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a  b  s  t  r  a  c  t

Non-chilling  peel  pitting  (NCPP),  a storage  disorder  resulting  in  the  formation  of  depressed  areas  in
the  peel  of  many  citrus  cultivars,  is  reduced  by  ethylene  treatments.  We  hypothesized  that  this  effect
may  be associated  with  biochemical  changes  of cell  wall  components.  Therefore,  we  extracted  cell wall
material  from  albedo  and  flavedo  tissues  of  ‘Navelate’  oranges  stored  in air,  conditioned  with  ethylene
(2  �L L−1) for  4 days  and  subsequently  transferred  to  air,  or continuously  stored  in an  ethylene-enriched
atmosphere  (2  �L L−1). Uronic  acids  and neutral  sugars  were  extracted  into  five  fractions  enriched  in
specific  wall  polymers  namely  water-,  CDTA-,  Na2CO3-, and  1 and  4  M  KOH-soluble  fractions.  Pectin
lcohol insoluble residue
thylene conditioning
lavedo
ectin
hysiological disorder

insolubilization  was  found  in control  fruit  at long  storage  times.  Ethylene  treatments,  alleviating  NCPP,
increased  polyuronide  solubility  in  the  albedo  and  had  a slight  effect  on  the flavedo.  Ethylene-treated
fruit  showed  greater  content  of  water-soluble  neutral  sugars  and  a larger  proportion  of hemicelluloses
readily  extractable  with  1 M KOH,  with  a concomitant  reduction  in  the 4  M  KOH-soluble  fraction.  This
suggests  that the protective  role  of ethylene  on NCPP  is associated  with  an  increased  solubilization  of  the
wall  of  albedo  cells.
. Introduction

The plant hormone ethylene is usually associated with fruit
ipening regulation, senescence and it is involved in the devel-
pment of some physiological disorders such as blackheart of
ineapple [1], toughening of asparagus [2] and apple scald [3]. How-
ver, it is well established that it may  protect other horticultural
ommodities from stresses causing pathological and physiological
isorders and that the responses to ethylene are affected by hor-
one concentrations and treatment durations and also by tissue

usceptibility and by the organ physiological stage [4–7].
Mature citrus fruits, in which the chloroplast to chromo-

last transition has been completed, tolerate ethylene levels that
ay  reduce infection caused by Penicillium digitatum [8], chil-
ing injury [9] as well as peel collapse occurring in fruit held
nder non-chilling conditions (22 ◦C, 90–95% RH) [7]. This disor-
er, manifested as collapsed areas of the flavedo and part of the
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albedo (Supplementary data, Fig. S1), is known as non-chilling peel
pitting (NCPP). A transcriptomic approach on mature oranges high-
lighted the molecular basis of the ethylene-induced resistance of
citrus fruits to P. digitatum infection [8]. However, the biological
basis of the ethylene-induced tolerance to NCPP in citrus fruits is
still unknown [7]. Water stress may  favour this disorder [10,11],
but NCPP may  be also developed in harvested citrus fruit held
under non-stressful environmental conditions [12]. Given that fruit
detachment induces fast sucrose depletion [13,14] and changes in
proteins related to starvation-induced ageing in citrus peel [15],
it has been suggested that the lack of carbon sources originated
by fruit detachment may  be involved in peel collapse [16]. More-
over, on view of ultrastructural changes, it was  suggested that
ethylene-induced modifications in cell wall might participate in
the beneficial effect of the hormone reducing NCPP [16].

The plant cell wall provides mechanical support to individ-
ual cells, tissues, and organs. However, its perception as a solely
rigid structure providing mechanical support is long past and it is
now accepted that it has a key role in a plant’s interactions with

pathogens and responses to abiotic factors. Dynamic changes in
wall polymers occur during normal development and in response
to hormonal and environmental conditions [17]. These modifica-
tions may  have large effects on tissue biomechanical properties

dx.doi.org/10.1016/j.plantsci.2013.05.001
http://www.sciencedirect.com/science/journal/01689452
http://www.elsevier.com/locate/plantsci
mailto:arielvicente@quimica.unlp.edu.ar
mailto:george.manganaris@cut.ac.cy
mailto:iminas@agro.auth.gr
mailto:vlasios.goulas@cut.ac.cy
mailto:mtlafuente@iata.csic.es
dx.doi.org/10.1016/j.plantsci.2013.05.001


