Volumen 33, N° 4. Paginas 31-40
IDESIA (Chile) Septiembre-Noviembre, 2015

Soil structural condition and its relationship with pastures under
different conditions in the Simpson Valley (Humid western
Patagonia, Chile)

Estado estructural del suelo y su relacion con pasturas bajo diferentes condiciones
en el Valle Simpson (Patagonia occidental hiimeda, Chile)

Manuel Vial A."*, Marco Sandoval E.?

RESUMEN

Se evalud la condicién estructural del suelo y su relacion con praderas bajo diferentes condiciones de uso en el valle Simpson,
region de Aysén, Chile (45° 43" S, 72° 07" N). El suelo es Andisol, serie Pollux (Typic Hapludands). Las condiciones fueron:
Terraza pradera natural degradada (TPD), Terraza pradera sembrada buen estado (TPBE), Silvopastoreo (SP), Lomaje pradera
natural degradada (LPD), Lomaje pradera sembrada buen estado (LPBE); en profundidades de 5, 10 y 20 cm. Mediante el méto-
do de tamizado en himedo se determinaron el % de agregacién, macroagregados (¥ 20.25 mm), microagregados (¥<0.25 mm),
estabilidad de agregados (DPM mm) y el Indice de Perdida (IP g kg™"). El disefio experimental usado fue completamente al azar
con arreglo de parcelas divididas. Las diferencias se analizaron mediante Tukey (p < 0.05). Existié un elevado % de agregacién
(77.8 £9.7) y dominio de macroagregados en todos los tratamientos. Se observé mayor estabilidad de agregados en SP (> DPM),
seguido por TPBE y LPBE, y menor estabilidad en TPD y LPD. IP correlacioné con DPM (r= -0.723; R?=0.567). Los suelos
presentan buenas condiciones estructurales, pero son fragiles. El silvopastoreo es altamente beneficioso en la mantencién y mejo-
ramiento de las condiciones fisicas de los suelos, seguido de praderas artificiales.
Palabras clave: silvopastoreo, agregacion, Patagonia, Andisols.

ABSTRACT

The structural condition of the soil and its relationship with pastures under different conditions in use soil were evaluated in
the Simpson Valley, Aysén Region, Chile (45° 43 S, 72° 07’ N). Soils correspond to Andisols, Pollux series (Typic Hapludands).
Established conditions were: terrace in degraded natural pasture (TPD), terrace in well-kept planted pasture (TPBE), silvopasture
(SP), degraded natural pasture on a hill site (LPD), and well-kept planted pasture on a hill site (LPBE). At depths of 5, 10 and 20
cm. Percentage of soil aggregation, macroaggregates (¥, 20.25 mm), microaggregates ( ¥<0.25 mm), stability of aggregates (MWD
mm) and Loss Index (IP g kg™') were determined by wet sieving. The experimental design was a complete randomized in a split
plot arrangement. Statistical differences were analyzed using Tukey’s tests (p < 0.05). A high percentage of aggregation (77.8 +
9.7) and a predominance of macroaggregates were observed in all treatments. Higher aggregate stability was observed in SP (>
MWD), followed by TPBE and LPBE, while TPD and LPD showed lower levels of aggregate stability. IP correlated with MWD
values (r = -0.723; R*=0.567). Soils presented good physical conditions but fragile nature. Silvopasture is a highly beneficial
practice to maintain and improve soil physical conditions of the valley, followed by artificial pastures.
Key words: silvopasture, aggregation, Patagonia, Andisols.

Introduction specific agro-ecological characteristics: the humid

area, the intermediate zone and the cold steppe.

Aysén Region and its agricultural production

The Aysén Region has an area of approximately
10.8 million hectares. The region is divided
transversely from west to east into three areas with

The intermediate zone has a trans-Andean climate
with cold-steppe degeneration, with continental
characteristics, with a considerable temperature range
and less precipitation than the humid area -. Rainfall
ranges from 1000 to 1500 mm in the valleys and
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from 500 to 700 mm in areas of transition towards
the cold steppe. Strong westerly winds prevail in
spring and summer, what results in water deficit of
up to three months. Average temperature in summer
ranges from 12 to 14 ° C and from 2 to 3 ° C in
winter, with an average minimum of -4 ° C. The
frost-free period lasts about four months (November
to February) (Silva et al., 1999). The valley of the
Simpson River is located in the intermediate zone. It
is an exceptional area, with soils fitted for pastures
that have supported a remarkable farming activity
in the area over many years.

