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ABSTRACT

The main objective of this paper is to promote the use of organic acids applied in enriched
organic amendments and inoculated seeds for agricultural improve volcanic Ecuadorian soils.
The physical, chemical and biological properties of soils derived from volcanic ash are strongly
influenced by the degree of weathering of the pyroclastic materials, the Ecuadorian andisols are
soils derived from volcanic ash materials, which unique characteristic is the presence of
amorphous and easily weathered silicate minerals. The presence of the indigenous
microorganisms in the soil such as Pseudomonas spp., Rhizobium spp., Burkholderia spp.,
Achromobacter spp., Agrobacterium spp., Aereobacter spp., Flavobacterium spp., Yarowia spp.,
Streptosporangium spp. and Erwinia spp. plays an important role on the rate not only of carbon
and nitrogen stabilization but also of mineral stabilization, since they have the capacity to
produce low molecular weight organic acids; which end up forming stable humified materials in
andisols.

Keywords: Amorphous Materials, Weathering, Mineral Stabilization, Carbon Stabilization,
Nitrogen Stabilization

INTRODUCTION
Low molecular weight organic acids

agriculture proposes LMWOAs play important
roles in the soil-forming process and the

(LMWOAS) are distributed widely in nature,
they are mainly derived from the
decomposition of organic matter and secretion
of plant roots and microbes (Wang et al.,
2012), these are vital intermediate products
during metabolic pathways of organic matter
and participate in the tricarboxylic acid cycle
during life activities, and are prevalent on the
earth’s surface (Xiao et al., 2014), for

cycling of nutrients, especially nitrogen (N),
phosphorous (P) and sulphur (S) (Li et al.,
2012), moreover the potential influences of
LMWOASs on the dissolution of soil minerals,
and the stabilization of organic compounds by
complexation with minerals or weathering
products are well characterized (Heckman et
al., 2013).
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The most common LMWOAs identified in
soils are oxalic, succinic, tartaric, fumaric,
malic, citric, sinapic, caffeic, syringic,
salicylic, gallic,  p-coumaric,  gentisic,
protocatechuic, vanillic, p-hydroxybenzoic,
and ferulic (Kaurichev et al., 1963),
specifically organic acids, such as malate,
citrate and oxalate, have been proposed to be
involved in many processes operating in the
rhizosphere, including nutrient acquisition and
metal detoxification, alleviation of anaerobic
stress in roots, mineral weathering and
pathogen attraction (Jones, 1998) .

The LMWOAs in the root system has
been explained by the fact that these
compounds can influence on the solubility of
essential and nonessential elements directly
through acidification, chelation, precipitation,
and oxidation-reduction processes in the
rhizosphere, and so indirectly on the soil
physical properties and the dynamics of root
growth by the effects on microbial activity
(Baetz et al.,, 2014; Gonzalez et al., 2008),
these compounds have recently come to
attention because conventional approaches to
sustainable agriculture largely rely on
increasing efficient use of external nutrient
sources, and research has shown that even in
the presence of sufficient macronutrients, crop
production and soil fertility may be deficient,
emphasizing the need to understand broader
ecological dynamics in soil to ecologically
intensify agriculture (Wood et al., 2018).

In another hand, it's known that about
600 volcanoes have had known eruptions
recording, while about 50-70 volcanoes are
active (erupting), and about 20 volcanoes can
erupting in any time (Pfeiffer, 2014), these
eruptions have formed approximately 124
million hectares (0.84% of the earth's land
surface) of volcanic ash soils cover (Tsai et al.,
2010), a significant part of this surface is on
Central and South America (Espinosa, 2004) ,
and most of this soils have been classified as
Andisols (Delmelle et al., 2015). This soils
developed from volcanic ash deposits vary
extremely in physical and chemical soil
properties and are known to degrade easily
through erosion or soil compaction, which
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limits intensive utilization (Bachmann et al.,
2020).

The Andisols represent the 30% of the
Ecuadorian soils, which are located mainly in
the highland area mainly and used to crop
barley, oat, wheat, corn, quinoa, amaranto, and
Andean tubers such as potato, mashua,
melloco, ocas, among others. There are many
studies about Ecuadorian soils; however, the
mineralogy and the physical and chemical
properties of Ecuadorian Andisols still need to
be investigated, the lithological,
geomorphologic and bioclimatic
characteristics of Ecuador, and the time and
space variation are able to condition the
development of formation factors for Andisols,
so that the pedogenetic processes are the result
of the combination of these factors and
determine the geographic distribution of the
different type of soils in the landscape
(Villegas et al., 2007), and the andolization
process (Espinosa et al., 2018).

Although the effects of organic acids
are diverse, there is strong evidence that
organic acids accelerate the dissolution of
some minerals (Lawrence et al., 2014), the
great interest on the role of organic acids in
mineral dissolution has continued to grow,
especially with the increased popularity of a
surface-reaction-controlled model for
dissolution kinetics. Also, the research on
organic acids and weathering has been
stimulated by the question of the effect of
plants and mineral weathering on the global
carbon cycle (Drever et al., 1994), so that, the
main objective of this paper is to promote the
use of organic acids applied in enriched
organic amendments and inoculated seeds for
agricultural improve volcanic Ecuadorian
soils. The search for scientific papers was
performed between april 2019 and march
2020, at Universidad Auténoma Chapingo
Mexico,  considering  publications  on
agroforestry systems with a horticultural
component, using SCOPUS, Web of Science
and SciELO databases.

Ecuadorian volcanic ash soils: Volcanic ash
is chemically/mineralogically distinct from
most other soil parent materials (Grunwald,
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2015), soils formed from volcanic ejecta have
many distinctive physical, chemical, and
mineralogical properties that are rarely found
in soils derived from other parent materials.
These distinctive properties are largely
attributable to the presence of noncrystalline
materials  (e.g., allophane,  imogolite,
ferrinydrite  and  complex  humus-Al)
containing variable surface charge colloids,
and the accumulation of organic matter.
Formation of noncrystalline materials is
directly related to the properties of volcanic
ejecta as a parent material, namely the rapid
weathering of glassy particles (Dahlgren et al.,
2004).