nt Scie

[
o
m
c
c
h
a
[
r
t
a
s
y
a

2

2

F
o
r
t
t
o
b
(
i
a
t
t
p
r
u
t

o
d
a

2

fl
v
o
a
b

c

e

2

(
t
w
o
o
u
a
f
y

A.R. Vicente et al. / Pla

18,19]. In addition, wall turnover may  generate biologically active
ligogalacturonides (OGs) able to induce defensive and develop-
ental responses [20] and to induce ethylene biosynthesis in

limacteric fruits like tomato [21]. Solubilized pectin and/or other
arbohydrate pools derived from the bulk degradation of cell wall
ave been considered as alternative sources for fuelling metabolism
nd maintaining cellular homeostasis under shortage conditions
17]. Although we have recently found that ethylene treatments
educing NCPP caused cell wall ultrastructural modifications [16],
he cell wall changes induced by these treatments in the flavedo
nd albedo tissues of citrus fruit are still unknown. The aim of this
tudy was to characterize compositional changes induced by eth-
lene treatments that reduce NCPP in cell wall of the flavedo and
lbedo of mature ‘Navelate’ (Citrus sinensis, L. Osbeck) sweet orange.

. Materials and methods

.1. Fruit material, ethylene treatments and storage

Mature ‘Navelate’ orange fruits were harvested by the end of
ebruary (2 months after fruit colour change) from a commercial
rchard at Valencia, Spain and immediately delivered to the labo-
atory. A total of 540 oranges free of visual defects were sorted on
he basis of uniform size and divided into three groups, each con-
aining 180 fruit, which were stored under: (a) a continuous flow
f air for up to 16 days (control); (b) a continuous flow of air after
eing conditioned for 4 days with air containing 2 �L L−1 ethylene
ethylene conditioned, EC); and (c) a continuous flow of air contain-
ng 2 �L L−1 ethylene (ethylene, E). All treatments were performed
t 20 ◦C and 90–95% RH to avoid stressful environmental condi-
ions. Calcium hydroxide was added to the storing trays to prevent
he accumulation of respiratory CO2. Three replicates of 20 fruit
er treatment were used to determine the NCPP index. Additional
eplicate samples of 10 fruit per treatment and storage period were
sed for determining changes in cell wall materials (CWM)  in both
he flavedo and albedo tissues.

Flavedo and albedo samples were taken from the whole surface
f fruit from each treatment at harvest, and after 4, 8, 12 and 16
ays storage, and immediately frozen in liquid nitrogen, ground to

 fine powder in a mill, and stored at −80 ◦C until use.

.2. Estimation of non-chilling peel pitting

The NCPP symptoms were manifested as collapsed areas of the
avedo and part of the albedo (Supplementary data, Fig. S1). A
isual rating scale from 0 (no damage) to 3 (severe damage), based
n surface damage, was  used to estimate NCPP severity. The aver-
ge NCPP pitting index was calculated as previously reported [22]
y using the following formula:

NCPP index = �(damage scale (0–3) × number of fruit in each
lass)/total number of fruit.

Three replicates of 20 fruits were used, and results were
xpressed as the mean NCPP index ± standard error (SE).

.3. Isolation of cell walls

Five grams of albedo and flavedo tissues from either untreated
control) fruit or subjected to ethylene conditioning or ethylene
reatments were placed in 95% (v/v) ethanol and subsequently
ere homogenized using a Polytron (Kinematica, Swiss) with 20 mL

f 95% ethanol and boiled for 30 min  to ensure the inactivation
f cell wall modifying enzymes and the extraction of low molec-

lar weight solutes. The insoluble material was vacuum filtered
nd sequentially washed with 40 mL  of ethanol, 40 mL of chloro-
orm:methanol (1:1, v/v), and 40 mL  of acetone and dried at 37 ◦C,
ielding the alcohol insoluble residue (AIR). The dried residue was
nce 210 (2013) 46– 52 47

weighed, and the yield of AIR was calculated. Three independent
extractions were made from fruits exposed to each treatment and
storage time.

2.4. Cell wall fractionation

Fractions of different cell wall components were obtained by
sequential chemical extraction of the AIR as elsewhere described.
[23]. Forty milligrams of AIR from each sample were suspended
in 10 mL  of water and stirred at room temperature for 3 h under
continuous shaking, then centrifuged at 6000 × g and vacuum fil-
tered. The filtrate was taken to 14 mL  with water and designated as
water-soluble fraction (WSF).

