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Abstract: Phenolic compounds (PCs) — with special reference to secondary plant metabolites — were characterised
in two Mediterranean olive groves (Olea europaea L.). Representative pedological profiles were dug to identify and
characterise the pedotype. Qualitative and quantitative analyses were carried out on soil core samples gathered at fixed
depths (0-20 cm and 20-40 cm) and olive leaf methanol extracts by high-performance liquid chromatography with ul-
traviolet detection. The total PCs content reflected the soil organic carbon distribution, especially carbon of humic and
fulvic acids, corroborating their crucial role in humification pathways. Among the analysed plant secondary metaboli-
tes, luteolin-4'-O-glucoside and verbascoside were the most abundant in leaves and soils, respectively. Most of the easily
hydrolysed/metabolised phenols were not found in soils. Rutin and verbascoside, despite containing glucose, strongly
persisted in the soil environment, probably due to their allelopathic effect. Oleuropein was not found in soils because it
is highly soluble and mobile in the soil environment. Furthermore, the presence of clay in soil seemed to determine the
accumulation of specific PCs. Our data suggest that PCs persistence in soil seems to be mainly determined by a balance
between physicochemical and biochemical instability and allelopathic stability rather than their abundance in the plant.
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Along with humic substances, phenolic compounds
(PCs) represent the largest constituents and the most
active fractions of soil organic matter (Muscolo et al.
2013). PCs present in vegetation as secondary plant
metabolites are the key source of phenolic matter
in soil (Li et al. 2010). Monomeric (flavonoids and
phenolic acids) and polymeric (lignins and tannins)
phenols are mainly released into the soil through
three main pathways, namely (i) leaching from above-
ground plant material; (/i) exudation from plant
roots, and (iii) litter decomposition (Héttenschwiler
and Vitousek 2000). In addition, phenolic second-
ary metabolites can be directly introduced to soil

by microorganisms (e.g., algae, fungi, lichens, and
mosses) (De Carvalho et al. 2016).

In soil, three main phenolic forms occur, namely
(i) free or dissolved, which move freely in the soil
solution; (ii) sorbed or reversibly bound, sorbed by
clay minerals, or forming chelate complexes with
proteins and/or metals; and (iii) polymerised as
humic substances (Min et al. 2015). The form, rather
than the chemical structure (Schmidt et al. 2011),
determines the degradation rate of phenols in soil.
In particular, dissolved PCs are degraded in soil
by external phenoloxidase or peroxidase enzymes
(Sinsabaugh 2010) produced by microorganisms such
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as fungi (e.g., Basidiomycetes and Ascomycetes) and
bacteria (e.g., Pseudomonas) (Sugiyama and Yazaki
2014), while physically and chemically protected
PCs can persist longer than dissolved forms (Min
et al. 2015). This suggests that PCs in the soil-plant
continuum undergo a continuous cycle of synthesis,
deposition, decomposition, leaching, and chemical
immobilisation (Makoi and Ndakidemi 2007). Soil
phenols are largely influenced by vegetation (Mald
et al. 2013), but their concentration is not directly
related to their content in trees and ground vegetation
(Kanerva et al. 2008). The types and concentrations
of soil phenols depend on the plant species and vari-
ous biotic and abiotic factors, such as the cultivation
system, biotic stresses, environmental conditions,
nutrient availability, and plant development (Cesco
etal. 2012). Studies on the dynamics of phenolic mat-
ter in pedo-agrosystems, with particular reference to
secondary plant metabolites, are of a great interest for
various scientific fields, such as chemistry, ecology,
biology, and pedology; however, current studies are
lacking and frequently have contradictory results and
conclusions (Chomel et al. 2016). Furthermore, few
works focusing on the distribution of phenols along
profiles of well-characterised and classified soils
are available in the literature (Gallet and Pellissier
1997, Northup et al. 1998, Rimmer and Abbott 2011,
Kaiser et al. 2014, Massaccesi et al. 2018). Both soil
heterogeneity and phenolic properties (i.e., form and
reactivity) make the determination of the amount,
degradation, and turnover of secondary plant me-
tabolites in soils difficult (Cesco et al. 2012).

