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Abstract The sorption of organic compounds by plant
cuticular matter has been extensively investigated;
however, little has been studied regarding the effect of
plant cuticle degradation on their role in the sorption of
organic compounds in soils. The sorption of phenan-
threne was studied in soil samples which had been
incubated for up to 9 months with three different types
of plant cuticle isolated from tomato fruits, pepper fruits
and citrus leaves. The main change in the diffuse
reflectance Fourier-transform infrared (DRIFT) spectra
during incubation of the cuticles was related to cutin
decomposition. The peaks assigned to methyl and ethyl
vibration and C=O vibration in ester links decreased
with decomposition. In general, with all samples, the
phenanthrene sorption coefficients calculated for the
whole incubated soils (Kd) decreased with incubation
time. In contrast, the carbon-normalized Kd values
(Koc) did not exhibit a similar trend for the different
cuticles during incubation. The origin of the cuticle also
affected the linearity of the sorption isotherms.With the
tomato and citrus cuticle samples, the Freundlich N
values were close to unity and were stable throughout
incubation. However with the green pepper cuticle, the
N values exhibited a significant decrease (from 0.98 to
0.70). This study demonstrates that the structural com-

position of the plant cuticle affects its biodegradability
and therefore its ability to sorb organic compounds in
soils. Of the residues originating from plant cuticular
matter in soils, the cutan biopolymer and lignin-derived
structures appear to play a dominant role in sorption as
decomposition progresses.
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Abbreviations
DRIFT diffuse reflectance infrared Fourier

transform
HOC hydrophobic organic compound
Kd whole soil sorption coefficient
KF Freundlich sorption capacity coefficient
Koc carbon-normalized sorption coefficient
Kom organic matter-normalized sorption

coefficient
SOM soil organic matter

Introduction

The primary source for organic matter in soils is above-
and below-ground plant residues. With decomposition,
the plant residues are transformed via chemical,
biological and physical processes into humus. During
these processes, some characteristic signals of structur-
ally identifiable plant materials, such as polysaccharides
and proteins, are lost, whereas signals from refractory
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compounds, such as aromatic and alkyl structures, are
enhanced (Baldock et al. 1997; Kögel-Knabner 1997;
Stevenson 1994; Zech et al. 1997). Leaf litter contains
various biopolymers, among them cellulose, hemicel-
lulose, pectin, lignin, proteins and cutin. Cutin is the
major structural component (30–70%) of the plant
cuticle, a thin layer of predominantly lipid material that
covers all primary aerial surfaces of vascular plants.
The cuticle is synthesized by the epidermal cells and
deposited on the outer walls of leaves and fruits to
protect and waterproof the plant surface (Riederer
2006). The major structural model of the plant cuticle
is a bilayer membrane. The outer region is composed
mainly of aliphatic lipids while the inner layer contains
large amounts of various cell-wall polysaccharides
(mainly pectin). The cutin is a high molecular weight,
relatively polar and cross-linked biopolymer, which is
constructed of inter-esterified hydroxy-fatty acids and
hydroxyepoxy-fatty acids with chain lengths of C16

and C18 (Holloway 1982; Jeffree 1996, 2006; Stark
and Tian 2006). In the cuticle of some plant species
(such as Agave americana), the cutin biopolymer is
associated with the cutan biopolymer. This latter
biopolymer is non-saponifiable and non-hydrolyzable
and has been found in fossilized cuticles (Gupta et al.
2006). The cutan biopolymer is constructed from long-
chain alcohols and n-alkanes linked to the aromatic
backbone (McKinney et al. 1996; Villena et al. 1999).

Several studies have reported that aliphatic-rich
biopolymers are selectively preserved in soils and
sediments with little or no alteration (Almendros et al.
1996; Lichtfouse et al. 1997, 1998; Molse et al. 1998).
In addition, many studies (Kögel-Knabner 1997;
Kögel-Knabner et al. 1992; Zech et al. 1997) have
provided evidence for the predominantly aliphatic
nature of natural soil organic matter (SOM). It has
been suggested that aliphatic-rich precursors of SOM
are relatively resistant to microbial degradation and
therefore tend to accumulate in soils with humification
(Nierop 1998). These materials are incorporated into
humus in soil and become an integral part of the soils’
humic acid macromolecules (Chefetz et al. 2002a, b).
Therefore, aliphatic structures make up a significant
fraction of the humic substances (humic acid and
humin) in soils (Hu et al. 2000; Rice 2001; Zech et al.
1997).