The residue was then extracted with 10 mL of 50 mM trans-1,2-
diaminocyclohexane-tetraacetic acid (CDTA), pH 6.5, for 3 h under
continuous shaking. The slurry was centrifuged and the super-
natant was  collected, taken to 14 mL  with water and designated
as CDTA-soluble fraction (CSF). The CDTA-insoluble pellet was then
extracted with 10 mL  of 50 mM Na2CO3 at 4 ◦C for 1 h. After centrifu-
gation and volume adjustment (as mentioned above), the extracted
solution was designated as Na2CO3-soluble fraction (NSF). Subse-
quently, the pellet was  extracted with 10 mL of 1 M KOH at 4 ◦C
for 1 h under continuous shaking. After centrifugation, the super-
natant was  adjusted to 14 mL  with the addition of distilled water
and designated as 1 M KOH-soluble fraction (1KSF). Finally the pel-
let was re-extracted with 4 M KOH to yield the 4 M KOH-soluble
fraction (4KSF). Samples of the different fractions obtained were
assayed in duplicate for uronic acids (UA) and neutral sugars (NS)
contents as described below. The residue after extraction with 4 M
KOH was subjected to three successive washes with ethanol 50%
(v/v) in order to remove the KOH, leaving a residue which was dried
at 60 ◦C, weighed and designated as �-cellulose.

2.5. Uronic acids

The UA contents were measured according to Blumenkrantz
and Asboe-Hansen [24]. Aliquots of the different cell wall frac-
tions were poured into test tubes and taken to 200 �L with water.
Subsequently, 1 mL  of 98% (w/w) H2SO4 containing 75 mM sodium
borate was  added in an ice water bath. Samples were shaken and
incubated at 100 ◦C for 10 min. After boiling, the reaction mix-
tures were cooled in a water ice bath and 20 �L of 0.15% (w/v)
m-phenylphenol in 0.5% (w/v) NaOH were added. The mixture was
gently mixed and 300 �L of each sample was  loaded in 96-well
plates and the absorbances at 520 nm were measured in a plate
reader (model Infinite 200 PRO, Tecan GmpH, Austria). The calibra-
tion curve was  established using galacturonic acid in the range of
0–50 �g mL−1 and results were expressed as milligrams of galactur-
onic acid equivalents per gram of AIR. Three independent samples
were analysed for each treatment and storage condition and mea-
surements were done in duplicate.

2.6. Neutral sugars

Anthrone method in 96-well plate format was used to mea-
sure NS [25]. Aliquots from the different cell wall fractions were
pipetted into test tubes and diluted to 500 �L with distilled water.
Subsequently, 1 mL  of 2 g L−1 anthrone (in 98%, w/w H2SO4) was
added in a water-ice bath. The samples were then incubated for
10 min  at 100 ◦C. The reaction mixtures were cooled in a water-

ice bath; 300 �L of each sample was  loaded in 96-well plates
and the absorbances at 620 nm were measured. The calibration
curve was established using glucose in the range of 0–30 �g mL−1.
Three independent samples were analysed for each treatment and
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torage condition and measurements were done in duplicate.
esults were expressed as mg  of glucose equivalents per g of AIR.

.7. Statistical analysis

Experimental data are the means ± SE of three replicates of the
eterminations for each sample. Data were subjected to analysis
f variance (ANOVA) and mean comparisons were done indepen-
ently in the albedo and flavedo tissues using the Duncan’s test at a

evel of significance of P ≤ 0.05. Statistical analysis was  performed
y using SPSS 17.0 for Mac  OS X (SPSS, Chicago, IL, USA) and graphs
ere created using Prism v5.01 (Graph Pad Inc., San Diego, USA).