Adicionally, the environmental
conditions, notably vegetation and soil
moisture regime together with chemical
composition (Al:Si ratio, base status, pH, etc.)
strongly influence weathering pathways of
volcanic glass (Asio, 2014; Espinosa et al.,
2015). The composition of the colloidal
fraction forms a continuum between pure
aluminum-humus  complexes and pure
allophane/imogolite, depending on the pH and
organic matter characteristics of the
weathering environment. For soil management
purposes, volcanic soils are often divided into
two groups based on the colloidal composition
of the surface horizons: 1) allophanic soils,
which are dominated by allophane and
imogolite, and 2) nonallophanic soils
dominated by aluminum-humus complexes
and 2:1 layer silicates (Dahlgren et al., 2004).

Allophane, imogolite and humus
complexes are generally transformed under
leaching conditions, in Si-rich environments,
halloysite formation is favored; under more
basic conditions gibbsite is favored. In non-
allophanic ashes, 2:1 clays occur although
their pathways of formation are not well-
defined. Soil moisture regimes influence
transformation  rates.  Crystalline  clay
formation is favored under regimes that
include dry seasons and moist regimes favor
persistence  of  amorphous  complexes
(Espinosa et al., 2015).

Fundamentally, the formation factors
determine the spatial distribution of the
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different types of soils in Ecuador, particularly
the parent materials that originated the soils
(Garcia et al., 2004), however, this distribution
is independent of the natural regions into
which the country is divided. From the point
of view of soil classification, the Ecuadorian
Sierra is divided into three regions:

a) Sierra Norte: correspond to soils that have
recently received contributions of ash and
lapilli, contributing to the formation of soils of
volcanic origin (Cordova et al., 2001), derived
from andesite and basalt classified as
Andisols, are dominated by allophane,
imogolite and humus-Al complexes and are
characterized by being black colored soils,
with medium texture, low average fertility and
slightly acidic, located on the internal and
external flanks of the mountain ranges and the
interior nodes, while the valleys, pits and
Basins are formed by colluvial alluvial
materials of different granulometry and of
medium and low fertility (Moreno et al.,
2016), in their formation and development, the
formative factors such as parental material and
climate, and the formation processes,
transformations and losses are of paramount
importance, because they are what regulate the
specific process of andolization (Espinosa et
al., 2015). These soils are characterized by
possessing amorphous type minerals with X-
ray diffraction such as allophane, ferrihydrite
and imogolite (Gardi et al., 2014; Neculman et
al., 2013), and have a high capacity to fix
phosphorus (P), for this reason, this nutrient
must be applied in each crop cycle, which
makes production more expensive (Gomez,
2013).

b) Sierra Central: are soils that have not
received recent contributions of volcanic
materials and that have developed from
metamorphic rocks that have been transformed
into a variety of soils depending on altitude; In
the highest altitude sectors, Ultisols can be
found; in the middle sections, Molisols and
Vertisols; and in the lower part, poorly
developed soils such as Inceptisols and
Entisols.

c) Sierra Sur: are very irregular surface soils
formed on granite deposits and metamorphic
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formations along with colluvial deposits.
Finally, the central Sierra and towards the
south of the country have evolved a diversity
of non-volcanic soils, generally clayey,
randomly distributed dominated by ferrous
complexes and 2: 1 type clays such as
montmorillonite and vermiculite. The fertility
of these soils varies with the dominant clay
type (Moreno et al., 2016).

Soils derived from volcanic ashes
have peculiar properties resulting, in fact, from
their high SOM content and the presence of
amorphous clays material (allophane and
imogolite) (Broquen et al., 2004), the large
amount of stabilized SOM observed on soils
derived from volcanic ash apparently resides
in the formation of Al-humus complexes and
the adsorption of humic substances to the
allophane and imogolite (Matus et al., 2014).
Organic acids of low molecular weight:
Organic acids of low molecular (LMWOAS)
weight compounds are released into the
ground by any type of organisms (Lépez et al.,
2012), and are characterized by the possession
of one or more carboxyl groups (Fox et al.,
1990; Xiao et al., 2014), these compounds are
intermediate  products during metabolic
pathways of organic matter (Table 1),
participate in the tricarboxylic acid cycle
during life activities, and provide food and
energy to the microorganisms (Gonzélez et al.,
2008), and a range of LMWOASs are produced
in soils from the decomposition of organic
matter, root exudates, and microbial
metabolites (Bolan et al., 1994), it is know that
up to 40% of the photosynthetically fixed C
can be released by plants as root exudates
(Baetz et al., 2014), and that plant roots exude
an enormous range of compounds composed
mainly of LMWOAs (Gonzélez et al., 2008).

The LMWOASs such as oxalic,
citric, butiric, malonic, lactic, succinic, malic,
gluconic, acetic, gliconic, fumaric, adipic,
indolacetic y 2-cetogluconic, can be produced
by the rhizobacterias is one of the most widely
known mechanisms of soil phosphate
solubilization, a process that makes
phosphorus available for plant nutrition. Also,
among the organisms with the capacity to
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produce organic acids that are nutrients soluble
bacteria are  Pseudomonas, Rhizobium,
Burkholderia, Achromobacter, Agrobacterium,
Aereobacter, Flavobacterium, Yarowia,
Streptosporangium and Erwinia (Beltran,
2014; Van Hees et al., 2000; Paredes et al.,
2010).

The LMWOAs are broken down slowly
by microorganisms producing an accumulation
in the soil. So consequently, these compounds
exist in dynamic balance; rapidly produced
and consumed by microorganisms.
Concentrations of organic acids are generally
highest in the organic layer at the top of the
soil profile and decrease with depth (Drever et
al., 1994), moreover, the concentration of
organic acids in the soil solution is regularly
low, it varies between 1 to 50 pM and they
have one or more carboxylic groups.
Depending on the properties of dissociation
and the number of carboxylic groups, the
organic acids have a negative charge, for this
reason they can form complex metallic cations
and displace the anions from the soil solution
(Fox et al., 1990; Sagoe et al., 1997),
additionally, moreover the release of organic
acids from roots can operate by multiple
mechanisms (Jones, 1998).