This study aims to (i) evaluate the contents of PCs
in two olive grove soil systems by characterising them
with particular reference to olive leaf secondary me-
tabolites and (ii) to increase our knowledge on their
concentrations as well as persistence, degradation/
turnover, and behavior along the soil-olive system.

MATERIAL AND METHODS
Site location and agricultural aspects

The study was carried out during January 2012 in
two olive groves of Olea europaea L., cv. Sessana lo-
cated in Sessa Aurunca (Caserta province, Campania
region, Italy), which is a historical production area of
high-quality olive oil. The study area is characterised
by a Mediterranean oceanic to suboceanic climate
(Costantini et al. 2004). From 2004 to 2012, average
annual air temperature and mean annual precipitation
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were 15.8 £ 0.1 °Cand 1 009.5 + 13.3 mm, respectively.
November and December are characterised by the
heaviest rainfall, while July and August are the driest
months (Regional Agrometeorological Centre). The
soil moisture and temperature regimes are xeric and
thermic, respectively (Costantini et al. 2004;).

The two olive groves have a flat morphology and
are approximately 100 years old. The Aconursi (ACO)
olive grove (41°17'01.97"N, 7°54'20.51"E; 190 m a.s.l.)
is 0.33 ha with a distance between the plants of
6 x 7 m (242 plants/ha) and is managed with natural
and permanent green cover (mowing is conducted
twice each year and the mowed grasses are left in
place). The Lauro (LAU) olive grove (41°15'55.65"N,
7°52'49.64"E; 60 m a.s.l.) is 0.38 ha with a distance
between the plants of 7 x 8 m (160 plants/ha), her-
baceous covering is nonexistent.

In both olive groves, no deep plowing and irriga-
tion are conducted, trees are pruned every 3 years
and the chipped prunings are removed.

Soil sampling

Soil profiles. One representative pedological pro-
file was dug in the central part of each olive grove
to identify the pedotype. They were described mor-
phologically using standard soil survey methodology
(Schoeneberger et al. 2012) and classified according
to WRB (IUSS Working Group 2015). Selected mor-
phological and physico-chemical features of both
soils are reported in Table 1. Both soils developed
from products of Roccamonfina volcanic activity
(Geological Survey of Italy 1966) and were classified
as Leptic Andosols (Loamic) and Leptic Regosols
(Loamic) (IUSS Working Group WRB 2015), Aconursi
and Lauro olive grove, respectively.

Soil core samples. Soil core samples were gath-
ered before mowing at fixed depths of 0-20 cm as
topsoil and 20-40 cm as subsoil to identify typical
olive phenols and to understand their evolution
and differentiation in soils. Four olive trees were
selected in the central part of each olive grove, and
four soil throughfall samples (four topsoil and four
subsoil samples) were collected for each tree at 70 cm
from the trunk. Thirty-two soil core samples were
collected and analysed for each olive grove.

Soil analysis

Soil analysis was conducted according to Italian
official procedures (MiPAF 2000) and interna-
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RESULTS AND DISCUSSION

Quantitative characterisation of soil phenolic
compounds in core drill samples

Table 2 reports the chemical parameters, including the
soil phenol contents, of the core drill samples (n = 64).
The core soils showed a neutral-slightly alkaline PHy 0
in both investigated stations, and, as well as the pedo-
types, exhibited a significant potential acidity, as high-
lighted by the pH, .
to actual weathering of Al-silicates, particularly volcanic

, values, which was likely attributed

glass, although this was not very abundant. In both soils,
total organic carbon (TOC), HA+FA-C, and HUM-C
clearly decreased from the topsoil to the subsoil. The
ACO topsoil showed the largest content of TOC regard-
less of which form was considered, with the exception
of the non-humic fraction. This higher TOC content
in the topsoil could be attributed to the presence of
a permanent green cover and its root exudates. However,
the spread of mowed grasses in place entails a very slow
decomposition rate of such residues (Ghidey and Alberts
1993), which was reflected in the higher C:N ratio value in
the ACO topsoil. Similar results were obtained by Castro