. Results and discussion

.1. Effect of ethylene on the susceptibility of ‘Navelate’ oranges
o NCPP

‘Navelate’ sweet orange fruit harvested after fruit colour change
an be considered as a model system to study NCPP because of
ts high susceptibility to this disorder and its tolerance to ethyl-
ne levels required for NCPP reduction [7]. Depressed peel areas
NCPP) affecting the inner and outer part of the peel were first
bserved by day 8 in fruit held at 20 ◦C and 90–95% RH and
ncreased over time (Fig. 1). Treating the fruits for 4 days with eth-
lene (2 �L L−1) considerably reduced NCPP. This effect was more
arked when they were continuously stored in 2 �L L−1 ethylene.

he greatest increase in NCPP occurred between days 8 and 12 in
ir-stored fruit. By day 12, the peel pitting index of control fruit
as 3 and 7 times higher than that of fruit conditioned or contin-
ously stored in ethylene, respectively. Overall, the incidence of
CPP was considerably lower in the ethylene-treated fruit until

he end of the experiment (<0.5 on a scale up to 3.0). Ethylene
as been involved in diverse responses to abiotic stresses in fruit
nd vegetables [5]. While in some cases, it can trigger undesirable
uality changes, increasing chilling injury [26], lignification [27],

ff-flavours [28], and surface scalds [3], it may  also provide pro-
ection against stresses causing physiological disorders. In citrus,
thylene production markedly increased in response to different
iotic [29] and abiotic stress conditions [10,30]. We  have previously

ig. 1. Effect of ethylene on changes in NCPP index in mature ‘Navelate’ oranges
tored under non-stressful environmental conditions (20 ◦C and 90–95% RH) for
6  days. Fruits were held in: (a) air (control); (b) air after being conditioned for 4
ays  with 2 �L L−1 ethylene (ethylene conditioned) and (c) air containing 2 �L L−1

thylene (ethylene). A rating scale from 0 (no damage) to 3 (severe damage) was
sed. Results are presented as means of three replicates of 20 fruits each ± SE.
nce 210 (2013) 46– 52

shown that ethylene treatments reduced citrus pitting under chil-
ling and non-chilling conditions [7,9]. Multiple responses triggered
by ethylene have been suggested to participate in stress acclimation
of plants and horticultural crops [5]. Examination of fruit surface by
scanning electron microscopy suggested that ethylene induces epi-
cuticular wax formation in sweet oranges [12]. Moreover, ethylene
treatments reduced damage and up-regulated phenylpropanoid
metabolism [7]. The cell wall plays important roles both affecting
texture and at fruit-pathogen interfaces [31–34]. A role for pec-
tic substances in the acclimation of fruits to stresses causing peel
collapse has been also suggested [35]. However, changes in cell
wall components in response to postharvest treatments are poorly
studied in citrus fruit [36]. In terms of structural and histochemical
analysis we have reported that ethylene treatments that reduced
NCPP induced changes in cell wall appearance and composition
[16]. In order to further characterize this response, we  evaluated
the changes in the content and solubility of the main cell wall
components.

3.2. Effect of ethylene on the AIR content and on the relative
distribution of uronic acids and neutral sugars in the albedo and
flavedo tissues

The AIR content in the albedo (ca. 15%) of ‘Navelate’ oranges was
greater than that in the flavedo (ca. 12%) (data not shown). Baluška
et al. [37] reported that pectin material could be recycled by endo-
cytosis and used for de novo formation of the cell wall. Moreover,
it is well known that carbon starvation may  increase the activity
of hydrolases, leading to released sugar residues from cell wall
polysaccharides to sustain respiration and other metabolic pro-
cesses [38–40]. In the present study, the cell wall content decreased
by 7% in the flavedo of fruit treated continuously with ethylene. In
the albedo, a 10% reduction of the AIR was recorded by the end of
the storage. Our results also showed that the decrease in the AIR
was similar in control and ethylene-treated fruit (data not shown).
This suggests that if ethylene treatments increase the recycling and
usage of wall sugars as energy sources, the effect is not substantial.
Plant walls can adapt to the highly dynamic conditions at which
cells are exposed [41], while pectins are considered as a source of
signalling molecules that could be generated in response to specific
environmental cues [20,42]. Thus, rather than focusing on energy
metabolism in the peel tissues, it could be of interest to deter-
mine whether the identified decrease in flavedo and albedo wall
material indicated by our analysis has contributed to the genera-
tion of biologically active pectin-derived oligosaccharide signals in
the ethylene-treated fruit. If so, these could serve to promote the
observed cell wall changes or an increase in the fruit’s production
of ethylene or other responses that contribute to the reduction in
NCPP. Most of the UA were either loosely (WSF) or ionically bound
(CSF) to the cell wall in both the albedo and flavedo tissues. The
tightly associated UA (NSF) represented in both tissues less than
10% of the total UA (Fig. 2A). A higher UA content was  found in
the WSF  fraction of the albedo, while in the flavedo CDTA-soluble
fraction was  the more prominent. In both tissues, such proportions
represented ca. 60% of the total UA content (Fig. 2A). The UA distri-
bution remained nearly constant in the albedo during fruit storage
and was not affected by the ethylene treatments. Ethylene had also
little effect on the relative UA content in the flavedo cell wall where
a slight decrease in the water-soluble UA and a slight increase in
the ionically bound UA were measured after 12 days. In this tis-
sue, a slight decrease in the loosely bound, together with a slight
increase in the ionically bound UA, was observed after 12 days and

