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Introduction

The concept of soil quality

ecological and socio-

economic functions soil degradation problems

non-renewable resource

“The capacity of a soil to function, within ecosystem and land-use boundaries, to

sustain biological productivity, maintain environmental quality, and promote plant,
animal and human health® (Doran et al., 1996).

“ Can the soil D (€ What is the soil
. perform all these response to How to
Stl’Jldles IO: functions specific assess
Soit quahity What are its management soil quality?
practices?
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Introduction

The assessment of soil quality

\| Attributes/
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Physical Flows of + Soil structure  An indirect « Attribute
dimension matter and ., ¢il texture quantifiable monitoring
energy measure of . Compari f
* Soil porosit ' parison o
P y the attribute different soil
« Water holding systems
capacity ‘
+ Infiltration ‘minimum
capacity data set’
Physical Water flow
support regulation

Air movement  Water supply

and exchange  and storage A number of properties that

provide practical assessment of
the soil processes of importance
for a specific function
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Introduction

The role of organic matter in soil quality

. . improves . .
Soil organic matter > Soil Quality

CHEMICAL

Organic carbon Stability of Interactions

concentration

BIOLOGICAL

carbon forms in | with other soil
the ecosystem constituents
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Introduction

The role of organic matter in soil quality

o

. . improves . .
Soil organic matter > Soil Quality '

.'._‘ "
kb
VALY

- Continuum of materials

Soil properties can be
affected by specific pools - Physical & Chemical
of soil organic matter in dynamics

a different manner

Mediterranean soils
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General objective

To study the interactions
between different soil
properties

Provide empirical
knowledge of the soil
—properties that can be
used as quality

indicators

Quantify the importance
of organic matter in the
~s0il hydrophysical
response

Objectives

Specific objectives ‘

Descriptive approach

Statistical analyses

1st ObJectwe

Description of
hydrophysical
parameters

Ildentification
of degradation
problems
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2nd ObJectlve - 0D

Which variables

SOM SOM can be used to
quantity quality explain soil
hydrophysical
. quality?
OrgEmc Composition,
carbon structure, Relation
content stability and between the
transformation different
mechanisms variables?
SOM
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Study area

Madrid

Toledo
Ciudad Real
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Study area

Mild-temperate
Mediterranean Temperate

D Dehesas type Continental
“Vegetation.
“-and-use :
"3 Abandoned - Unreliable
lands ' and torrential
precipitations

Cultivated
soils

Different soil

. forming factors
Granites Acid .
Schists materials Hill areas
Gneisses
Detrital
Arkoses @ZLeinlEhie1Y

rocks

Limestones Chemical

Dolomites QLLin=Ile1s"
Gypsum rocks

Basins
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Materials and Methods

1st Objective

Profile
description

Field ' In situ

experiments  Soil classification

General soil ‘
analysis | Soil functionality

Additional
hydrophysical
parameters

Sampling |

sites
selection

Laboratory
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Materials and Methods

2nd Objective

Total OC + OC physical &

Whole soil concentration chemical fractionation
samples | Chemical
composition™— '3C NMR spectroscopy
: \ of SOM
Soil |
organic
matter ’ ) I
Non destructive __ IR spectroscopy
- - techniques VIS spectroscopy
Humic acid Molecular g {
fraction ~ characterisation .

Ultimate __ Elementary
analysis analysis

Degree of transformation of SOM

| Prevalent humification paths
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Degradative __ ' CuO oxidation
analyses Analytical pyrolysisg
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Materials and Methods

3rd Objective

\ Selection of

Discriminant variables that
- Ana[ysis ’ explain soil
Soil | quality
hydrophysical
properties
Linear
Whn?;l;\?cr(ijjta regression
models | Interactions
B . between the
) . studied variables
SOM defining Multidimensional
parameters SEAlInE

-
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Results and Discussion

Objective 1

Soil classification (FAO, 2006)
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Objective 1 Results and Discussion

Profile

Bulk density
(kg-m3)
Porosity

52 56
(%)
Structural resilience 21 14
(Irs, %)
?Itezuf;t)ural stability 98 98 63 9% 97 99 92 97 84 61
Water holding capacity 9.5
(g:100 g) '
Air availability 67
(%, viv)

