analyse the influence of topography on soil aggregate stability,
the following terrain attributes were derived from a 1-m-resolution
digital elevation model (DEM) using PC-Raster and IDRISI software:
a) Slope angle (SLO), b) Slope aspect (ASP) and an insolation index,
c) Slope profile curvature (PRF), which is negative for concave slope
segments and positive for convex segments, d) Plane curvature (PLN)
which is positive when the slope segment is concave and negative
when convex, e) Distance to the nearest stream (DIST), g) Contributing
area (ARE); h) Topographic wetness index (W) (Beven and Kirby,
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Fig. 2. Size aggregate distribution.

Please cite this article as: Cantén, Y., et al., Aggregate stability in range sandy loam soils, Catena (2009), doi:10.1016/j.catena.2008.12.011

195
196
197
198


http://dx.doi.org/10.1016/j.catena.2008.12.011

199
200

202
203

204
205
206
207
208
209
210

212

213

214
215

216

218
219
220

222
223
224
225

2.1
t2.2
t2.3
t2.4

t2.6
t2.7
t2.8
t2.9

t2.11
t2.12

£2.13

4 Y. Cantén et al. / Catena xxx (2009) XxX—-XXX

60 1
ORetama
£ Anthyllis
501 W Stipa
;@ 40 1
]
T 301
E
@
N o9
101 |
ez
0 . . i | .
o o (= o o
B Q@ ¥ w L
(=} [=] [=] (=] A
- 34 (&) <+

Mean number of drops impacts

Fig. 3. Distribution of the mean number of drops necessary to break one aggregate
under the influence of different vegetation type.

1979), and i) Length slope factor (LSF) as defined by Moore and Burch
(1986). Terrain attributes were calculated from the average of nine
values from 3 x3-m windows (3 x 3 pixels) for each aggregate sample.
The relationships between aggregate stability indexes and terrain
attributes were examined by Pearson correlation analysis.

2.2.5. Statistical analysis

Differences in vegetation types with respect to aggregate size
distribution, macro-aggregate stability and soil properties were
analysed using one-way ANOVA. The samples were grouped by the
predominant shrub (Stipa, Retama, Anthyllis) in the sampling area.
Relationships between aggregate stability and erosion and runoff rates
were found by fitting exponential or lineal equations. Statistica 6.0
software was used, and the significance level was p equal or smaller
than 0.05 in all statistical analyses.

3. Results

3.1. Aggregate size distribution and macro-aggregate stability on the
hillslope

There are not many large-sized aggregates (>8 mm and 4-8 mm)
in any of the samples, as may be observed in Fig. 2, where only an
average of 12% of aggregates is over 8 mm and 21% of aggregates are
larger than 4 mm. Moreover, the mean of 26 drop impacts (for 1440
aggregates) necessary to break up an aggregate under wet conditions
means wet aggregate stability is poor (pF=1). CND test results range
from 13 to 55, and in 97% of the samples a mean of less than 50 drop
impacts was necessary to break-up 4 to 4.8-mm aggregates. In 52% of
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Fig. 4. Relationship between the soil organic matter (S.0.M.) content and the mean number
of drop impacts necessary to break one aggregate (4.0-4.8 mm) for the 36 studied areas.

moss and/or small roots, some aggregate CND results were over 100,
though the average of the 40 sample aggregates was below 56.
To analyse the influence of vegetation types (Stipa, Anthyllis and

Retama) on aggregate size distribution, the samples were grouped ¢

according to the predominant plant cover in the sampling areas. No
statistically significant differences were found in vegetation types for
the mean weight diameter (MWD) or percentage of >8-mm and 2-4-
mm aggregates, whilst the number of 4-8-mm aggregates is
significantly related to vegetation type (Table 2). Statistically sig-
nificant differences were also found for 1-2-mm, 0.5-1-mm, 0.25-

0.5-mmand <0.25-mm aggregates (Table 2). There were no significant 236

differences in CND values for the three main types of plant
communities on the hillslope (Table 2).