this effect was slightly higher in ethylene-treated fruit. The relative
contents of NS in the flavedo and the albedo of freshly harvested
fruit were similar in the WSF, CSF and NSF fractions (Fig. 2B). Neu-
tral sugars increased in the WSF  of ethylene-treated fruit by day 12,
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Fig. 2. Relative distribution of uronic acids (UA, A) and neutral sugars (NS, B) from
the  pectin rich fractions [(water-(WSF), CDTA-(CSF) and Na2CO3 -soluble (NSF)] in
albedo and flavedo tissues of ‘Navelate’ orange at harvest (H) and during fruit storage
at  20 ◦C in air (control, C), in air after being conditioned with ethylene (ethylene
conditioned (EC)), or in ethylene (E).

Fig. 3. Relative distribution of neutral sugars from the hemicellulose rich fractions

Fig. 4. Pectin content of water- (WSF, A and B), CDTA- (CSF, C and D) and Na2CO3-soluble
(H)  and during storage at 20 ◦C in air (control), in air after being conditioned with ethyle
significantly (P ≤0.05) according to Duncan’s test.
[(1 M KOH-(1KSF) and 4 M-KOH soluble (4KSF)] in albedo and flavedo tissues of
‘Navelate’ orange at harvest (H) and during fruit storage at 20 ◦C in air (C), in air
after  being conditioned with ethylene (EC) or in ethylene (E).

and this effect was  more marked in the fruit continuously treated
with ethylene. The changes in the WSF  were mirrored when exam-
ining changes in NS in the NSF fraction, but they were lost by 16
days when the NCPP manifestation was  advanced (Fig. 2B).

In the hemicellulose fractions, NS in both the albedo and flavedo
were almost equally extracted with 1 M and 4 M KOH (Fig. 3). The

proportion of hemicelluloses extracted with 1 M KOH was greater
in the albedo than in the flavedo and slight changes were observed
in both control and ethylene-treated fruit during their storage.
A previous ultrastructural and histochemical study revealed an

 (NSF, E and F) fractions in albedo and flavedo tissue of ‘Navelate’ orange at harvest
ne (EC) or in ethylene (E). Means ± SE labelled with the same letter did not differ
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Fig. 5. Neutral sugars content of water-soluble (WSF, A and B), CDTA-soluble (CSF, C and D) and Na2CO3-soluble (NSF, E and F) fractions in albedo and flavedo tissue of
‘Navelate’ orange fruit at harvest (H) and during storage at 20 ◦C in air (control), in air after being conditioned with ethylene (EC) or in ethylene (E). Statistical analysis was
performed as indicated in Fig. 4 legend.
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ncreased staining of CWM  in fruit treated with ethylene that
ould have resulted from increased deposition of pectic exudates
16]. Nevertheless, analysis of cell wall composition in the present
tudy indicated that changes in the relative abundance of all pectin
ractions compared to hemicelluloses on an AIR basis were not
ignificant in the ethylene-treated fruit (data not shown).

.3. Effect of ethylene on uronic acid and neutral sugar contents
n the albedo and flavedo tissues

The UA content in the albedo WSF  was approximately 3-fold
reater than in the flavedo (Fig. 4A and B). Treating the fruit for 4
ays with ethylene induced a slight increase in UA content of the
SF fraction in the albedo. Such differences were statistically sig-
ificant by day 16 in this tissue (Fig. 4C and D). The largest changes
ere found in the albedo tissue and after prolonged storage (16
ays). At this time point, ethylene-treated fruit presented greater
ontent of water-soluble UA than the control, which instead had
igher level of tightly bound pectin. This trend is usually observed

n fruits presenting more advanced stages of wall turnover [43].
thylene has been shown to induce several enzymes involved in
ectin degradation [31]. It is noteworthy, that changes induced
y ethylene in the flavedo tissue were more restricted than in the