Aggregation

The permanence, destruction or production
of soil aggregates and organic matter content are
presented as relevant indicators for soil structure
and sustainable use of the system (Carter, 2002).
Aggregates are physically stable and quantifiable
organometallic complexes that made up soil
structure. Aggregates can be modified according
to rotation, organic matter content and continuity
of the intervention over time (Jastrow et al.,
1998; Bronick and Lal, 2005). Six et al. (2000)
obtained four different fractions by wet sieving
and classified them into microaggregates (53
to 250 um), small macroaggregate (250-2000
um) and large macroaggregates (> 2000 pum).
Macroaggregates can be formed by the accumulation
of microaggregates or particles of organic matter
or and exudates from bacterial activity that help
bind clay particles together and contribute to soil
aggregation (Oades, 1984).

Pasture rotation-crops and structural changes
in the soil

There are changes in land use that deteriorate
the soil physical conditions. Livestock production
and crop production in forest lands increase bulk
density, compaction and reduce infiltration (Reiners
et al., 1994). Other changes relate to sites, such as
intensive crop rotation, establishment or elimination
of pastures and grazing occurrence, which bring
about changes in the variation of the pore space
and biomass production (Singleton and Addison,
1999; Houlbrooke et al., 2011).

Soil management practices such as no tillage, the
establishment of permanent pastures, the presence
of legumes and silvopasture are highly positive, as

these practices result in increased organic matter
content and improved soil aggregation and soil
structural stability (Angers, 1992; Haynes, 1999;
Atsivor, 2001).

The response of pastures to human disturbance
is variable. Grazing has impacts on the composition
of species and botanical diversity depending on its
intensity (San Martin et al., 2009; Fuentes et al.,
2011). In this regard, there is an inherent capacity
of pasture species to respond to fertility and soil
physical conditions, which is directly reflected in
the botanical composition, number of individuals
and species diversity, with predominance of the
best adapted species over time (Janssens et al.,
1998; White et al., 2000; San Martin et al., 2009).

In pastures of southern Chile, there are plant
species that develop depending on grazing intensity,
fertility (linked to the sulfur and phosphorus
deficiency in Andisols), and soil physical conditions
(Ramirez et al., 1992; Mora et al., 2002). Ramirez et
al. (1992) and San Martin et al. (2009) determined
the behavior of certain plant species as ecological
indicators of physical factors in the soil, such as light,
temperature and humidity, concluding that humidity
is the most important factor in the differentiation
of dominant species.

The aim of this study is to evaluate both the
structural condition of the soil under different
physiographic units and its relationship with the
conditions of pastures found in the Simpson River
Valley.

Materials and Methods
Site characterization

The study sites are located in the Simpson River
Valley, Commune of Coyhaique, Aysén Region,
Western Patagonia, Chile (45° 43’ S., 72° 07" N,
288 m.a.s.l.) (Figure 1). It is a valley of rolling
hills and alluvial terraces. The predominant soils
are Andisols, Pollux series (loamy, medial, mesic
Typic Hapludands) (Luzio et al., 2009) (Table 1).

Sampling

Undisturbed samples were extracted by
introducing tubes of 110 mm and 25 cm long. Particle
size and texture class analyses were performed by
using the Bouyucos Hydrometer Method. Sampling
was conducted in spring 2009.
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Figure 1. Location of the study area in the region of Aysén, Chile (45° 43’ S, 72° 07’ N).

Determination of aggregate distribution

The distribution of soil aggregates was determined
by wet sieving on dry soil (100 g) (Kemper and
Rosenau, 1986), with a frequency of 25 oscillations per
minute for 10 minutes. The set of sieves had openings
of: 2mm; 2-1 mm; 1-0.5 mm; 0.5-0.25 mm; 0.25-
0.1 mm; 0.1- 0.05 mm and released material <0.05
mm, the residue (disintegrated material). The results
were separated into percentages of: aggregation (¥ 5
mm-0.053 mm), content of macroaggregates (¥>0.25
mm) and content of microaggregates (¥<0.25 mm)
with respect to the treated dry soil (100 g) by setting
the% as indicator. Organic carbon (OC) in the soil
and aggregates were determined by the values of
organic matter estimated by a modified Walkley-
Black wet digestion method adapted for Chilean
soils divided by 1.724.