In addition to the importance of plant cuticular
matter as possible precursors for SOM, these and
other natural aliphatic-rich materials have been

recently reported as highly efficient natural sorbents
for hydrophobic and polar organic compounds (Boyd
et al. 1990; Chefetz 2003; Chefetz et al. 2000; Chen
et al. 2005; Gunasekara et al. 2003; Gunasekara and
Xing 2003; Kang and Xing 2005; Salloum et al.
2002; Shechter et al. 2006; Stimler et al. 2006). In
most cases, sorption of hydrophobic organic com-
pounds (HOCs) by these sorbents, including plant
cuticular materials, is in the same range or even
higher than the sorption affinity values reported for
aromatic-rich natural sorbents. Nevertheless, the role
of these aliphatic-rich materials as natural sorbents in
soils and sediments has been generally ignored in the
past due to the frequently stated assumption that
binding of hydrophobic and aromatic organic pollutants
is predominantly ruled by the level of aromatic
domains in the sorbents (Chin et al. 1997; Chiou et
al. 1998; Huang and Weber 1997; Johnson et al. 2001;
Xing 1997).

Cuticular materials are relatively biologically and
chemically stable in soils and therefore may contrib-
ute significantly to SOM, particularly where leaf litter
is a significant source (e.g., in forest soils) and in
arable soils where crop materials are plowed into the
soil on an annual basis. Based on their high sorption
capabilities, these materials are expected to contribute
significantly to the overall sorption processes of
HOCs in soil. However, very little is known about
the effects of decomposition and transformation of
plant cuticular matter in soils on their sorption
capabilities for HOCs. The objective of this study
was to elucidate the effects of decomposition of three
plant cuticles on their ability to bind phenanthrene.

Materials and methods

Isolation of cuticles

Cuticles were isolated from fruits of green
pepper (Capsicum annuum, Farm 107) and tomato
(Lycopersicon esculentum Mill.) and leaves of
sweet orange (Citrus sinensis). Freshly picked
leaves and fruits were washed several times in
deionized water and then boiled in water for
60 min, after which the cuticle sheets were manually
peeled. These sheets were further treated in ammo-
nium oxalate (16 g/l) and oxalic acid (4 g/l) solution
at 90°C for 24 h to remove residual fruit and leaf
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materials (Chefetz 2003; Kögel-Knabner et al.
1994). This treatment was followed by sonication
in an ultrasonic bath for 2 h. The isolated cuticles
were washed in deionized water to remove excess
of ammonium oxalate and oxalic acid and allowed
to dry at room temperature. The dried cuticles were
finely ground (<0.1 mm) before use in the incuba-
tion experiment.

Incubation

About 1.5 g of the isolated cuticle sheets were mixed
with 50 g of sandy soil in 125-ml containers. The soil-
cuticle mixtures and a control soil (bulk soil without
cuticle) were incubated at 25±1°C for 9 months.
During this period, the moisture level of the soil was
maintained at 85% of its field water capacity by
wetting the soil according to weight loss. Sufficient
sets of samples were prepared to allow three replicates
from each type of cuticle-soil mixture and the control
soil for five sampling periods (0, 1, 3, 6 and 9 months
of incubation). Immediately after sampling, all sam-
ples were frozen and freeze-dried. The dry composi-
tion of the soil was sand, 93%; silt, 1%; clay, 6%, and
organic carbon content, 0.17%.

Elemental and spectroscopic analyses

Elemental (C, H, N) composition and SOM content
were determined for all samples over the course of
the incubation. Total SOM content was measured by
loss of weight on ignition at 400°C for 8 h and
elemental analysis was conducted in triplicate using
an automated elemental analyzer (EA 1108, Fisons
Instruments, Milan, Italy). The diffuse reflectance
infrared Fourier transform (DRIFT) spectra of the
soil samples during incubation were obtained for a
wavenumber range of 4,000 to 400 cm−1 in a Nicolet
550 Magna-IR™ spectrometer (Nicolet Instruments
Corporation, Madison, WI). Dried soil samples
(50 mg) were mixed with KBr (IR-grade) for a total
sample weight of 300 mg. The samples were
transferred to a macro-sample holder and smoothed
with a glass slide. To obtain DRIFT spectra, 400 scans
were collected. Spectra were compared after a linear
baseline correction at 4,000, 2,000, 860 and 400 cm−1

as zero absorbance points. To monitor the changes in
the organic matter (i.e. cuticular matter) of the
samples during incubation, the spectrum of the

organic matter was obtained by subtracting the control
soil spectrum from the corresponding soil spectrum.
The control soil spectrum was obtained for the soil
used in the incubation experiment without input of
cuticular matter. Using this technique, we were able to
reduce the signals originating from the soil’s minerals
and organic matter and to enhance signals related to
the added cuticular matter (Chefetz et al. 1996).