The influence of the proximity of the soil sample to any individual
perennial plant was also analysed by comparing the aggregate size

distribution and wet aggregate stability in both open areas over 0.5 m ¢

from individual plants, and near them, but remaining outside their
canopies. Although larger aggregates were associated with positions
near a plant as reflected by the MWDs and percentages of >2-mm, >8-
mm, 4-8-mm and 2-4-mm aggregates (Table 2), these differences are
only significant for the percentage of >8-mm aggregates, MWD and >2-
mm aggregates (p<0.1 for the last two variables). The mean number of
drop impacts necessary to break up the aggregates (4-4.8 mm) was
significantly higher for samples near perennial plants (36.7) than for
samples in open areas (23.9).

3.2. Influence of other soil properties and topography on aggregate size
distribution and wet aggregate stability

the samples, 20 to 30 drop impacts were enough to break up the SOM content ranges from 1.1% to 4.4% in the 36 samples analysed.
aggregates (Fig. 3). In the most stable samples, when aggregates had Nevertheless, in 42% of them, it was below 2%. No significant
Table 2
Mean values of soil aggregate parameters and soil properties under the influence of different vegetation types and position respect shrubs
Data Group No. Percentage of aggregate sizes MWD N.D. S.0.M Sand Silt+Clay
sampling (mm) ®) ®  ®
areas
Vegetation type >8 4-8 2-4 1-2 0.5-1 0.25-0.5 <0.25 >2
Stipa 14 11.2 10.2a 214 22.1a 13.0a 13.9ab 8.1a 42.7 2.6 30.9 2.5 75.5a 24.5a
Anthyllis 1 12.8 9.2ab 19.3 20.9a 14.4a 15.4a 7.9a 414 2.8 220 21 77.1a 22.9a
Retama 11 14.2 7.4b 20.9 32.7b 9.6b 10.2b 5.0b 42.5 2.6 27.2 2.6 82.7b 17.3b
Position respect the shrub
Open area 27 10.5a 8.9 19.8 25.7 13.0 14.2 79 39.2a* 2.5a* 23.9a 2.2a 77.6 224
Near the shrub 9 17.1b 9.6 20.8 234 113 11.2 6.5 47.5b* 2.9b* 36.7b 2.9b 74.9 25.1

Statistical differences (p<0.05) between groups are marked with different letters, * indicates p<0.1. Aggregates sizes are expressed in mm. MWD =mean weight diameter in mm.

ND=number of drop impact per aggregate.
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Table 3

Correlation coefficients (r) between topographic attributes and aggregate stability under
dry conditions (mean weight diameter index (MWD) and size distribution of aggregates)
and wet (number of drop impacts per aggregate)

Variable Elev  Slo Ins. Prf Pln Are w LSF Dist

No. drop/aggr 0.08 -0.03 005 035 0.09 -022 014 -014 -0.02
MWD (mm) 001 021 019 003 -0.09 -0.08 -026 0.04 -0.02
>8 mm -015 -0.07 034 0.04 -011 -013 -032 -020 -0.15
4-8 mm 043 040 -026 -005 -010 -0.02 0.02 032 039
2-4 mm 014 017 012 -002 015 014 0.03 025 -0.02
1-2 mm -032 -030 -019 -0.05 039 032 017 007 -0.29
0.5-1 mm 0.11 0.08 -0.03 006 -031 -023 -001 -015 0.18
0.25-0.5mm 012 0.07 -0.05 004 -032 -026 -0.05 -0.19 0.20
<0.25 mm 016 0.07 -009 000 -023 -021 011 -013 0.26

N=36. Ele: Elevation; Slo: Slope gradient; Ins: Potential insolation index; Prf: Profile
curvature; Pln: Plan curvature; Are: Contributing area; W: Index W; LSF: Length Slope
Factor; Dist: Distance to channels. Significant values are in bold (p<0.05).

relationships were found between SOM content and aggregate size
distribution (or with MWD or aggregate size classes). However, wet
aggregate (4-4.8 mm) stability increased significantly (p=0.00004)
with SOM content (Fig. 4). There were no significant differences in
SOM among vegetation types (Table 2), however, it was significantly
higher in samples taken near the plant than from bare areas (Table 2).