Aggregate stability

Aggregate stability was determined using the
mean weight diameter (MWD): The mean weight
diameter of aggregates is an indicator of structural

stability, corresponding to the following formula:

[1] MWD = ¥ xi*wi

[1] Where xi is the mean diameter of the aggregates
and wi is the dry mass of soil retained on each
aggregate size class of (Kemper and Rosenau, 1986).

Material not retained by the sieves

The loss index was calculated, IP g kg~! which
corresponds to the not retained fraction (disintegrated)
and defined as the difference between the total mass
of dry soil adjusted for the wet sieving method:

[2]11P = (M —(MAy,, +MI, ) g kg

total dry
[2] IP = Ioss index g kg-1; M, dry = total dry soil
mass 105 °C weight g; MA ;= retained material
210 0.25 mm, dry 105 ° C weight; MI ary = retained
material <0.25 to 0.053 mm, dry 105 °C weight g.

Determination of porosity and penetration
resistance

Bulk density Bd (g cm™), true density Td
(g cm™), total porosity (Pt %), macropores and
micropores were determined. Measurements of
soil penetration resistance were made using a Field
Scout digital cone penetrometer, model SC-900 SC
in situ between 0-20 cm of depth.
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Pt (%) = [1 -Bd (g cm™) / (g cm™)]
Macropores (%) = Pt — [ % Fc * Bd (g cm™)]
Micropores (%) = Pt — % Macropores

% Fc: % Field capacity

Bd: bulk density

Treatments

Five treatments and (T) and three sub-treatments
were performed at depths (D) of 0-5, 5-10, 10-20 cm.
All treatments are sites under grazing of livestock.

Treatment 1: Terrace in degraded pasture
(TPD): Natural pasture in terrace in poor productive
condition. Predominance of: Hypochoeris radicata,
Plantago sp., Acaena sp., Luzula sp., Cerastium
sp., Agrostis sp. and Poa pratense.

Treatment 2: Terrace in well-kept planted
pasture (TPBE): artificial pasture in terrace planted
with grass and legume species of good forage
quality, with prevalence of: Dactylis glomerata,
Lolium perenne, Anthoxanthum odoratum, Festuca
arudinacea, Trifolium pratense, Trifolium repens,
Hypochoeris radicata and Taraxacum officinale.

Treatment 3: Silvopasture (SP): Natural pasture,
with prevalence of: Trifolium pratense, Trifolium
repens, Dactylis glomerata, Hypochoeris radicata.
There are Nothofagus pumilio “Lenga” forests
scattered and in low density. The Nothofagus forests
are young and in successional stages. Nothofagus
pumilio “Lenga” is a deciduous tree.

Treatment 4: Degraded natural pasture on hills
(LPD): Hillside of natural pasture, with species of
low forage quality. Incipient mantle erosion can be
observed. Prevalence of: Acaena sp., Trifolium sp.,
Hypochoeris radicata.

Treatment 5: Well-kept planted pasture on
hills (LPBE): Artificial planted pasture in good
productive condition, located on the north slope
exposure. Prevalence of: Hypochoeris radicata,
Trifolium sp., Trifolium pratense, Trifolium repens,
Dactylis glomerata and Holcus lanatus.

Experimental Design

The General Linear Model (GLM) in SAS ©
software was used to conduct the data analysis. The
experimental design was a randomized complete
in a split plot arrangement with sampling. Tests
of normality and homogeneity of variances were
carried out. The formula (X+0.5)%° was used in
case of not normal distribution and correlations

were analyzed. Differences were compared by
Tukey test (p<0.05).

Results and Discusion
Aggregation

The percentage of aggregation was high in
all treatments (77.8 £ 9.7%). SP had the highest
percentage value (85.4 + 11.1%), followed by
treatments sited on hills (LPBE 79.5 £ 8.4% y LPD
75.2 £ 6.8%) and treatments in terrace (TPBE 74.8
+ 11.3% and TPD 74 + 11.3%).