Mineral andisols weathering: The andisols

are dominated by short-range-order
compounds (e.g. allophane, imogolite),
including organo-metallic complexes,

ferrihydrite, and aluminosilicates, that are
formed largely in situ (Herrera et al., 2007),
which high buffer capacity due to mineral and
organic colloids resulting from the weathering
of volcanic ash (allophane, imogolite and
complex humus-Al); and have variable surface
charge, so changes in pH modified their ion
exchange capacity (Qafoku et al., 2004),
weathering products such as Al, iron (Fe), and
non-crystalline  aluminosilicates  stabilize
humic substances and render them recalcitrant
to decomposition, i.e.,, humic acids are
accumulated (humification). Aluminum and
Fe-humus complexes are only sparingly
soluble and therefore they accumulate at the
surface, forming dark thick surface horizon
especially under grass vegetation and humid
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climate (histic or melanic epipedons). The
formation of Al, Fe-humus complexes is

Ind. J. Pure App. Biosci. (2020) 8(4), 1-13
organic
called melanization (Grunwald, 2015).

color -

associated with a change in soil color (black

matter),

Table 1: Organic acids in some organism and their biosynthetic routes
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which is

QOrganism producer

Type of organic acid

Biosynthetic routes

Reference

bacteria
Acetobacter aceti, Gluconobacter
oxydans and Pseudomonas

fluorencens
Bacillus liqueniformis and Bacillus
amyloliquefaciens

Pseudomonas fluorescens

Erwinia herbicola and Yarowia
lipolytica

Bacillus liqueniformis and Bacillus
amyloliguefaciens

Pseudomonas putida and
Pseudomonas fluorescens

Bacillus megaterium

Erwinia herbicola, Pseudomonas

cepacia and Burkholderia cepacia

Pseudomonas aeruginosa

Rhizobium leguminosarum ,
Rhizobium meliloti and Bacillus
firmus
Fungus

Talaromyces flavus (S73), T. flavus

acetic

lactic

oxalic

citric

butyric

succinic

malic

gluconic

fumaric

2-Cetogluconico

gluconic acid

Incomplete oxidation of
sugars (fermentation
acetic)

(Glycolysis)
Fermentation

primary lactic

Tricarboxylic acids
Tricarboxylic acids

Anaerobic oxidation of
pyruvate
Glyoxylate and acid
cycle

tricarboxylic

Tricarboxylic acids

Direct oxidation of the
glucose

Tricarboxylic acids

Direct oxidation of the
glucose

(Paredes et
al., 2010)

(Bano et al.,
2003)

(Paredes et
al., 2010)
(Vassileva

et al., 2000)
(Paredes et
al., 2010)

(Liu et al.,
1992)

(Paredes et
al., 2010)
(Paredes et
al., 2010)

(Harrison et
al., 1972)
(Anders
on et al,
1985)

(Scervino et

var flavus (TM), Talaromyces helicus citric and valeric, malic, succinic, al., 2010)
(L7b) y T. helicus (N24), Penicillium fumaric, and lactic
janthinellum (PJ) vy Penicillium acids
purpurogenum (POP)
Actinobacteria
Streptomyces, Kitasatospora and oxalic acid, citric acid and gluconic (Prada,
Streptacidiphilus acid 2013)
Plant citric, malic Ciclo de Krebs (ciclo (Ibarra,
Zea mays Amino acids: del &cido citrico ociclo 2011;
Aspartic and glycine de los acidos Nigametal.,
tricarboxilicos). 2001;
Srivastava et
al., 1999)
Festuca rubra Amino acids: histidine, proline, (Ibarra,
valine, alanine, glycine, aspartic 2011)
acid, arginine, tyrosine, methionine.
Carbohydrates: mannose, galactose,
glucose, glucuronate, xylose and
arabinose, citrico, oxalico, mélico,
mal6nico,  maléico,  fumérico,
tartarico and succinico
Copyright © July-August, 2020; IJPAB 5
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Allophane and imogolite are common early-
stage residual weathering products of volcanic
glass and both have poorly-ordered structures.
Allophane forms inside glass fragments where
silica concentration and pH are high and has a
characteristic spherule shape. Imogolite tends
to form on the exterior of glass fragments
under conditions of lower pH and silica
concentration, and has a characteristic thread-
like morphology. Both allophane and
imogolite may complex with organic matter.
In some instances, where organic matter is
rapidly accumulating, neither allophane or
imogolite form in large amounts. Instead,
opaline silica and aluminum-humus complexes
are formed, which appear to inhibit allophane
and imogolite formation (Grunwald, 2015;
Levard et al., 2012; Parfitt, 2009).

Mechanisms for increasing rates of
weathering involve formation of “surface
complexes” with ions on the surface of the
mineral, and lowering of the pH of the soil
solution. However, neither mechanism is
likely to have a significant effect on the
dissolution rates of primary minerals of
granitic rocks, but may have an effect on more
mafic rock types. There will also be significant
effects in the microenvironments around
rootlets or fungal hyphae, where organic acid
concentrations may be much higher than in
bulk soil solution (Drever et al., 1994).