12.1

Ks (mm-min-T)

Par. a (mm-min') 7.1 7.0 10.7 7.9
Par. b - 0.22 0.16 0.36
Hydrophobicity

(WDPT, ) 26 45 0.3 48 14 14 00 0.4 0.5

E.
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Objective 1 Results and Discussion

Soil capacity to perform its hydrophysical functions =) Soil functionality

Soil function F1 F2 F3 D1 D2 D3 P1 P2 P3 C1 C2 (3
Physical support S B A S S S
Aeration A PP Bl R
Water supply & N _ L s
storage

Water .transmission N + k% TT T 4 0 Pt law oo e oo
(topsoil)

Water transmission B + + A .t
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Objective 2 Results and Discussion

Soil organic matter characterisation » Quantitative

> Qualitative
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Objective 2 Results and Discussion

Soil organic matter characterisation ===y Qualitative

13C NMR spectroscopy

Alkyl C‘ 25-36%
Alkanes
Fatty acids
Waxes
Cutans...

O-Alkyl C 3 31-47%

Carbohydrates
Tannin-like structures

] Methoxyl / N-Alkyl C = 10-13%
Methoxyl groups in lignins
Ca aminoacids

Carbonyl C 3 6-8%
Carboxyl /amide/ester groups

250 200 150 100 50 0 -50 250 200 150 100 50 0 -50 Aromatic C 3 9-26%
(ppm) (ppm)
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Objective 2 Results and Discussion

Isolated humic acids ======, Spectroscopic techniques

Visible spectroscopy

Diagenetic transformation of the SOM

Dark — High aromaticity and
colour molecular complexity E,=0.66 - 2.07 UA

11 21 06 11 11 08 0.7 08 10 0.7 1.7 0.7

NP J— »
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Objective 2 Results and Discussion

Isolated humic acids ======, Spectroscopic techniques
)
Infrared spectroscopy S =
o 2 o Q
N | &l of
Forest soils - | = Q7

Dehesa soils

Biomolecules
preservation

Direct humification
pathway

o
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Objective 2 Results and Discussion

Isolated humic acids ======, Degradative techniques ==, gg;lg

Thermal degradation = Analytical pyrolysis + GC/MS

Molecular composition of humic acids

Lipids amp 20-48%

|| carbohydrate derivatives 3 4-8%

Cellulose and related macromolecules from plant and
microbial origin

0 Lignins
Ph | 4-23%
. enots » Polysaccharides

. Methoxyphenols = 0.2-16% Proteins

. Aromatics 3 16-43%
High degree of organic matter transformation

"] N-compounds = 8-18%
Plant and microbial origin

»Long-chain alkanenitriles: specific from
humified soil organic matter

£
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Objective 3 Results and Discussion

Statistical analysis

‘ Which variables can be used to explain soil hydrophysical quality?

> Soil physical functionality ==, Classification factor
» Very good/ Good
* Normal
» Deficient/ Very deficient

Discriminant
analysis

» Dimensions of soil functionality ==, Physical functions

» Support
Backward » Aeration
stepwise « Water supply and storage
option » Water transmission

» Variables for the data matrix

I: Macroscopic features of soil profile

lI: Mineralogy, texture and chemical fertility
llI: Soil organic matter fractions

IV: Chemical structure soil organic matter
V: Spectroscopic features of humic acids

VI: Molecular composition of humic acids
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Objective 3 Results and Discussion

Statistical analysis. Discriminant analysis
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Objective 3 Results and Discussion

Statistical analysis. Discriminant function analysis
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Objective 3 Results and Discussion

Statistical analysis. Discriminant function analysis
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Objective 3 Results and Discussion

Statistical analysis. Discriminant function analysis
Water transmission
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Objective 3 Results and Discussion

Statistical analysis

How do these variables correlate with hydrophysical indicators?

Multi- _ .
Linear W dimensional To identify groups of

| correlation f scaling =, 2-Dscatter plot =, variables directly
models analysis correlated to each other

: : Soil
Soil organic :
hydrophysical
HEIT indicators

Support

Aeration

Water supply
Water transmission
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Objective 3

Statistical analysis.