Batch sorption–desorption experiments

All sorption isotherms were obtained using a batch-
equilibration technique at 25°C in 30-ml glass tubes.
Phenanthrene solutions were prepared by adding
aliquots from concentrated methanol stock solutions
to a background solution containing 5 mM CaCl2 and
200 mg/l NaN3 as a biocide. Methanol concentration
was maintained at less than 0.1% (v/v) to avoid a co-
solvent effect. The tubes were agitated for 96 h
(determined as apparent sorption equilibration time in
preliminary experiments) in the dark at 200 rpm.
After the desired time, the tubes were centrifuged
(4,000×g, 30 min) and 0.5-ml aliquots of the
supernatant were diluted with methanol (1:1, v/v) into
1.5-ml HPLC vials. The methanol was added to
prevent phenanthrene sorption to the HPLC vials
(Oren and Chefetz 2005). Quantitative HPLC analy-
ses of the samples were performed using an L-7100
LaChrom HPLC (Merck-Hitachi, Darmstadt, Ger-
many) with a LiChrospher® RP-18 column (25 cm×
4 mm, 5 μm). Phenanthrene was eluted from the
column using isocratic conditions of 15/85 water/
acetonitrile (1 ml/min) and detected with a fluores-
cence detector using 244 and 360 nm as excitation
and emission wavelengths, respectively. Phenanthrene
was quantified using external standards prepared in a
background solution. Because of negligible sorption
to the vials (<0.5%), minimal loss to the headspace
and no biodegradation, sorption was calculated by
mass differences.

Data analysis

The sorption coefficients (Kd) were calculated from a
linear fit of the sorption isotherms. The Kd data were
normalized to the carbon and organic matter levels in
each sample to obtain the Koc and Kom values,
respectively. The KF (Freundlich sorption capacity
coefficient) and N parameters were calculated from
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the Freundlich equation, q=KF×Ce
N, where q is the

phenanthrene solid-phase concentration (mg/kg) and
Ce is the phenanthrene liquid-phase equilibrium
concentration (mg/l).

Results and discussion

The composition of plant cuticles is known to vary
among plant species and plant-organ age; cuticle
composition is also affected by exogenous factors
(Bargel et al. 2006; Baur et al. 1999; Casado and
Heredia 2001; Müller and Riederer 2005; Percy et al.
2002; Riederer and Schonherr 1984). In this study,
cuticle (isolated from fruits of green pepper and
tomato and leaves of citrus) selection was based on
their different structural compositions, as this is
assumed to influence their biodegradability and
sorptive uptake of HOCs. The tomato cuticle is
known as a cutan-free cuticle (Deshmukh et al.
2003), whereas the level of base- and acid-resistant
residue (i.e., cutan) in the pepper and citrus cuticles
was 9 and 7%, respectively. The level of cutin was 59,
75 and 47% for the pepper, tomato and citrus cuticles,
respectively. The highest level of acid-hydrolyzable
fraction (i.e., pectin and cellulose) was obtained for
the citrus leaf cuticle (40%). The level of this
structural fraction in the pepper and tomato cuticles
was 30 and 20%, respectively. The level of the
epicuticular waxes was similar in the two studied
fruit cuticles (2–3%) but was twice as high (6%) in
the citrus leaf cuticle.

The total level of organic matter in the incubated
cuticle-amended soil samples exhibited a sharp
decrease with incubation time (Fig. 1). The degrada-
tion level of the added cuticles was 37, 33 and 30%
for the tomato, pepper and citrus cuticles, respective-
ly. A higher decomposition level (50%) has been
reported by Stimler et al. (2006) for tomato and
pummelo cuticles during 12 months of incubation
under similar conditions. In this study, the fruit-
derived cuticles exhibited a similar decomposition
trend. During the first month of incubation, 21 to 23%
of the added cuticular organic matter was mineralized,
then the organic matter level remained constant (no
decomposition) for the following 2 months. From that
point (3 months of incubation) on, the cuticles
decomposed at a steady rate of about 2.5% per
month. In contrast, only 8% of the leaf-derived citrus

cuticle decomposed during the first month of incuba-
tion and from that point on, the materials decomposed
at a steady rate of 2.7% per month. It is important to
note that the level of SOM in the control soil was
constant at 0.17% during the incubation period. The
H/C atomic ratio values of all samples were high (>2),
in accordance with the highly aliphatic nature of the
cuticles (Chefetz et al. 2000; Chen et al. 2005;
Deshmukh et al. 2003, 2005; Holloway 1982). In
general, the H/C ratios of the pepper and citrus
samples increased gradually with incubation, proba-