The addition of organic matter to the
soil can improve the development of soil
microbiology, increase production of root
exudates, and therefore enhance the presence
of LMWOA (Cama et al., 2006), Soil organic
matter (SOM) represents the main edaphic
reserve of carbon (C). It has molecules with
properties and differentiated composition,
which makes to SOM responsible for
fundamental activities in the soil. The
relationship of SOM within and with edaphic
life creates a group of emergent properties that
generate resilience, and promote fertility and
biodiversity in the soil, nowadays, the multi
functionality of SOM in agro-ecosystems has
been recognized and use to improve their
management (Labrador, 2012; Zunino et al.,
1985).
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Organic matter importance: The thick A
horizon of Andisols contains large quantities
of soil organic matter. The principal reason for
the extraordinary accumulation of organic
matter in Andisols has been explained by the
stable combination of soil organic matter with
amorphous materials such as allophone
(Ishizuka et al., 1977), Under the changes in
land management, soil has historically played
the roles of both source and sink of carbon
(Torbert et al., 1997), protection of organic
matter occurs through adsorption of organics
on mineral surfaces, complexation of organics
with metals in solution, the formation of soil
aggregates and/or other processes that limit the
microbes’ access to organic compounds or
increase the energy required to initiate
decomposition ( Six et al., 2002; Sollins et al.,
2007; Sollins et al., 1996).

The organic matter subjected to microbial
decay in soil comes from several sources. Vast
guantities of plant remains and forest litter
decompose above the surface. Subterranean
portions of the pant and the above-ground
tissue that are mechanical incorporated into the
soil body become food of the microorganisms.
Animal tissue and excretory products are also
subjected to attack. In addition the cells of the
microorganisms serve as a source of carbon
and nitrogen for succeeding generations of the
microscopic population (Kdgel-Knabner et al.,
2018), and the organic matter affects the
majority of the soil chemical, physical and
biological properties that are linked with its
quality, sustainability, and productive capacity
(Carter, 2002; Martinez et al., 2008; Sanchez
et al., 2004).

The increase in stability of SOM has
been hypothesized to be gained from the
protection of SOM from mineralizing agents,
thus increasing C mean residence time, up to
millennial time periods. The amount of SOM
stabilized by soil minerals is known to be
influenced by the mineral size, surface
functional groups, specific surface area and
porosity of the minerals involved. However,
there is still a lack of understanding of the
mineralogy and chemistry of organic-mineral
compounds, and the stabilizing mechanisms
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involved in the protection of SOM in-situ (Han
et al., 2016; Jones et al., 2014; Kdgel-Knabner
et al., 2008).

DISCUSSION

Soil properties are a result of interaction
between nature and behavior soil components:
minerals (45%), water (25%), and air (25%),
soil organic matter (5%), microorganisms
(0,01%), organic matter in soil requires
processes of carbon stabilization, which have
been explained by soil aggregation as a
physical mechanism, and by chemical and
biochemical means, where the dominant
presence of carboxylic groups plays a key role
in the formation of complex and recalcitrant
carbon compounds, as well as, in the level of
interaction with mineral colloids (Six et al.,
2002; Larson et al., 1990).

Biological inputs and organic matter
cycling have long been regarded as important
factors in the physical and chemical
development of soils. In particular, the extent
to which LMWOA, such as oxalate, influence
geochemical reactions has been widely studied
(Lawrence et al., 2014), the mineral
weathering is enhanced through several
processes  including ligand  promoted
dissolution; the influence of organic-metal
complexation on dissolution reaction affinity;
and/or the changes in soil pH resulting from
organic acid dissociation and the production of
carbon  dioxide (CO,) through the
decomposition of organic products. Organic
acids affect the mineralogy of soils mostly
through their ability to complex and transport
Fe and Al, resulting in a characteristic profile
development of humid regions. There is
considerable controversy as to whether organic
acids at natural concentrations significantly
accelerate the rate of dissolution of primary
silicate minerals (Drever et al., 1994).

The Al in volcanic ash soils forms
stable bonds with SOM, which enhances with
the increase of humification. The accumulation
mechanism of humus is attributed to the
interaction clay-humus specifically allophane-
humus (Broquen et al., 2004; Cascaredo et al.,
2001), these processes are very important
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during the formation of melanic and fulvic
horizons (Shoji et al., 1990; Shoji et al., 1994;
Takahashi et al., 2002). Moreover, the high
buffer capacity (resistance to pH change) of
Andisols is due to the fact that the clays
resulting from the weathering of volcanic ash
(allophane,  imogolite  and  humus-Al
complexes) have a very reactive surface, and
small changes in pH increase cation exchange
capacity (CIC); for this reason, these soils are
known as variable load soils (Fox, 1985;
Uehara et al., 1985).

One of the most important
characteristics of Andisols is their capacity
of fixing phosphate, so that is nutrient isin a
plant-unavailable form. The highest P fixation
is found in those Andisols that are fine-
textured and have relatively high Al/Si ratios.
The phosphate is apparently bound by the Al
via an anion exchange for hydroxyl that acts as
a chelating agent (Espinosa et al., 2015),
phosphorus (P) immobilize (fix) on the surface
of amorphous minerals. This is perhaps the
main chemical limiting factor of the Andisols,
however, the Andosols' P-fixing capacity
varies with the type of clay present, a
condition that in turn seems to be determined
by the height at which the ash deposits that
formed the soil are found. The mechanisms of
P fixation in allophane and imogolite include
processes such as chemiadsorption, structural
silicon (Si) displacement, and precipitation.
So, the importance of humus-Al complexes in
this process has been recognized (Espinosa,
2008).

In another hand, nitrogen is one of the
most important nutrients in the ecosystems and
often its availability limits net primary
production as well as stabilization of SOM.
The long term storage of N on SOM was
classically attributed to chemical complexity
of plant and microbial residues that retarded
microbial degradation. Recent advances have
revised this framework, with the understanding
that persistent SOM consists largely of
chemically labile, microbial processed organic
compounds (Kdgel-Knabner et al., 2018).

The potential transformation of these
amorphous materials from one form to another
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under varying environmental conditions, and
to other clays has been extensively debated in
the literature. The generally accepted model
would be that “short range order clays”
SROCs are intermediary steps between the
hydrolysis of volcanic glass and feldspars to
more ordered clay mineral like halloysite,
kalolinite, gibbsite and montmorillonite (Neall,
2009).