As may be observed in Table 2, sand is the major fraction in these
soils, representing 71.2% to 83.5%. Clay content ranges from 0% to 8.5%.
The analysis of relationships between soil particle size (sand, silt, clay,
silt+clay) and aggregation parameters (mean number of drop impacts
necessary to break up aggregates, MWD and percentage of aggregates
of different sizes) indicates that particle size does not play a
determining role in either wet aggregate stability or aggregate size
distribution. Only the relationships between soil particle size and 4-8-
mm aggregates and 1-2-mm aggregates are significant. A higher
percentage of 4-8-mm aggregates was found when the silt+clay
content increased (4-8-mm aggregates (%)=0.38*silt+clay content
(%)+0.76; *=0.3, p<0.02), and the opposite relationship was found
for sand content (4-8-mm aggregates (%)=-0.38*sand (%)+38.9;
r2=0.3, p<0.01). For the 1-2-mm aggregate class the relationship to
particle size is the opposite of the 4-8-mm aggregate class.

The average silt+clay content is significantly higher where there is
Stipa than Anthyllis and much more than Retama, and obviously the
sand content follows the opposite trend. Although the silt+clay
content is higher near the plant than in open areas, this difference is
not statistically significant (Table 2).

Few significant correlations were found among terrain attributes
and aggregate size distribution or CND values (Table 3), for example,
the mean number of drop impacts necessary to break up 4-4.8-mm
aggregates was positively correlated with profile curvature (the more
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Fig. 5. Total runoff and erosion rates in the 8 plots monitored during 2 years and 8 months.
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Fig. 6. Relationship between total and maximum runoff recorded in one event in all the
field plots and the mean number of drop impacts necessary to break one aggregate of
soil in the corresponding part of the catena.

convex the more drops). The 4-8-mm aggregate class was positively 285
correlated with altitude, slope gradient and distance to channels. No 286
significant correlations were found when terrain attributes were 287
compared with particle size composition or SOM. 288

3.3. Relationships with runoff and erosion 289

Fig. 5 shows runoff and erosion rates recorded in the 8 plots during 290
the study period, in which 25 runoff events occurred. There is not much 291
erosion on the hillslope; the highest erosion rate after 2 years and 292
8 months was less than 100 g/m™2. It may be observed that the highest 293
erosion rates were recorded in the alluvial fans (Plots p3 and p4). Total 294
erosion rates are positively and linearly related, though not significantly, 295
with total runoff rates, and for total and maximum rates recorded in one 296
event. This weak relationship can be attributed to the short monitoring 297
period. 298

The mean number of drop impacts necessary to break up 4-4.8-mm 299
aggregates had a significant negative exponential relationship with total 300
runoff (Fig. 6), and also with the maximum runoff rate recorded in a 301
single event (41 mm and a maximum ;g ;mm=120 mm). There is also a 302
significant negative logarithmic function between the mean number of 303
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Fig. 7. Relationship between total and maximum erosion recorded in one event in all the
field plots and the mean number of drop impacts necessary to break one aggregate of
soil in the corresponding part of the catena.
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drop impacts and the total (over the monitoring period) and maximum
erosion rates in a single event (Fig. 7). The mean number of drop impacts
necessary to break up 4-4.8-mm aggregates increased as runoff and
erosion rates decreased.

No significant relationships were found between MWD values and
runoff and erosion rates or between the different aggregate size
classes and runoff and erosion.