Fig. 1 Change in organic matter, carbon and H/C atomic ratio
during incubation of plant cuticles in soil
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bly due to relative enrichment of the residual organic
matter with the more resistant cuticular matter. These
materials include the cutan biopolymer and lignin-like
structures (Kögel-Knabner et al. 1994). Since the H/C
ratio for aromatic structures such as lignin is low, the
obtained increase in H/C ratio was mainly related to
enrichment of the organic matter with the cutan
fraction. In contrast, the H/C values obtained for the
soil samples amended with the tomato cuticle were
constant after 1 month of incubation. This cuticle is
cutan-free and therefore when cutin (75% of the
whole cuticle weight) is decomposed, the H/C ratio
remains steady.

To follow the structural transformation of the cu-
ticular materials during incubation, we analyzed the
samples using DRIFT spectroscopy. The spectra of the
soil-free samples (i.e., spectra of the organic matter) at
three stages of incubation are presented in Fig. 2.
These spectra were produced by subtracting the
spectrum of the cuticle-free soil (i.e., natural soil) from
the spectra of the soil samples taken during incubation.
This allowed us to correct for and reduce the
contribution of signals from the soil’s mineral and
natural organic matter components and to monitor the
changes in the cuticular-derived organic matter during
incubation (Chefetz et al. 1996). All spectra exhibited
similar profiles. A peak at 3,620–3,640 cm−1 (O–H
stretch of alcohols), a broad band at 3,200–3,600 cm-1

(H-bonds, OH groups), two distinct peaks at 2,930 and
2,850 cm−1 (C–H asymmetric, C–H stretch of –CH), a
small peak at 1,846 cm−1 (anhydride), a peak at around
1,740 cm−1 (C=O in ester bonds), a wide peak at
1,620–1,650 cm−1 (carboxylate, C=C in aromatic
structures or C=C in vinyl), broad peaks 1,470 and
1,380 cm−1 (C–H deformation of CH2 or CH3 groups),
a peak in the 1,100 cm−1 range (C–O stretch of
polysaccharide) and a peak at 920 cm−1 (Si–O stretch).

The main changes in the spectra resulting from
cuticle decomposition were a reduction of the methyl
and ethyl functionality peaks at 2,930 and 2,850 cm−1

and a reduction of the ester-derived peak at 1,730–
1,740 cm−1. For all samples during the first 6 months
of incubation, reduction of the intensities of these
peaks followed a similar trend (i.e., the 2,930:1,730
peak ratio was constant). With the tomato-derived
cuticle samples, this peak ratio remained constant till
the end of the experiment. These findings suggest that
cutin, which is composed of various inter-esterified
aliphatic hydroxy acids with chain lengths of C16 and

C18, was decomposed continuously during incuba-
tion. However, during the final stage of the experi-
ment (6 to 9 months of incubation), the 2,930:1,730
peak ratios recorded for the pepper- and citrus-derived
cuticular samples increased slightly (from 1.1 to 1.15
and from 1.07 to 1.2, respectively). The increase in the
2,930:1,730 peak ratio was similar to the increasing
trend in H/C ratio at the final stage of the incubation.
This indicates relative enrichment of the residual
organic matter with paraffinic carbons originating from
the cutan biopolymer. This biopolymer is present in
citrus and pepper cuticles and is known to be slowly

Fig. 2 Diffuse reflectance Fourier-transform infrared (DRIFT)
spectra of the incubated cuticle samples (tomato, top; pepper,
middle; citrus, bottom)
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degraded. In addition to these changes, the relative
intensity of the bands related to C–O of polysac-
charides (1,000–1,100 cm−1) decreased significantly
with incubation in the samples from the citrus-
derived cuticle. This is probably related to the high
level of polysaccharides in this sample (40%). In
general, our data suggest that cutin was continuously
decomposed in the soils, resulting in a relative
enrichment of the residual organic matter with the
cutan fraction.