The clay fraction of volcanic soils is
dominated by the presence of non-crystalline
aluminosilicate-type  minerals in  which
allophane, imogolite, ferrihydrite, and
complexes of humus-aluminum. The study of
the physical, chemical and biological
properties of these soils is essential to search
for sustainable management alternatives that
allow increasing yields (Cascaredo et al.,
2001). So that, root exudates and microbial
communities drive mineral dissolution and the
formation of nano-size minerals in soils, which
are critical for soil C storage (Yu, 2018).

On the other hand, a lot of research
has been done on soil aggregate stability;
elucidating that microorganisms are capable of
generate substances, like organic acids and its
components, to promote soil aggregation and
consequently improving soil structure. The
implementation of soil conservation practices,
such as no tillage, has been developed in order
to control, or at least, minimize the agricultural
soil loss, by increasing SOM and so enhancing
soil structure, improving water availability,
and reducing soil erosion (Mikha et al., 2013).

Major mature Andisols are so highly
weathered that their clay content often reaches
to about one-half of total soil mass. Most of
special properties of Andisols are a
consequence of the characteristics of
amorphous materials, main mineral silicate of
clay fraction in this type of soils is allophane,
with some other minerals such as imogolite
and halloysite, clay mineral fraction of
Ecuadorian Andisol was dominated (>85%) by
amorphous materials with allophane being
predominant and is more stable under rainfall
impact than an Colombian Oxisol and a
Mollisol from USA; which was explained by
greater aggregate stabilization of the Andisol
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due to the strong interaction between
amorphous materials and high stable soil
organic matter (Larson et al., 1990; Espinosa,
1991).
CONCLUSION

For agronomic goals, the application of
organic acids via organic amendments and
inoculated seeds may influence on the
solubility of essential and nonessential
elements (especially nitrogen, phosphorous
and sulphur) directly through acidification,
chelation,  precipitation, and oxidation-
reduction processes in the rhizosphere in
consequently accelerating the weathered and
stabilization process of volcanic soils of
Ecuador. we propose to promote the use of
microorganisms are capable of generating
substances, like organic acids and its
components, to promote soil aggregation and
consequently improving soil structure. The
presence of the indigenous microorganisms in
the soil such as Pseudomonas spp., Rhizobium
spp., Burkholderia spp., Achromobacter spp.,
Agrobacterium  spp., Aereobacter  spp.,
Flavobacterium  spp.,  Yarowia  spp.,
Streptosporangium spp. and Erwinia spp.
plays an important role on the rate not only of
carbon and nitrogen stabilization but also of
mineral stabilization, since they have the
capacity to produce low molecular weight
organic acids; which end up forming stable
humified materials in andisols.

REFERENCES

Anderson, S., Marks, C. B., Lazarus, R.,
Miller, J., Stafford, K., Seymour, J.,
Light, D., Rastetter, W., & Estell, D.
(1985).  Production of 2-keto-L-
gulonate, an intermediate in L-
ascorbate synthesis, by a genetically
modffied erwinia herbicola. Science,
230(4722), 144-149.

Asio, V. (2014). Research productivity in soil
science in the Philippines.
Scientometrics, 100(1), 261-272.

Bachmann, J., Goebel, M.-O., Krueger, J.,
Fleige, H., Woche, S. K., Dorner, J., &
Horn, R. (2020). Aggregate stability of
south Chilean volcanic ash soils-A

8



Céceres et al.
combined XPS, contact angle, and
surface charge analysis. Geoderma,
361, 114022.

Baetz, U., & Martinoia, E. (2014). Root
exudates: the hidden part of plant
defense. Trends in Plant Science,
19(2), 90-98.

Bano, N., & Musarrat, J. (2003). Isolation and
characterization of phorate degrading
soil bacteria of environmental and
agronomic significance. Letters in
Applied Microbiology, 36(6), 349-353.

Beltran  Pineda, M. E. (2014). La
solubilizacion de fosfatos como
estrategia microbiana para promover el
crecimiento vegetal. Corpoica Ciencia
y Tecnologia Agropecuaria, 15(1),
101-113.

Bolan, N. S., Naidu, R., Mahimairaja, S., &
Baskaran, S. (1994). Influence of low-
molecular-weight organic acids on the
solubilization of phosphates. Biology
and Fertility of Soils, 18(4), 311-319.

Broquen, P., Candan, F., Lobartini, J. C., &
Girardin, J. L. (2004). Relaciones entre
el carbono organico y propiedades
edéaficas y del sitio en suelos derivados
de cenizas volcanicas, sudoeste de
Neuquén (Argentina). Ciencia Del
Suelo, 22, 73-82.

Cama, J., & Ganor, J. (2006). The effects of
organic acids on the dissolution of
silicate minerals: A case study of

oxalate  catalysis of  kaolinite
dissolution. Geochimica et
Cosmochimica Acta, 70(9), 2191-
22009.

Carter, M. R. (2002). Soil quality for
sustainable land management.

Agronomy Journal, 94(1), 38-47.
Cascaredo, A. C., Oleschko, K., Huerta, L. C.,
Etchevers, J. D., & Hidalgo, C. (2001).
Estimacién de alofano y su relacion
con otros parametros quimicos en
Andisoles de montafia del volcan Cofre
de Perote. Terra, 19(2), 105-116.
Cordova, J., & Valverde, F. (2001). Potato
Response to Potassium Application in
Volcanic  Soils.  Better  Crops

Copyright © July-August, 2020; IJPAB

Ind. J. Pure App. Biosci. (2020) 8(4), 1-13

ISSN: 2582 — 2845
International, 15(1), 16-18.

Dahlgren, R., Saigusa, M., & Ugolini, F.
(2004). The nature, properties and
management  of  volcanic  soils.
Advances in Agronomy, 82, 113-182.