Results and Discussion

Correlation models. MDS
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Results and Discussion
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Conclusions

Objective 1

% Se identifican una serie de parametros que permiten evaluar la respuesta hidrofisica de los
suelos en los ecosistemas mediterraneos: textura, ii) porosidad, iii) estabilidad estructural, iv)
agua util v) volumen de poros ocupado por aire a capacidad de campo, vi) tasa de infiltracion
final y vii) volumen de agua infiltrada por el suelo después de una hora del inicio de la
infiltracion.

% La principal amenaza a la que se enfrentan los suelos en la region estudiada responde al
desequilibrio existente entre la capacidad de almacenamiento de agua y la capacidad de
infiltracion del agua de las precipitaciones, lo que deriva en problemas de aireaciéon y un alto
riesgo de erosion hidrica por escorrentia superficial.

Lorena Recio Vazquez. Doctoral Thesis. Madrid, 2014

SOIL HYDROPHYSICAL QUALITY IN RELATION TO ORGANIC MATTER IN MEDITERRANEAN ECOSYSTEMS OF CENTRAL SPAIN



Conclusions

Objective 2

% En los ecosistemas estudiados, la materia organica del suelo se encuentra fundamentalmente
acumulada en formas de carbono estables .

* Entre los constituyentes de la materia organica, las estructuras alifaticas prevalecen sobre las
aromaticas, apuntado a una estabilizacion efectiva del dominio alifatico en los procesos de
humificacion.

% Por otra parte, los procesos de humificacion directa prevalecen en los suelos bajo bosque y
dehesa, mientras que los suelos cultivados muestran indicios de procesos humificacion indirecta
con una elevada interaccion de la fracciéon mineral.
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Conclusions

Objective 3.

% Las variables macromorfolégicas mas significativas (porcentaje de raices, cobertura rocosa y
pendiente), explican un elevado porcentaje de la variabilidad hidrofisica de los suelos,
especialmente en lo referido a la infiltracion hidrica, por lo que no deben ser obviadas en los
modelos predictivos.

s En todas las funciones hidrofisicas de los suelos evaluadas, la granulometria del suelo y su
composicion y concentracion en carbonato calcico y carbonato activo, representan un segundo
grupo de variables muy relevantes a la hora de identificar posibles problemas de degradacion
en los ecosistemas mediterraneos.

% Respecto al papel de la materia organica, el contenido total de carbono organico es menos
discriminante a la hora de explicar la funcionalidad fisica de los suelos que su composicion
estructural, su complejidad molecular y su grado de asociacion entre las fracciones organicas y
la matriz mineral.

D)

s Sobre esta base, pueden proponerse una serie de indicadores alternativos a la concentraciéon de
carbono organico total para describir la funcionalidad hidrofisica de los suelos en estos
ecosistemas: i) la densidad optica E4 ii) las intensidades de las bandas del espectro IR a 1510
cm-1y 1460 cm-' iii) la concentracion de unidades estructurales derivadas de la lignina tras la
oxidacion de los acidos humicos con CuO y; iv) la proporcion de determinados compuestos de
pirélisis (alquilbencenos, benzonitrilos y alcanonitrilos).
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Cirgamic maer spectrosoopc techndques. Statistical data treatments including simple regression, canondcal comel ation models
Infrared spectrosmpy and multidi me nsional sa@ling suggested two we ll-defined groups of physial properties in the studied solls:
P NMR specires copy (1] those associated with organic matier of predominantly aromatic charader | eg, water | nfiliration descrip-
Mubirhmensonl saling vows |, aned [ 1) sodl physical variables relsied to organic mater with marked ali phatdc character and comparatively

tananial arreagon low degree of humification e, porosity, apgregate stability, availabie water capacity and field air apadry).

Frevm the pracrical viewpeint, the results suppot the jdea thar the detalled strucneral study of the soll orgamc
matter |5 wseful for aooera &y moniboring sofl phyysical stats. The only dete rmination of tofal soll organdc carbon
o 1o/ be com pleme nied vl t qualitanive analyses of the organic matter fractions, atleastarthe s paorescopic
leve | which tolarge extent help & explain te ongin of the varia bil ity in soll physical propertes and can be used
for the e arly & agnosts of possible degradation proceses.
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