Sorption isotherms of phenanthrene to pepper and
tomato fruit cuticles and citrus leaf cuticle at different
stages of the incubation are presented in Fig. 3, and
sorption coefficients are presented in Table 1. The Koc

values calculated for the raw cuticle-soil mixtures
(0 month of incubation) were similar to values
calculated for phenanthrene sorption by the bulk
cuticular matter (74,180±2,010, 75,690±4,250 and
55,140±1,514 l/kg organic carbon for the tomato,
pepper and citrus cuticles, respectively). In addition,
the phenanthrene Kd value calculated for the soil used
in the experiment was negligible (5.53 l/kg) compared
with the values calculated for the soil-cuticle systems.
This indicates that the changes obtained in sorption
parameters during the experiments can be attributed to
the added cuticles and their transformation in the
system.

In general, the phenanthrene Kd and KF values,
which were calculated for the whole incubated soils,
decreased with incubation (degradation). The Kd

values decreased by 55, 65 and 37% with incubation
for the tomato, pepper and citrus cuticle systems,
respectively. During the first month of incubation, the
Kd values of the soils were only slightly decreased
even though a considerable amount of the added
cuticles decomposed during this early stage of
incubation. Behavior of Koc was distinct from the Kd

trend (Table 1). The Koc and Kom values for the
tomato cuticle incubation system increased after
1 month of incubation. The relative increase in values
recorded for the Koc during the first month of
incubation suggests higher sorption capability for the
residual cuticular matter. Cuticular matter is com-
posed of readily degradable materials such as pectin
and cellulose; these biopolymers are expected to
mineralize rapidly at early stages of incubation
(Stimler et al. 2006). Since these polymers are highly
polar and are therefore not expected to contribute to
sorption of highly non-polar sorbates such as phen-

anthrene, it is suggested that their degradation
increased the apparent phenanthrene binding to the
remaining residues. From this stage of incubation
(after 1 month), the Koc values calculated for the
tomato incubation system decreased by up to 47%,
similar to the decrease recorded for the Kd values
(53%). This can be explained by the continuous
decomposition (depolymerization) of the cutin bio-
polymer to monomers. Cutin biodegradation has been
observed by Kögel-Knabner et al. (1989) and Stimler
et al. (2006). Though this process (depolymerization)
does not significantly affect the amount of organic

Fig. 3 Sorption isotherms of phenanthrene by tomato (top),
pepper (middle) and citrus (bottom) cuticle microcosm samples
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matter, the sorption capability of the system is
drastically decreased due to the high sorptive capacity
of the cutin (Chamel and Vitton 1996; Chefetz 2003;
Chen et al. 2005; Shechter et al. 2006).

For the pepper cuticle system, the decrease in Koc

values was much smaller than the decrease recorded
for the Kd values (35 and 63%, respectively). Similar
to the tomato system, the decrease in Koc values
probably resulted from the depolymerization of
cutin. The lower decrease in Koc as compared to
the tomato system was due to the presence of the
non-degradable cutan in this system (7–9%). Hence,
the different structural composition of the tomato
and pepper cuticles affected the sorption behavior of
phenanthrene during the incubation period. For the
citrus cuticle system, the Koc values increased by
27% after 3 months. This behavior is similar to the
Koc trend in tomato cuticle, and can be explained by
the mineralization of pectin, which takes more time
(3 months) than in the tomato system (1 month) due
to the larger amount of pectin in the citrus cuticle.
After 3 months, the Koc values had decreased by

28% due to cutin depolymerization. The Kd values in
this system decreased by 37% during the period of
incubation (similar to the tomato system).

We suggest that in all cases, the decrease in
phenanthrene Koc values during incubation resulted
from the decomposition of cutin. When this biopoly-
mer is decomposed to monomers, the sorption of
phenanthrene decreases dramatically as well. The most
drastic decrease in sorption capability of phenanthrene
was recorded for the tomato and pepper cuticles, which
contain 75 and 60% cutin, respectively. This was
confirmed by the results of the DRIFT analysis (i.e.,
reduction of the 1,735 cm−1 peak; Fig. 2). In some
cases, the reduction of the C=O ester vibration was
followed by an increase in the 1,720 cm−1 peak which
is assigned to C=O vibrations of the carboxylic acids
that are typical for cutin monomers. With all cuticular
matter, pectin degradation facilitated the apparent
phenanthrene sorption. Because of the high polarity
of the pectin, it is a more unfavorable partition medium
for phenanthrene. Moreover, Chefetz (2003) has
suggested that the polymeric materials pectin and cutin