lbedo but still significant in the CSF at the end of the storage period.
verall, the results suggested that ethylene increased the solubility
f pectins in the albedo. The difference in the solubility of albedo
ectins between control and ethylene-treated fruit at long storage
(16 days) was  not only due to higher polyuronide extractability in
the ethylene-treated fruit, but also to a partial insolubilization in
control fruit. Intermediate levels of pectin solubility were found in
fruit treated with ethylene for 4 days and then transferred to air. The
moderate modification in cell wall solubilization in fruit discontin-
uously treated with ethylene, in which NCPP was  also reduced;
confirm that the responses induced by ethylene are influenced by
treatment duration [7]. In addition, it suggests that, besides the wall
changes, other mechanisms may  contribute to the protective effect
of ethylene reducing NCPP.

The WSF  and NSF were the richest fractions in NS in both the
albedo and the flavedo (Fig. 5). The levels in the NSF remained
nearly constant in both peel tissues during storage. A transient
increase in the NS levels was  found in the WSF  of the albedo and
flavedo of fruit maintained in ethylene after 12 days of storage
(Fig. 5A and B) when differences in NCPP incidence between control
and ethylene-treated fruit were evident. Such effect was also found
in the flavedo of fruit conditioned for 4 days with the hormone. After
16 days, ethylene-treated fruit maintained higher levels of water
and CDTA soluble NS in the albedo than the control fruit. These
results may  indicate an effect of ethylene on endo-enzymes cleav-
ing arabinans and galactans from rhamnogalacturan I; whereas the
subsequent decrease found by 16 days might be due to the potential

hydrolysis of this partially degraded polymer to monosaccharides
caused by exo-acting enzymes. Future work would be useful to
identify specific wall neutral sugars catabolized by ethylene expo-
sure in citrus peel.
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Fig. 6. Hemicellulose content of 1 M KOH-soluble (1KSF, A and B), 4 M KOH-soluble (4KSF, C and D) and �-cellulose (E and F) in albedo and flavedo tissue of ‘Navelate’ orange
fruit  at harvest (H) and during storage at 20 ◦C in air (control), in air after being conditioned with ethylene (EC) or in ethylene (E). Statistical analysis was  performed as
indicated in Fig. 4 legend.
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.4. Effect of ethylene on hemicellulose and ˛-cellulose contents
n the albedo and flavedo tissues

Relative content in the albedo was twice that of the flavedo both
t harvest and throughout the storage period (Fig. 6E and F). The
emicelluloses of the 1 M and 4 M KOH-soluble fractions did not
hange significantly in the flavedo during storage either in the con-
rol or ethylene-treated fruit (Fig. 6B and D). In contrast, ethylene
nduced changes in the hemicelluloses in the albedo. The NS content
n the 1KSF increased in the albedo of fruit held in ethylene for 12
nd 16 days, relative to fruit maintained in air (Fig. 6A). Likewise,
S levels showed an initial decreasing tendency in the 4 M KOH

oluble fraction (4KSF) in the albedo, although significant differ-
nces were not found between the control and the ethylene-treated
ruit (Fig. 6C). On the other hand, the cell wall residue showed a
ecreasing trend in the albedo of both control and ethylene-treated
ruits until day 12. Afterwards, a sudden increase of its content
as monitored in the albedo and flavedo of fruits exposed to any

reatment showing different NCPP index. Such increase could result
rom the insolubilization of polymers.
. Conclusions

Ethylene exposure decreased NCPP in ‘Navelate’ oranges. Con-
inuous storage under ethylene (2 �L L−1) did not increase pectin
deposition, but affected the cell wall composition and disassem-
bly, increasing the solubility of both pectin and hemicelluloses,
and also the UA content of the CSF, after long storage periods.
The effect was  more marked in the albedo than in the flavedo. The
moderate modification in cell wall solubilization in fruit discontin-
uously treated with ethylene, in which NCPP was also controlled,
suggests that additional mechanisms might be involved in the pro-
tection of cell collapse by ethylene. Further research is necessary
to determine whether or not the changes in wall disassembly or
in qualitative composition are involved in the reduction of NCPP
but certainly there is a temporal association between the protec-
tion against the disorder and cell wall remodelling. Overall results
encourage future research aimed to identify the generation of
active OGs as well as the changes induced in cell wall structural
proteins.
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