4. Discussion

4.1. Aggregate size distribution and macroaggregate stability on the
hillslope

Soil aggregation in sandy loam soils from micaschists is relatively
high (e.g., >2-mm aggregates represent an average of about 41% of all
samples) despite the particle size distribution and other properties of
these soils: about 80% sand, very low clay content, near absence of
calcium carbonate, relatively low SOM, low CEC (<10 cmol-kg™!)
(Puigdefabregas et al., 1999). Nevertheless, large aggregates (>8 mm)
are not very abundant in most samples and in general the most
abundant aggregates are in the 1 to 4-mm classes. As several works
have shown that aggregation and the proportion of large aggregates
decrease with aridity (Lavee et al., 1996; Cerda, 1998), because soil
conditions are more favourable for aggregation in humid areas, a
smaller proportion of large aggregates was expected in the study area
(mean annual rainfall of 235 mm). However, other studies in arid
areas, and also in Southeast Spain (Alicante), have found more
abundance of large aggregates, e.g., Boix-Fayos et al. (2001) analysed
soil aggregation in a climatological transect, from semiarid to
subhumid conditions, finding the highest proportions of large
aggregates (>10, 5-10, 2-5 mm) in the most arid part of the areas
studied, associated with more biological activity in these soils due to
low-intensity land use. In Rambla Honda, there is very little biological
activity, as shown by Puigdefabregas et al. (1996, 1999) from
micromorphological soil observations, despite the fact that these
soils have not been farmed for over 40 years. However, the soil
properties are very different from those of the soils studied by Boix-
Fayos et al. (2001), where more than 50% are fine silt+clay, SOM is
over 5% and calcium carbonate is much higher.

Despite the relative abundance of macroaggregates on the hillslope
in Rambla Honda, the stability of 4-4.8-mm aggregates to drop
impacts is poor compared to the values found by others authors. Cerda
(1998), in a study on soils on limestone in eastern Spain found, for the
same initial conditions (pF=1), that a mean of 162 drop impacts was
necessary to break up an aggregate (4-4.8'mm).

Although there were only 5 to 12% of 4-4.8-mm aggregates in the
soil samples studied, and the most representative size is actually 1-
2 mm (Fig. 2), we decided to apply the standardised CND test (Imeson
and Vis, 1984) to 4-4.8-mm aggregates so that results would be
comparable to those of other authors in semiarid areas like Boix and
Sarah (2005) and Cerda (1996, 1998, 2000) among others, who applied
the CND test to the same size aggregates under similar conditions
(water-drop weight and fall height, etc.). Nevertheless, very similar
results were found using >2-mm-diameter aggregates with no
variation in drop-weight. For 200 >2-mm aggregates from a mixed
sample from different positions on the hillslope, a mean of 31 water
drop impacts were necessary to break up an aggregate.

Other authors (Cerda, 1998; Caravaca et al., 2005) have pointed out
the influence of vegetation type on aggregate stability. However, the
results presented here do not support their findings. This may be
because, contrary to other studies, the samples in this study were always
taken in open areas, near a plant, but never under the canopy as in other
studies, thus limiting the influence of the plant. In fact, we did not find
any significant difference in SOM content among the three hillslope
sectors (by type of predominant vegetation, different in each), though
previous studies in the same area (Nicolau et al., 1996; Puigdefabregas

et al., 1996) found that SOM content from the soil surface horizon 367
increased upslope, also coinciding with larger amounts of litter under 368
Stipa, followed by Anthyllis and finally Retama. 369

The main differences among the types of perennial vegetation 370
affected the distribution of 4-8-mm and <2-mm aggregate classes, the 371
abundance of larger aggregates coinciding with a relatively higher 372
content of silt+clay (upper sector of hillslope covered by Stipa), and 373
the opposite was true for <2-mm aggregates. In previous work done at 374
the site, the more abundant fine fractions at the upper sector of the 375
hillslope was explained by frequent rock outcrops on the upper 376
hillslope, which retain silt and clay upslope above the alluvial fans 377
(Puigdefabregas et al., 1999). Cammeraat and Imeson (1998), analysing 378
aggregate size distribution of Leptosols and Regosols in Murcia under 379
different types of plant cover found that coarser fractions were also 380
more abundant under S. tenacissima, though this was not related to 381
higher SOM. 382