Table 3. Pearson’s correlation coefficients among investigated properties in the soil core samples of Aconursi

and Lauro olive groves

HA+

PH, o PHyq EC WPCs TPCs HPCs TOC FA-C HUM-C NHC TN C:N Clay
Aconursi olive groves
PHy 6 1
pPHyq 0.38* 1
EC 1
WPCs 1
TPCs -0.58** 0.35* 0.52** 1
HPCs -0.58** 0.35* 0.52** 1.00%** 1
TOC -0.40*  0.40* 0.45* 0.62*** 0.62%** 1
HA+FA-C -0.41* 0.38* 0.42* 0.67*** 0.67*** 0.89*** 1
HUM-C 0.85*** (0.55** 1
NHC 0.43* 0.43* 0.41* 0.45* 1
TN 0.42*  0.37*  0.38* 1
C:N 0.48** 0.51** 0.52** 0.74*** 0.67*** 0.62*** 1
Clay 0.45** —-0.37* —0.42* —0.67***-0.67***~0.96*** —0.93*** —0.73*** —0.45** —-0.39* —-0.73*** 1
Lauro olive groves
PHy 6 1
pH ¢ 052 1
EC 1
WPCs 0.39* 1
TPCs -0.42* 0.42* 1
HPCs -0.43* 0.41* 0.99*** 1
TOC 0.50** 0.84*** (.84*** 1
HA+FA-C 0.44* 0.70*** 0.70*** 0.74*** 1
HUM-C 0.52** 1
NHC -0.36* 0.76*** 0.77*** 0.85*** 0.57** 1
TN -0.37* 0.49** 0.50** 0.41* 1
C:N 0.50** 0.60*** 0.59*** 0.86*** 0.76*** 0.49**  0.65*** 1
Clay 0.38* —0.65***~0.64***~0.86*** —0.60*** —0.35* —0.79***-0.39* —-0.67*** 1

EC - electrical conductivity; WPCs, TPCs and HPCs — water-soluble, total and high-affinity phenolic compounds,
respectively; TOC - total organic carbon; TN — total nitrogen; HA + FA-C — carbon in humic and fulvic acids; HUM-C —
carbon in humin; NHC - not humic carbon. *P < 0.05; **P < 0.01; ***P < 0.001; empty cell for not significant correlation
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et al. (2008) and Parras-Alcéntara and Lozano-Garcia
(2014) in a Mediterranean olive grove under various soil-
management techniques from tillage to organic farming.

The organic carbon content in the LAU soil was signifi-
cantly lower than that detected in the ACO soil. The C:N
ratio was quite low in the LAU subsoil compared with that
in the topsoil and ACO samples. Such a decrease could
be explained by the concurrent increase in clay level,
which was in turn associated with a significant content
of the well-decomposed organic fraction (HA+FA-C),
which represented 29% of TOC (Table 2). Diekow et al.
(2005) also achieved similar results.

In agreement with Rimmer and Abbott (2011) and
Sadej et al. (2016), the concentration of TPCs was great-
er in surface samples than in subsurface samples, with
a distribution almost similar to that of TOC where the
largest TPC values were reached in the ACO topsoil and
subsoil. In both olive groves, TPCs represented 5-6% of
TOC on average. Furthermore, the distribution of WPCs
did not appear to be related to either the TOC content
or pedoclimatic conditions, reaching similar, very low
amounts in the topsoil and subsoil. Consequently, the soil
phenolic fraction with a high affinity for the soil body,
namely HPCs, represented the largest percentage of PCs
in the investigated soils, i.e., 95—97%, with a distribution
similar to that of TPCs.

Several significant linear correlations were found
among the chemical soil parameters, as highlighted by

https://doi.org/10.17221/165/2020-PSE

the Pearson CM in both olive groves (Table 3). In the
ACO olive grove (Table 3), the strongest (P < 0.001)
negative correlations were found among clay and
TOC in humic and fulvic acids (r = =0.96 and r =
—0.95, respectively). Other strong significant relation-
ships existed between TOC and its humic fractions
(HA+FA-C and HUM-C). The CM results confirmed the
direct dependence of the TPC content on the amount
of carbon, as well as the close relationship among TPCs
and humic and fulvic acids, thereby supporting the
polyphenols theory (Flaig 1988), which declares that
phenols play a crucial role in humification pathways
as important precursors in the formation of humic
substances. The correlation coefficients confirmed that
all the investigated chemical parameters affected the
amount of WPCs. As attested by Kanerva et al. (2008),
the concentration of TPCs in soil is positively correlated
with the C:N ratio (r = 0.51; P < 0.01).