The percentage of aggregation obtained in SP
is similar to the values reported in Andisols under
mature forest and secondary deciduous forests
(86.68 £0.24% y 90.68 + 0.2%, respectively), which
stands out the high influence of tree formations on
soil aggregation. Similarly, all of the treatments
presented percentages of aggregation > 74%, which
is higher than the values obtained in other pastures
(artificial and naturalized) in Andisols, with 49.8
and 58.6%, respectively (Alvear et al., 2007a;
Villablanca et. al., 2009).

Macroaggregates and microaggregates

Significant differences were found in the content
of macroaggregates between the treatments and the
interaction T x D (p < 0.05). However, no significant
differences were observed between depths (p > 0.05).
The T x D interaction (p < 0.05) can be attributed
to the depth of intervention of tillage equipment at
0-20 cm (Table 2).

There were significant differences in the content
of microaggregates between the treatments (p <
0.05), but no significant differences (p > 0.05)
were found between depths or interaction between
T x D.

In general, the results indicated in Table 2 show
a predominant presence of macroaggregates (¥, > 0.25
mm) in all treatments, with a mean value of 65.8
+12 %. Microaggregates ((2<0.25 mm) presented
a mean value of 12 + 4.8%. Proportions remained
similar in all the depth ranges included in this study.

The SP treatment showed the highest content
of macroaggregates (78.7 = 11.2%). This result
can be explained by the favorable environment of
silvopastoral systems to increase biomass in surface
soil profiles and by the presence of exudates that
promote aggregation (Curaqueo et al., 2010).
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Similarly, the high level of macroaggregates in
LPBE (66.9 + 10.7 %) is related to the establishment
of the artificial pasture, formation of a dense root
system and specific characteristics of the site. The
content of macroaggregates in the other treatments
followed the sequence: TPBE>TPD>LPD (62 +9.8,
62 + 10.8 y 58 + 7.9%), respectively.

The content of microaggregates was related to
the sequence LPD>TPBE>LPBE>TPD>SP, where
LPD showed the highest values (16.2 +4.5%). These
results are explained by disturbing events, certain
conditions of the site such as overgrazing, climate,
radiation exposure (north hillside), and humidity
fluctuations such as summer drought, as evidenced
by the presence of plant species characterized by
a deep rooting.

Mean Weight Diameter (MWD)

Mean weight diameter MWD is an indicator
of aggregate stability. Statistical analysis shows
significant differences in the values of MWD and
interaction between treatments T x D (p < 0.05).
No significant differences were observed in depths
(Table 2). The significant interaction T x D in MWD
can be explained by the anthropogenic interventions
derived from the use of tillage equipment in these
sites (0-20 cm depth).

The MWD level analysis between treatments
was conduced according to the reference of Le
Bissonnais (1996). It was established that SP
treatment presented more stable aggregates (1.3-2
mm level), followed by the treatments of terrace in
artificial pasture and on hills (TPBE and LPBE),
which reached an intermediate level (0.8 -1.3 mm)
of aggregate stability. Natural degraded pastures
(TPD and LPD) presented unstable aggregates
(0.4 -0.8 mm level). The highest values of MWD
were observed at depths of 5-10>0-5>10-20 cm,
which is classified as an intermediate level of
aggregate stability, between unstable and stable
(0.8-1.3 mm).

The behavior of SP is related to the fungus-
plant root associations of Nothofagus forests, whose
exuded substances and biological activity stabilize
soil aggregates that show these higher values when
analyzed (Alvear et al. 2007b; Borie et al., 2008).
In this regard, Alvear et al. (2007a) found a high
correlation (r > 0.9) between parameters of soil
biological activity and aggregate stability in soils
of deciduous forests of the genus Nothofagus.

The treatments in artificial pastures LPBE and
TPBE showed lower values of aggregate stability
(0.84 + 0.22 and 1.01 £ 0.36, respectively) than
SP (1.64 £ 0.43), but higher values than treatments
of natural degraded pastures TPD and LPD (0.68
+ 0.13 and 0.68 + 0.15, respectively). There is a
relationship between artificial pasture and high
aggregate stability values, which can explained by
pasture vigor, increase of biomass and formation of
a dense root system that stimulate exudates which
promote soil aggregation. The influence of legumes
in the composition of the pasture can also account
for this finding (Angers, 1992; Sandoval et al.,
2011).