Table 1 Phenanthrene sorption coefficients

Incubation time (months) Kd
a Koc

b Kom
c KF

d Ne

Tomato cuticle
0 1220±40 72,480 37,490 1168±83 0.97±0.06
1 1130±32 99,010 44,120 1212±72 1.01±0.05
3 860±24 76,270 32,700 850±53 0.99±0.05
6 850±22 66,590 36,260 813±44 0.96±0.05
9 530±8 52,270 25,610 532±13 0.99±0.03
Pepper cuticle
0 1,170±24 73,770 42,090 1,159±64 0.98±0.04
1 1,030±32 71,400 42,640 957±69 0.93±0.05
3 850±42 67,530 34,970 762±55 0.82±0.07
6 600±22 53,240 29,330 610±40 0.81±0.07
9 380±20 46,620 20,740 358±13 0.70±0.04
Citrus cuticle
0 680±20 46,410 26,380 684±25 1.04±0.03
1 600±26 45,310 25,240 588±41 0.97±0.07
3 770±43 59,340 35,820 703±58 0.88±0.08
6 620±30 47,580 31,730 728±25 1.01±0.03
9 430±21 42,580 24,100 425±32 0.96±0.01

The values are means±standard deviations.
aWhole soil sorption coefficient (l/kg)
b Carbon-normalized sorption coefficient (l/kg)
c Organic matter-normalized sorption coefficient (l/kg)
d Freundlich sorption capacity coefficient [(mg/kg)/(mg/l)N ]
e Freundlich correction factor
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can best be considered an intermediate between
physical and chemical mixtures. In the mixture, cutin
dominates the sorption potential and the polar compo-
nent (pectin) has a significant decreasing sorption
effect. The ratio of these two processes (sorption by
cutin and decreasing sorption ability due to the polarity
of the pectin) governs the overall sorption capabilities
of the residual organic matter.

With the tomato and citrus cuticle samples, the
Freundlich N values (i.e., linearity of the phenanthrene
sorption isotherm; Table 1) were close to unity and
were stable throughout the incubation time. Similar
behavior (highly linear sorption isotherms) has been
reported by Boyd et al. (1990) for benzene, ethylben-
zene and trichlorobenzene with tomato cuticle. Those
authors suggested that plant cuticles serve as a
powerful partitioning medium for HOCs in soils.
However, in this study, the linearity of the phenan-
threne sorption isotherm was significantly influenced
by the decomposition process of the green pepper
cuticle. The Freundlich N values decreased from 0.98
to 0.70. This suggests that the type of sorbent-sorbate
interactions changed with decomposition due to struc-
tural changes in the sorbents. The DRIFT data suggest
that the residual organic matter after decomposition of
citrus leaf cuticle is enriched with lignin-like and cutan
materials. These biopolymers are known to contribute
to non-linear sorption isotherms (Gunasekara and Xing
2003; Salloum et al. 2002). Non-linear sorption of
phenanthrene can results from its dual interactions with
the sorbent (partitioning and hole-filling; Xing and
Pignatello 1997) or when phenanthrene interacts
specifically (via π–π interactions) with aromatic
functional groups (Wijnja et al. 2004; Zhu et al.
2004). We believe that with this set of samples
(decomposed citrus leaf cuticles), the non-linear
sorption of phenanthrene results from its interactions
with the cutin and lignin-like structures present in the
leaf cuticle (Kögel-Knabner et al. 1994). Interactions
with the cutin probably facilitates partitioning (similar
to the data recorded for the cutin-rich tomato cuticle),
whereas interactions with the lignin are via π-π
interactions with aromatic functionalities.

Conclusions

The role of plant cuticular matter in the sorption of
HOCs has been investigated to better understand the

mechanisms by which agrochemicals and other HOCs
interact with important precursors of SOM. However,
little has been studied regarding the effect of the
degradation of these natural organic materials on their
role as partition and sorption domains for HOCs in
soils. This study demonstrates that the structural
composition of the plant cuticle affects its ability to
sorb HOCs. Moreover, its structural composition is
shown to significantly influence its biodegradability
and the ability to contribute to the overall sorption of
HOCs in soils. Therefore, a single plant cuticle cannot
be used as a model for plant cuticles in general when
studying HOC sorption. Our data suggest that with
decomposition of the plant cuticular matter in soils,
mainly the cutan biopolymer and lignin-derived
structures dominate sorption. This provides strong
evidence for the role of aliphatic-rich plant-derived
biopolymers as a sorption domain for HOCs in soils.
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