The CM outcomes for the LAU soils (Table 3)
highlighted strong significant relationships similar to
those found in the ACO soils. However, in the LAU
soils, the content of TPCs, besides being strongly
regulated by TOC, was also significantly (P < 0.01)
correlated with the total nitrogen content. Our re-
sults agree with those found by Sadej et al. (2016).
Furthermore, in the LAU soils, there was a slight
(P < 0.05) correlation between the WPCs and the clay
content (r = 0.38).

Table 4. The concentration of selected phenolic compounds (mg/g dry matter) in methanol leaf and soil extracts

quantified by high-performance liquid chromatography equipped with an ultraviolet detector (HPLC-UV)

analysis (mean value * standard error)

Olive leaves Aconursi Lauro
Phenolic compound ’

cv. Sessana topsoil subsoil topsoil subsoil
Apigenin-7-0-glucoside 5.22 + 0.07 0.04 + 0.01 0.04 £ 0.01 0.04 £ 0.01 0.04 £ 0.01
Apigenin-7-O-rutinoside 4.41 + 0.08 nd nd nd nd
Catechin 2.76 £ 0.04 0.07 £ 0.02 0.08 £ 0.02 0.04 + 0.01 0.04 £ 0.01
Diosmetin 2.91 £ 0.04 0.05 £ 0.01 0.04 + 0.01 0.05 £ 0.01 0.03 £ 0.01
Diosmetin-7-O-glucoside 7.8+0.1 nd nd nd nd
Luteolin 10.5+ 0.1 nd nd nd nd
Luteolin-3'-O-glucoside 10.4 + 0.1 nd nd nd nd
Luteolin-4'-O-glucoside 12.1 £ 0.2 0.20 £ 0.10 0.30 £ 0.10 0.40 £ 0.10 0.40 £ 0.10
Luteolin-7-O-glucoside 4.10 £ 0.05 nd nd nd nd
Luteolin-7-O-rutinoside 0.55 £ 0.01 nd nd nd nd
Oleuropein 6.0 £ 0.1 nd nd nd nd
Rutin 1.62 + 0.03 0.07 £ 0.202 0.03 + 0.10P 0.70 £ 0.10 0.40 £ 0.10
Verbascoside 1.87 £ 0.03 0.80 £ 0.20 0.80 + 0.20 1.00 £ 0.20 0.70 £ 0.20

In rows: mean values followed by different letters are significantly different at P = 0.05 in the topsoil vs. subsoil com-

parison for each olive grove. nd — not detectable
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Qualitative characterisation of selected phenolic
compounds in leaf and core drill samples

Leaf characterisation. Table 4 reports the concen-
tration of phenols found in cv. Sessana leaf extract.
The secoiridoid oleuropein is reported as the most
abundant PC in olive leaves, reaching 60-90 mg/g
of their dry matter content (Kontogianni and
Gerothanassis 2012). In our leaf extract, oleuro-
pein represented only 8.5%. Such a low oleuropein
content in the leaves was not surprising, as it can
significantly vary among different olive cultivars
(Blasi et al. 2016) and is affected by several other
factors, such as geo-pedo-climatic features, agro-
techniques, and sampling time (Papoti and Tsimidou
2009). All of these factors can considerably influence
the abundance and distribution of phenols in olive
leaves to the extent that flavonoids can represent the
major phenol constituents in olive leaves (Goulas
et al. 2010). Our data highlighted that flavonoids
account for 88.8% of the investigated PCs in leaf
extracts. The flavone luteolin and its 3'-O-glucoside
and 4'-O-glucoside, whose contents were estimated
to equal 10.5, 10.4, and 12.1 mg/g dry matter, respec-
tively, were the most abundant flavonoids.