Delmelle, P., Opfergelt, S., Cornelis, J.-T., &
Ping, C.-L. (2015). Chapter 72 -
Volcanic Soils A2 - Sigurdsson,
Haraldur. In The Encyclopedia of
Volcanoes (Second Edition) (pp. 1253—
1264). Academic Press.
https://doi.org/http://dx.doi.org/10.101
6/B978-0-12-385938-9.00072-9

Drever, J. I., & Vance, G. F. (1994). Role of
soil organic acids in  mineral
weathering processes. In Organic acids
in geological processes (pp. 138-161).
Springer.
https://www.researchgate.net/publicati
on/226491517/download

Espinosa, J. (1991). Los suelos volcénicos del
Ecuador. El Paisaje Volcanico de La
Sierra Ecuatoriana. Geomorfologia,
Fenémenos Volcanicos y Recursos
Asociados, 55-60.

Espinosa, J. (2004). Suelos volcénicos,
dindmica del fosforo y produccién de
papa. Memorias Del XVI Congreso
Latinoamericano de La Ciencia Del
Suelo. SCCS, Cartagena, Colombia.

Espinosa, J, Moreno, J., & Bernal, G. (2018).
The Soils of Ecuador.
https://books.google.com.mx/books?id
=pnQ7DWAAQBAJ&printsec=frontco
ver&dg=soil+ecuador&hl=es-
419&sa=X&ved=0ahUKEwjWrcrcu-
zgAhVCG6WKHQshA7cQ6AEILDAA
#v=onepage&q=soil ecuador&f=false

Espinosa, J, & Sanabria, Y. (2015). Procesos
especificos de formacion en Andisoles,
Alfisoles Y Ultisoles en Colombia.
Revista EIA, 2, 85-97.

Espinosa, José. (2008). Distribucion, uso y
manejo de los suelos de la Region
Andina. In J Espinosa (Ed.), XI
Congreso Ecuatoriano de la Ciencia
del Suelo. Sociedad Ecuatoriana de la
Ciencia del Suelo.

Fox, R. (1985). Soils with variable charge:

9



Céceres et al.
agronomic and fertility aspects. In B.
Theng (Ed.), Soils with variable charge
(pp. 195-224). New Zealand Society of
Soil Science.

Fox, T., & Comerford, N. (1990). Low-
molecular-weight organic acids in
selected forest soils of the southeastern
USA. Soil Science Society of America
Journal, 54(4), 1139-1144.

Garcia-Rodeja, E., Novoa, J. C., Pontevedra,
X., Martinez-Cortizas, A., & Buurman,
P. (2004). Aluminium fractionation of
European volcanic soils by selective
dissolution  techniques. CATENA,
56(1), 155-183.

Gardi, C., Angelini, M., Barcel6, S.,
Comerma, J., Cruz Gaistardo, C.,
Encina Rojas, A., Jones, A,
Krasilnikov, P., Mendonca Santos
Brefin, M. L., Montanarella, L., Muniz
Ugarte, O., Schad, P., Vara Rodriguez,
M. L., & Vargas, R. (2014). Atlas de
suelos de América Latina y el Caribe
(Issues L-2995, p. 176). Comisién
Europea - Oficina de Publicaciones de
la Unién Europea.

Gbémez Sanchez, M. (2013). Absorcion,
extraccion 'y manejo  nutricional
especifico en el cultivo de papa en la
planicie cundiboyacense. Fedepapa;
ingeplant.com/fedepapa.pdf.

Gonzélez, M., & Zapata-Pérez, O. (2008).
Mecanismos de tolerancia a elementos
potencialmente toxicos en plantas.
Boletin de La Sociedad Botanica de
México, 82, 53-61.

Grunwald, S. (2015). Andisols. Soil and Water
Science Department; University of
Florida.
http://soils.ifas.ufl.edu/faculty/grunwal
d/teaching/esoilscience/andisols.shtml

Han, L., Sun, K., Jin, J., & Xing, B. (2016).
Some concepts of soil organic carbon
characteristics and mineral interaction
from a review of literature. Soil
Biology and Biochemistry, 94, 107-
121.
https://doi.org/http://dx.doi.org/10.101
6/j.s0ilbio.2015.11.023

Copyright © July-August, 2020; IJPAB

Ind. J. Pure App. Biosci. (2020) 8(4), 1-13

ISSN: 2582 — 2845

Harrison, M. J., Pacha, R. E., & Morita, R. Y.
(1972). Solubilization of Inorganic
Phosphates by Bacteria Isolated from
Upper Klamath Lake SEDIMENTL.
Limnology and Oceanography, 17(1),
50-57.

Heckman, K., Grandy, A. S., Gao, X,
Keiluweit, M., Wickings, K.,
Carpenter, K., Chorover, J., &
Rasmussen, C. (2013). Sorptive
fractionation of organic matter and
formation of organo-hydroxy-
aluminum complexes during litter
biodegradation in the presence of
gibbsite. Geochimica et Cosmochimica
Acta, 121, 667-683.

Herrera, M. C., Lizcano, A., & Santamarina, J.
C. (2007). Colombian volcanic ash
soils. In T. Tan, K. Phoon, D. Hight, &
S. Leroueil (Eds.), Characterization
and engineering properties of natural
soils (pp. 2385-2409).

Ibarra Rubio, A. (2011). Caracterizacion de
acidos organicos de bajo peso
molecular presentes en exudados
radiculares de zea mays: aplicaciones
para la remediacién de suelos
contaminados por metales pesados.
Universidad Auténoma de Nuevo
Leon.

Ishizuka, Y., & Black, C. A. (1977). Soils
derived from volcanic ash in Japan.

Jones, D. (1998). Organic acids in the
rhizosphere—a critical review. Plant
and Soil, , ., 205(1), 25-44.

Jones, E., & Singh, B. (2014). Organo-mineral
interactions in contrasting soils under
natural  vegetation.  Frontiers in
Environmental Science, 2, 1-15.

Kaurichev, 1., lvanova, T., & Nozdrunova, Y.
M. (1963). Low molecular organic acid
content of water-soluble organic matter
in soils. Soil Sciences and Plant
Analysis, 22, 223-229.