These results are consistent with those reported
by Haynes et al. (1991) regarding the influence of
crop rotation-pasture in aggregate stability and the
relationship between the presence of pastures and
increased aggregate stability. At the same time, the
values of MWD allow establishing a relationship
between the status of ‘degraded pasture’ (LPD and
TPD) and a lower aggregate stability.

Index Loss of dry soil (IP)

IP corresponds to the material that is not
retained by the sieves expressed as g kg~!, when
the wet sieving method is applied (disintegrated
material). Results indicate that the treatments
TPBE and LPD recorded the highest values in
disintegrated material (252.39 + 113.24 gkg™! and
248.37 + 67.80 g kg!, respectively), followed by
TPD with 243.79 + 123.80 g kg~! and LPBE with
205.03 + 83.98 g kg~!. SP recorded the lowest
value (146.05 + 109.9 g kg™!). No significant
differences were found between treatments (T)
(p > 0.05) (Table 2 y 3).

Significant differences were found in depths
(D) (p £0.05). The highest values were obtained at
depths of 0-5 cm with 263 = 122 g kg™!, 5-10 cm
with 231 £ 97 g kg~! and 10-20 cm with 164 + 76
g kg~!. This variation in depth might not be related
to aggregation, but to aggregate stability and pore
space variation that occurs in a disturbing event,
particularly related to the power at which the water
enters the pore space when applying the wet sieving
method. An increase of IP g kg~! was observed
when the % Pt (r = 0.648, p <0.01) increased. The
% macropores (r = 0.544, p < 0.05) also increased
and a reverse effect to the increase in Bd g cm™
(r=-0.528; p < 0.05) was observed.
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Table 2. Sources of variation, degrees of freedom, mean squares and significance in Macroaggregates (%), Microaggregates
(%), MWD mm, IP Loss Index (g kg!), Bd bulk density (g cm=), Td true density (g cm™) and interactions.

Source Macroaggregates Microaggregates MWD  Loss Index Bd Td
of variation (¥>0.25 mm) (¥> 0.25 mm) (mm) IP(gkg™) (gem3)  (gem™)
Treatment (T) 4 0.107* 0.020615%* 2.8604* 0.03648 ns 0.018 ns  0.39 ns
Error (a) 10 0.018 0.003 0.051 0.033 0.024 0.309
Depth (D) 2 0.011 ns 0.002 ns 0.058 ns 0.077* 0.139* 0.02 ns
TxD 8 0.043* 0.002 ns 0.596* 0.011* 0.003 ns 0.428 ns
Error (b) 65 0.005 0.001 0.025 0.005 0.005 0.348
C.of V. (%) 9.6 28.6 16.1 31.65 8.9 22.75

*Significant p < 0.05; ns: not significant.

Table 3. Microaggregates (X <0.25 mm %), macroaggregates (¥ > 0.25 mm %), mean weight diameter (MWD mm) and
loss index (IP g kg™!). Different capital letters indicate differences between treatments. Different lowercase letters indicate

differences between depths (p < 0.05) by Tukey’s multiple comparison test.