Core drill characterisation. The concentrations
of selected PCs in the soil extracts are reported in
Table 4. In such extracts, more than half of the iden-
tified leaf PCs were absent. Notably, oleuropein,
which is the most characteristic olive leaf phenol,
was not found in the soils. The differences between
the concentrations in the topsoil and subsoil were not
statistically significant (P > 0.05), with the exception
of rutin in the ACO olive grove. The abundance of the
detected PCs decreased in the order of verbascoside >
luteolin-4'-O-glucoside >> rutin, catechin, diosmetin,
and apigenin-7-O-glucoside in ACO and verbasco-
side > rutin > luteolin-4'-O-glucoside >> diosmetin,
catechin, and apigenin-7-O-glucoside in LAU. The
concentration of rutin in the LAU soil was much
higher than that in the ACO soil, and verbascoside
and rutin tended to accumulate in the LAU topsoil.

The persistence of PCs in soils appears to be de-
pendent on various biotic and abiotic environmental
conditions, such as the presence of microbes, their
susceptibility to photochemical oxidation, and ad-
sorption to soil particles and organic matter, and the
subject is still debated (Weston and Mathesius 2003).
Some works (Sosa et al. 2010 and references therein)
have reported the discontinuous persistence of fla-
vonoids in soil, and according to Barto and Cipollini

(2009), flavonoid glycosides are not detected in bulk
soils. Most flavonoid glycosides are rapidly hydrolysed
by microorganisms and plant exoenzymes in soil,
and their persistence can be less than 72 h (Hassan
and Mathesius 2012). All the above-cited PCs not
found in soil contain easily accessible sugars that can
be hydrolysed/metabolised. However, in contrast to
this observation, luteolin, which was not found in
the soil, has no sugar, whereas the glycosides rutin,
verbascoside, luteolin-4'-O-glucoside, and apigenin-
7-0-glucoside showed persistence in soil.

The persistence of catechin, which is the main
constituent of condensed tannins, is due to its re-
calcitrant nature and resistance to microbial attack
and also because it is toxic to plants, animals, and
microorganisms (Arunachalam et al. 2003). According
to some authors, catechin toxicity justifies its stability
in the soil environment. Contrastingly, other authors
claim that it is unstable (Cesco et al. 2012). Similarly,
the allelophatic effect of rutin (Golisz et al. 2007) and
verbascoside (Senatore et al. 2007) could explain their
persistence. Specifically, their higher stability in the
LAU soils than in the ACO soils could be explained
by the significant clay content in the former (Table 2).
As stated by Dalton (1999), the presence of functional
groups that promote plant toxicity also boosts mo-
lecular sorption on soil clay particles.

In addition, the lack of oleuropein could be explained
by taking into account the fact that this secoiridoid
is classified as a hydrophilic phenol; thus, it is highly
soluble and mobile in the soil environment (Panizzi et
al. 1960). The significantly different phenolic pattern
ascertained between the ACO and LAU core samples
could be ascribed to the presence of a substantial grass
cover in the ACO topsoil. The grass cover could act in
two possibly synergistic ways, namely (i) favoring leaf
decay above the soil surface with concomitant biotic
and abiotic hydrolysis and oxidation of cell lysate and
(if) sustaining the activity of rhizosphere biomass,
which is able to metabolise the PCs. This agrees with
the active humification processes in such soil (Table 2).
Furthermore, in the ACO soils, the coarser texture
could have enhanced the lisciviation process with
removal of some compounds in soil solution.

Asreported in the introduction, there are still few data
on soil phenols concentration, distribution, and behavior
in both space and time, notwithstanding they perform
several roles, such as control in soil organic matter
dynamics and nutrient cycling, directly interfering with
ion transport, and energy metabolism. Specifically,
flavonoids are considered indicative compounds in
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plant-microorganisms symbiosis, representing a tool
for nitrogen fixation in infertile soils (Palma-Tenago
etal. 2017). Our results provide preliminary informa-
tion on the distribution of phenols in olive grove soils,
thus contributing at the understanding of factors and
processes which drive the behavior and the fate of
phenols within the soil-plant system. Furthermore,
our outcomes could be useful to understand the bio-
availability of such compounds in future studies on
allelopathic interferences in field situations.
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