Kogel-Knabner, 1., & Rumpel, C. (2018).
Advances in Molecular Approaches for
Understanding Soil Organic Matter
Composition, Origin, and Turnover: A
Historical Overview. In Advances in

10



Céceres et al.
Agronomy (Vol. 149, pp. 1-48).
Elsevier.

Kogel-Knabner, 1., Guggenberger, G., Kleber,
M., Kandeler, E., Kalbitz, K., Scheu,
S., Eusterhues, K., & Leinweber, P.
(2008). Organo-mineral associations in
temperate soils: Integrating biology,
mineralogy, and organic matter
chemistry. Journal of Plant Nutrition
and Soil Science, 171(1), 61-82.

Labrador, J. (2012). Avances en el
conocimiento de la dinamica de la
materia organica dentro de un contexto
agroecoldgico. Agroecologia, 7(1), 91—
108.

Larson, W. E., & Padilla, W. A. (1990).
Physical properties of a Mollisol, an
Oxisol and an Inceptisol. Soil and
Tillage Research, 16(1), 23-33.

Lawrence, C., Harden, J., & Maher, K. (2014).
Modeling the influence of organic
acids on soil weathering. Geochimica
et Cosmochimica Acta, 139, 487-507.
https://www.sciencedirect.com/science/
article/pii/S0016703714003329

Levard, C., Doelsch, E., Basile-Doelsch, 1.,
Abidin, Z., Miche, H., Masion, A.,
Rose, J., Borschneck, D., & Bottero, J.
Y. (2012). Structure and distribution of
allophanes, imogolite and proto-
imogolite in volcanic soils. Geoderma,
183-184, 100-108.
https://doi.org/http://dx.doi.org/10.101
6/j.geoderma.2012.03.015

Li, X., Chen, X., Liu, X., Zhou, L., & Yang,
X. (2012). Characterization of soil low-
molecular-weight organic acids in the
Karst rocky desertification region of
Guizhou Province, China. Frontiers of
Environmental Science & Engineering,
6(2), 195-203.

Liu, S., Lee, L., Tai, C., Hung, C., Chang, Y.,
Wolfram, J. H., Rogers, R, &
Goldstein, A. H. (1992). Cloning of an
Erwinia herbicola gene necessary for
gluconic acid production and enhanced
mineral phosphate solubilization in
Escherichia coli HB101: nucleotide
sequence and probable involvement in

Copyright © July-August, 2020; IJPAB

Ind. J. Pure App. Biosci. (2020) 8(4), 1-13

ISSN: 2582 — 2845
biosynthesis of the  coenzyme
pyrroloquinoline quinone. Journal of
Bacteriology, 174(18), 5814-5819.

Lopez-Reyes, L., Hernandez-Espinosa, M. A.,
Ruiz-Careaga, J., Carcafio-Montiel, M.
G., de la Rosa, G. M., Portillo-Reyes,
R.,, & Mufioz-Rojas, J. (2012).
Adsorcion de 4&cidos carboxilicos de
origen vegetal y bacteriano en un suelo
agricola.  Terra  Latinoamericana,
30(3), 261-270.

Martinez, E., Fuentes, J. P., & Acevedo, E.
(2008).  Carbono  organico vy
propiedades del suelo. Revista de La
Ciencia Del Suelo y Nutricion Vegetal,
8(1), 68-96.

Matus, F., Rumpel, C., Neculman, R.,
Panichini, M., & Mora, M. L. (2014).
Soil carbon storage and stabilisation in
andic soils: A review. CATENA, 120,
102-110.

Mikha, M. M., Vigil, M. F., & Benjamin, J. G.
(2013). Long-term tillage impacts on
soil aggregation and carbon dynamics
under wheat-fallow in the central Great
Plains. Soil Science Society of America
Journal, 77(2), 594-605.

Moreno, J., Yerovi, F., Herrera, M., Sanchez,
D., & Espinosa, J. (2016). Soils from
the ecuadorian highlands. In José
Espinosa, J. Moreno, & G. Bernal
(Eds.), Sois of Ecuador. Springer.

Neall, V. E. (2009). Volcanic soils. Land Use,
Land Cover and Soil Sciences.
Encyclopedia of Life Support Systems,
EOLSS Publishers, Oxford, 23-45.

Neculman, R., Rumpel, C., Matus, F., Godoy,
R., Steffens, M., & Mora L, M.
(2013). Organic matter stabilization in
two Andisols of contrasting age under
temperate rain forest. Biology and
Fertility of Soils, 49(6), 681-6809.
http://link.springer.com/article/10.1007
%2Fs00374-012-0758-2#page-1

Nigam, R., Srivastava, S., Prakash, S., &
Srivastava, M. M. (2001). Cadmium
mobilisation and plant availability—the
impact of organic acids commonly
exuded from roots. Plant and Soil,

11



Céceres et al.
230(1), 107-113.

Paredes-Mendoza, M., & Espinosa-Victoria,
D. (2010). Acidos  organicos
producidos por rizobacterias que
solubilizan fosfato: una revision critica.
Terra Latinoamericana, 28(1), 61-70.

Parfitt, R. L. (2009). Allophane and imogolite:
role in soil biogeochemical processes.
Clay Minerals, 44(1), 135-155.

Pfeiffer, T. (2014). How many volcanoes are
there in the world?
https://www.volcanodiscovery.com/ho
me.html

Prada, L. D. (2013). Identificacion de &cidos
organicos causantes de la
solubilizacién de f6sforo inorganico
sintetizados por actinomicetos aislados
de suelos en los andes orientales
colombianos. In Facultad de ciencias-
instituto de biotecnologia.
http://www.bdigital.unal.edu.co/10706/
1/luisdanielpradasalcedo.2013.pdf

Qafoku, N. P., Ranst, E. Van, Noble, A., &
Baert, G. (2004). Variable Charge
Soils: Their Mineralogy, Chemistry
and Management. In Advances in
Agronomy: Vol. Volume 84 (pp. 159-
215). Academic Press.
https://doi.org/http://dx.doi.org/10.101
6/S0065-2113(04)84004-5

Sagoe, C. I., Ando, T., Kouno, K., & Nagaoka,
T. (1997). Effects of organic-acid
treatment of phosphate rocks on the
phosphorus availability to Italian
ryegrass. In Plant Nutrition for
Sustainable Food Production and
Environment (pp. 619-624). Springer.