It seems that perennial plant proximity exerts some influence on 383
the mean number of drop impacts necessary to break up an aggregate 384
(4-4.8 mm), and the proportion of coarser aggregates is larger nearer 385
the plant than farther away from it (Table 2). Though the aggregates 386
near the plant have a higher SOM and fine silt+clay content, these 387
differences are not statistically significant. Other conditions, like soil 388
water content, higherin areas close to the plant than farther from it, as 389
demonstrated in a nearby field site in Tabernas (Cantén et al., 2004), 390
and better soil temperature regime, would probably play a significant 391
role in this sense, by improving soil biological activity (Imeson et al., 392
1996). Pugnaire and Haase (1996) in their work, also done in the 393
Rambla Honda, found that the SOM content (about 3.9+0.7%) was 394
higher-under R. sphaerocarpa than in open areas (1.4%) and texture 395
improved, with a higher silt+clay content under Retama (15.6+£0.2%) 396
than outside the canopy (9.6+0.1%). Most authors (Cammeraat and 397
Imeson, 1998; Cerdd, 1998, 2000; Li and Sarah, 2003; Sarah and Rodeh, 398
2004) alsofound differences between open areas and under the 399
plant). 400

4.2. Influence of other soil properties and topography 401

Many authors have demonstrated that SOM content is one of the 402
most important factors determining aggregate stability in soil (Tisdall 403
and Oades, 1982; Metzger et al., 1987; Roberson et al., 1991; Boix- 404
Fayos et al., 1998; Cerda, 1998, 2000; Marti et al., 2001; Castro-Filho 405
et al., 2002; Sarah, 2005; Bissonnais et al., 2007). Our results agree, as 406
SOM shows a positive linear relationship with the number of water 407
drops necessary to break up aggregates (Fig. 4). Taking into account 408
that 2% of SOM content constitutes an important threshold of soil 409
aggregate stability (Oades, 1988; Cerda, 1998), the fact that 42% of the 410
soil samples studied had less than 2% SOM content also explains the 411
relatively poor aggregate stability of these soils. 412

SOM seems not to be an important factor in the formation of coarser 413
aggregates in the Rambla Honda because no significant relationships 414
were found between MWD and SOM, and although coarser aggregates 415
are positively related to SOM and smaller aggregates are negatively 416
related, the relationships are not significant. Boix-Fayos et al. (2001) and 417
later Sarah and Rodeh (2003) did not find statistically significant 418
relationships between SOM content and MWD index or the aggregates 419
size distribution either, whereas other authors (Tisdall and Oades, 1982; 420
Roberson et al., 1991) found that MWD increased with increasing SOM. 421
Castro-Filho et al. (2002) showed that the MWD index was 50% higher in 422
the first 20 cm of soil where SOM was also higher. Other authors have not 423
found a relationship between >2-mm aggregates and SOM, although 424
they have with very small aggregates, i.e., aggregates smaller than 425
0.105 mm (Unger 1997; Boix-Fayos et al., 2001). Nevertheless, in other 426
works, the abundance of macroaggregates was significantly related to 427
SOM content (Ternan et al.,, 1996; Cerd4, 1998; Marti et al., 2001). 428

The role of soil texture in wet aggregate stability is not as 429
influential as the SOM content in these soils, which coincides with 430
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the findings of other researchers in different places (Tisdall and Oades,
1982; Metzger et al., 1987; Roberson et al., 1991). Rambla Honda soil
has a very low clay content (less than 8.5% in all the samples analysed),
and as clay is the most important fraction controlling structural
stability (Gollany et al., 1991; Payne, 1992), this could explain the slight
effect of texture on macroaggregate stability. Rather unstable soil
aggregates over 4 mm, though not very frequent, might also be
explained, apart from the presence of SOM, by the fact that a large
percentage of the mineral grains are micas (mainly muscovite,
paragonite and biotite) with different degrees of weathering, and
therefore have some negative charge, which might contribute to
bonding with both SOM and Fe oxihydroxides, which are also present
due to garnet weathering, determined from the reddish colour of
weathering rinds in mica schist rock fragments. Thus the influence of
texture becomes apparent in the abundance of 4-8 mm and 1-2 mm
aggregates. As expected, the abundance of coarse aggregates (4-
8 mm) increased with silt+clay content and decreased with sand
content, coinciding with the results of Boix-Fayos et al. (2001), and the
other way round for 1-2-mm aggregates.