Treatments  Depth Microagaregates - Macroaggregates  yyyp gy Ertveh
0-5 12.3+3.3 ab 599+164 b 0.61+0.15d 361.08 = 117 a
5-10 11.5+2.4 ab 60.5+8.8 ¢ 0.66+0.08 cd 22948 + 82.56
TPD 10-20 11.1+1.9 ab 66.8+45 b 0.76 £0.09 ¢ 140.8 + 4436 b
0-20 11.6+2.5 62.4+10.8 0.68 £0.13 243.79 = 123.8
0-5 11.2+3.6 ab 59+11.1 b 0.89+0.27 b 320.85 = 113 ab
TPRE 5-10 13.5+2.6 ab 62.3+5.1 bc 0.87+0.17 b 246.31 = 113 ab
10-20 13.2+5 ab 64.9+12.6 bc 0.77+0.22 ¢ 190 +£ 86.92 b
0-20 126 3.7 62.1+9.8 0.84 +£0.22 25239 + 113
0-5 8+46D0 65.5+9.2 ab 1.1+£0.3 ab 147.26 = 12748 b
Sp 5-10 63240 87217 a 1.97+0.13 a 163.99 + 113.02 b
10-20 61 b 83.4+37 a 1.84+0.07 a 12691 = 105.89 b
0-20 6.8+2.7 78.7+11.2 1.64+0.43 146.05 = 109.9
0-5 14.1+25 a 575+39 b 0.64 +£0.06 cd 270.04 = 62.96 a
5-10 16.6 4.2 a 55+7.1 ¢ 0.64+0.13 cd 281.32 + 53.51 a
LPD 10-20 179+6 a 64.5+9.7 bc 0.75+0.21 ¢ 193.77 + 5797 b
0-20 16.2+4.5 58+79 0.68 £0.15 248.37 = 67.8
0-5 10.2+4 ab 76.1+44 a 144 0.08 a 2157 + 74 b
LPBE 5-10 12.4+4.2 ab 699+77 b 0.95+0.14 ab 231.96 + 104.46 ab
10-20 15.2+4.8 ab 547+44 ¢ 0.63+0.1 d 167.42 + 69.89 b
0-20 12.6+4.3 66.9+10.7 1.01 +0.36 205.03 + 83.98

Treatments: TPD = Terrace in degraded pasture, TPBE = Terrace in well-kept planted pasture, SP = Silvopasture, LPD = degraded
pasture on a hill site, LPBE = well-kept planted pasture on a hill site.
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In turn, aggregate stability, measured as MWD
mm, was negatively correlated with IP (r=-0.723;
R?=0.5677; p < 0.05). This allows concluding
that the lower the aggregate stability is the higher
the IP. The regression parameters that define the
logarithmic expression of the relationship are
indicated graphically in Figure 2. This relates to
a particular behavior of volcanic soils in contrast
with other types of soils regarding susceptibility
to disaggregation and risk of erosion due to the
physical effect of water (Mora ef al., 2003). Thus,
MWD is a suitable indicator to measure the level
of aggregation in relation to the incident energy of
water by the wet sieving method. Further research
on the behavior of the curve in relation to MWD
mm and IP g kg~! is required.

Regarding other parameters of aggregation and
OC %, it was determined that there is a positive
correlation between IP g kg~! and the OC % of
aggregates (r = 0.246, p < 0.05) and the OC %
of microaggregates (r = 0.477, p < 0.01). With
respect to this relationship, it is concluded that in

the sites with the highest IP g kg~!, the% of OC in
microaggregates increases in a linear relationship.
There were no significant correlations between
the % of macroaggregates or microaggregates and
the IP g kg'.

These results allow us to infer a relationship
between degraded systems (TPD and LPD degraded
pastures), a higher value of IP g kg~!, increased
microaggregation and a higher % of OC in
microaggregates. This would confirm findings
reported by several authors regarding the physical
resistance and stability of microaggregates against
disruptive processes and reservoir of OC (Oades,
1984; Jastrow et al., 1998; Denef et al., 2004).

Conclusions

The structural condition of the soil with respect to
porosity, degree of compaction and bulk density are
not strongly associated with the current conditions of
the pastures of the Simpson River valley. However,
despite of the high aggregation level observed in
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Figure 2. Relationship between Loss Index IP g kg~! and Mean Weight Diameter MWD mm. Mean values of treatments and depth
of 0-20 cm n = 90. Treatments: TPD = Terrace in degraded pasture, TPBE = Terrace Planted in well-kept pasture, SP = Silvopasture,
LPD = degraded pasture on a hill site, well-kept LPBE = Planted pasture on a hill site and tendency expressed an logarithmic model.
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all treatments, there is a relationship between the
condition of the pasture, the level of aggregation
and aggregate stability. In addition, silvopastures
are found in better conditions, followed by artificial
pastures.

Similarly, there is a relationship between the
degraded pastures and a reduced macroaggregation
and low aggregate stability.

The wet sieving method determined an inverse
relationship between the disintegrated material and
aggregate stability called loss index (g kg™"). Similarly,
loss index is higher as the soil presents higher levels

of microaggregation. This relates to the condition of
‘degradation’ of the pastures under study.

It is concluded that silvopastoral systems
prevent degradation processes, as silvopasture
presented lower levels of loss index, higher levels
of aggregation and aggregate stability.
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