Sanchez, J. E., Harwood, R. R., Willson, T. C.,
Kizilkaya, K., Smeenk, J., Parker, E.,
Paul, E. A., Knezek, B. D. &
Robertson, G. P. (2004). Managing soil
carbon and nitrogen for productivity
and environmental quality. Agronomy
Journal, 96(3), 769-775.

Scervino, J. M., Mesa, M. P, della Monica, .,
Recchi, M., Moreno, N. S., & Godeas,
A. (2010). Soil fungal isolates produce
different organic acid patterns involved
in  phosphate salts solubilization.

Copyright © July-August, 2020; IJPAB

Ind. J. Pure App. Biosci. (2020) 8(4), 1-13

ISSN: 2582 — 2845
Biology and Fertility of Soils, 46(7),
755-763.
https://doi.org/10.1007/s00374-010-
0482-8

Shoji, S., Kurebayashi, T., & Yamada, I.
(1990). Growth and  chemical
composition of Japanese pampas grass
(Miscanthus sinensis) with special
reference to the formation of dark-
colored andisols in northeastern Japan.
Soil Science and Plant Nutrition, 36(1),
105-120.

Shoji, S., Nanzyo, M., & Dahlgren, R. A.
(1994). Volcanic ash soils: genesis,
properties and utilization (Vol. 21).
Elsevier.

Six, J, Conant, R. T., Paul, E. A., & Paustian,
K. (2002). Stabilization mechanisms of
soil organic matter: implications for C-
saturation of soils. Plant and Soil,
241(2), 155-176.

Six, Johan, Feller, C., Denef, K., Ogle, S., Sa,
J. C. D. M., & Albrecht, A. (2002).
Soil organic matter, biota and
aggregation in temperate and tropical
soils-Effects of no-tillage. Agronomie,
22(7-8), 755-775.

Sollins, P., Homann, P., & Caldwell, B. A.
(1996). Stabilization and
destabilization of soil organic matter:
mechanisms and controls. Geoderma,
74(1-2), 65-105.

Sollins, P., Swanston, C., & Kramer, M.
(2007). Stabilization and
destabilization of soil organic matter—
a new focus. Biogeochemistry, 85(1),
1-7.

Srivastava, S., Prakash, S., & Srivastava, M.
M. (1999). Studies on mobilization of
chromium with reference to its plant
availability—Role of organic acids.
Biometals, 12(3), 201-207.

Takahashi, T., & Shoji, S. (2002). Distribution
and classification of volcanic ash soils.

GLOBAL ENVIRONMENTAL
RESEARCH-ENGLISH  EDITION-,
6(2), 83-98.

Torbert, H., Roger, H., Prior, S., Schlesinger,
W., & Runion, B. (1997). Effects of

12



Céceres et al.
elevated atmospheric CO2 in agro-
ecosystems on soil carbon storage.
Global Change Biology, 3(6), 513-
521.

Tsai, C. C., Chen, Z. S., Kao, C. ., Ottner, F.,
Kao, S. J.,, & Zehetner, F. (2010).
Pedogenic development of volcanic ash
soils along a climosequence in northern
Taiwan. Geoderma, 156(1), 48-59.

Uehara, G., & Gillman, G. (1985). The
mineralogy, chemistry, and physics of
tropical soils with variable charge
clays. Soil Science, 139(4), 380.

Van Hees, P. A. W., Lundstréom, U. S., &
Giesler, R. (2000). Low molecular
weight organic acids and their Al-
complexes in  soil  solution—
composition, distribution and seasonal
variation in three podzolized soils.
Geoderma, 94(2-4), 173-200.

Vassileva, M., Azcon, R., Barea, J.-M., &
Vassilev, N. (2000). Rock phosphate
solubilization by free and encapsulated
cells of Yarowia lipolytica. Process
Biochemistry, 35(7), 693-697.

Villegas, D. C., Pereyra, F. X., & Ferrer, J. A.
(2007). Suelos, factores de formacion y
procesos pedogenéticos en el centro
oeste de la provincia de Santa Cruz.
Revista de La Asociacion Geoldgica
Argentina, 62(3), 366-374.

Wang, C., Wang, Z., Lin, L., Tian, B., & Pei,
Y. (2012). Effect of low molecular
weight organic acids on phosphorus

Copyright © July-August, 2020; IJPAB

Ind. J. Pure App. Biosci. (2020) 8(4), 1-13

ISSN: 2582 — 2845
adsorption by ferric-alum  water
treatment  residuals.  Journal  of
Hazardous Materials, 203-204, 145-
150.
https://doi.org/10.1016/j.jhazmat.2011.
11.084

Wood, S. A., & Bradford, M. A. (2018).
Leveraging a New Understanding of
how Belowground Food Webs
Stabilize Soil Organic Matter to
Promote Ecological Intensification of
Agriculture. In Soil Carbon Storage
(pp. 117-136). Elsevier.

Xiao, M., & Wu, F. (2014). A review of
environmental  characteristics  and
effects of low-molecular weight
organic acids in the surface ecosystem.
Journal of Environmental Sciences,
26(5), 935-954.
https://doi.org/http://dx.doi.org/10.101
6/S1001-0742(13)60570-7

Yu, G. (2018). Root Exudates and Microbial
Communities Drive Mineral
Dissolution and the Formation of
Nano-size  Minerals in  Soils:
Implications for Soil Carbon Storage.
In Root Biology (pp. 143-166).
Springer.

Zunino, H., Borie, F., & Tosso, J. (1985).
Materia organica y procesos bioldgicos
en suelos aloféanicos. Suelos Volcéanicos
de Chile. Instituto de Investigaciones
Agropecuarias, Santiago, Chile, 434-
490.

13