Topography does not significantly affect macroaggregate stability
or aggregate size distribution. This is consistent with the fact that
topography showed no significant relationships with SOM content or
particle sizes. Only some relationships, like the positive correlation
between aggregate stability to drop impact and convexity were
significant. Flow velocity and erosive potential are reduced on convex
hillslope segments, allowing more stable aggregates to form (Meyer
and Martinez-Casasnovas, 1999). The positive correlation between the
proportion of large aggregates (4-8 mm) and altitude, slope gradient
and channel distance (Table 3) can be explained by the higher fine-
particle content at the upper sector of the hillslope (with steeper slope
gradients and farther from channel).

4.3. Relationships to runoff and erosion

Neither the aggregate size distribution nor the MWD index is of value
as an indicator of susceptibility to runoff and erosion in Rambla Honda
soils. In fact, other authors have pointed out that both indices are mainly
related to wind erosion (Unger, 1997). Abu-Hamdeh et al. (2005) found
that detachment rates increased and inter-aggregate tensile strength
decreased as clod size increased and that final splash loss rates from the
largest clods were higher than from the smaller ones.

Our results confirm the validity of wet aggregate stability deter-
mined by the CND test as an indicator of soil susceptibility to runoff and
erosion as reported in previous publications (Cammeraat and Imeson,
1998; Barthés and Roose, 2002). Barthés and Roose (2002), using
different methods, found that topsoil aggregate stability was closely
related to runoff and soil erosion assessed in the field at several scales
(from 1 m? microplot to hillslope). As in our case, other authors have
found significant negative relationships between aggregate stability and
soil erodibility and susceptibility to runoff (Reichert and Norton, 1994;
Amezketa et al., 1996). However, in most studies on aggregate stability,
soil erosion was determined by rainfall simulation on disturbed samples
in the laboratory or performed on microplots in the field with rainfall
simulators (Valentin and Janeau, 1989; Van Dijk et al., 1996; Boix-Fayos
etal.,, 1998), but only a few studies have evaluated runoff and soil erosion
under natural rainfall on erosion plots (Quantin and Combeau, 1962;
Barthes et al., 2000; Barthées and Roose, 2002). This paper demonstrates
the value of using macroaggregate stability assessed under natural
rainfall on runoff-erosion plots as an indicator of runoff and soil erosion
in sandy loam soil in a semiarid environment.

5. Conclusions
1. Wet aggregate stability of sandy loam soil in the Rambla Honda is

poor. 97% of the samples studied required less than 50 drop impacts
to cause the disintegration of 4-4.8-mm aggregates.

2. The SOM content has been found to be one of the main factors
controlling the wet aggregate stability in these soils, however no
significant relationships were found between the organic matter
content and the aggregate size distribution.

493
494
495
496

3. As clay content in this soil is very low (<8.5%), the influence of 497

texture on aggregate size distribution and wet aggregate stability is 4

of little significance, even considering that the silt fraction,
especially the finest, might contribute slightly to aggregation.

4. No significant differences were found in wet aggregate stability in
open areas among the three hillslope sectors, each of which had a
different predominant vegetation type (Retama, Anthyllis and

Stipa). However, significant differences were found in aggregate :

size distribution among the three vegetation types, with more
large-size aggregates (4-8 mm) in the areas of influence of Stipa
and Anthyllis. Moreover, the sampling site position with respect to
perennial plants affects aggregate stability, with a higher mean
number of drop impacts necessary to break up aggregates and a
higher proportion of macroaggregates (~8 mm) near the plant.

5. Terrain attributes do not play a significant role in soil aggregate
stability, nor does topography exert much control on the spatial
distribution of either soil organic matter or texture. However, it is
worth while highlighting the significant relationship between wet
aggregate stability and profile curvature, indicating that more
stable aggregates are found on convex areas where flow velocity
and potential erosion are lower.

6. The wet stability of topsoil aggregates as determined by a CND test
is a valuable indicator of runoff and erosion measured in the field
under natural rainfall conditions in sandy-loam soil. Thus, a simple
laboratory assay, such as the CND test, could provide results
significantly correlated with field data which are much more
expensive and time-consuming to acquire.
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