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Abstract: Exposure to surface moisture triggers cuticular microcracking of the fruit skin. In mango
fruit cv. apple, microcracking compromises postharvest performance by increasing moisture loss and
infections with pathogens. This study reports the effects of exposing the fruit’s skin to surface moisture
on the incidence of microcracking and on water vapor permeance. Microcracking was quantified
microscopically following infiltration with a fluorescent tracer. Water mass loss was determined
gravimetrically. Moisture exposure increased cuticular microcracking and permeance. During
moisture exposure, permeance increased over the first 4 d, remained constant up to approximately
8 d, then decreased for longer exposure times. Fruit development followed a sigmoid growth
pattern. The growth rate peaked approximately 103 days after full bloom. This coincided with the
peak in moisture-induced microcracking. There were no increases in water vapor permeance or
in microcracking in control fruit that remained dry. When experimental moisture exposure was
terminated, microcracking and water vapor permeance decreased. This suggests a repair process
restoring the barrier properties of the fruit skin. Histological analyses reveal a periderm forms
in the hypodermis beneath a microcrack. Our study demonstrates that surface moisture induces
microcracking in mango cv. apple that increases the skin’s water vapor permeance and induces
russeting.

Keywords: russeting; cuticle; microcracks; permeance; skin; periderm; wax

1. Introduction

Mango cv. apple (Mangifera indica L.) is an important commercial fruit crop in Kenya
but is prone to russeting. The russeted skins of cv. apple mangoes are typically brown,
rough and cracked, rendering them less attractive and thus worth less at point of sale,
despite their still excellent flavor [1]. Apart from mango, russeting also occurs in a wide
range of other fruit crop species including in Malus apples (Malus × domestica Borkh.) [2–4],
pears (Pyrus communis L.) [5,6], prunes (Prunus × domestica L.) [7], citrus (Citrus reticulata
Blanco × (C. paradisi Macf. × C. reticulate) [8,9], loquats (Eriobotrya japonica (Thunb.)
Lindl.) [10], tomatoes (Solanum lycopersicum L.) [11] and melons (Cucumis melo L.) [12,13]. In
anatomical terms, russet represents the formation of a ‘secondary skin’ in the hypodermis,
just below the epidermis. This secondary skin—a periderm—comprises phellem, phellogen
and phelloderm [14].

A large number of factors can induce russeting in fruit. These include excessive rates of
growth strain [15,16], exposure to surface moisture or even simply to high humidity [17–20],
extreme temperatures [10,21,22], excessive sunlight (duration × intensity) [23], mechanical
abrasion [7,12], some agrochemicals [16,24,25] and some pests and diseases [8,26,27].

Russeting has been studied extensively in Malus apple. The majority of these studies
have concluded that microcracks in the cuticle are the first visible signs of insipient rus-
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seting [28,29]. Microcracks are minute fissures in the cuticle that are invisible to the naked
eye. They are limited to the cuticle and are sufficiently shallow that they rarely penetrate
to the outer cellulosic cell walls of the epidermis [30]. Nevertheless, these microcracks do
significantly impair the barrier functions of the cuticle. In this way they facilitate invasion
by pathogens [31,32] and greatly increase rates of evaporative water loss [17,33].

In our initial studies on mango cv. apple, marked differences in the incidence of russet
were observed between different growing sites across Kenya [1]. Correlation analyses
revealed that the number of rainy days, temperatures (average, minimum and maximum)
and the number of cold nights were particularly conducive to russeting [1]. There was es-
sentially no russeting on fruit cultivated under warm, dry conditions. However, significant
russeting occurred in cooler and wetter climates [1]. The most likely explanation for these
observations is that moisture induces microcracking of the cuticle of mango cv. apple with
the microcracking being followed by the formation of a periderm.

The objective of this study was to establish the role of surface moisture in triggering
microcracking in the fruit skins of mango cv. apple. As mango is susceptible to another skin
disorder associated with increased rates of water loss, ‘shrivel’, we also quantified changes
in the water vapor permeance of the fruit skin following exposure to surface moisture.

2. Materials and Methods
2.1. Plant Materials

Mango fruits (Mangifera indica L.), cv. apple, grafted on an unclassified rootstock, were
obtained from a commercial orchard in Mwala, Kenya (1◦19′ S, 37◦26′ E). Fruit was grown
according to standard local practice.

2.2. Moisture Treatment

Developing fruits free of visual defects and selected for uniformity of size and color
were tagged. The fruit selected were thus representative for the population of fruit on the
tree. Moisture was applied locally to the surface of the fruit. Briefly, conical polyethylene
(PE) tubes (8 mm inside diameter) were cut from the tips of microcentrifuge tubes (Sarstedt,
Nümbrecht, Germany) and glued to the cheek of the fruit using a non-phytotoxic, fast-
curing silicone rubber (Dowsil™ SE 9186 clear sealant; Dow Toray Co., Tokyo, Japan)
(Figure S1A) [17]. For the moisture treatment, a tube was filled with distilled water through
a hole cut at the tip. The hole was then sealed with silicone rubber. All such tubes were
inspected every 2 to 3 days (d) and, if necessary, they were re-sealed to prevent leakage
of water. The moisture treatment was eventually terminated by carefully removing the
tube. An untreated area of skin on the opposite cheek of the same fruit served as control. In
some cases, the control area was enclosed by an identical PE tube but with no water added
(Figure S1B).

2.3. Transpiration Assays

Transpiration through the fruit skin was investigated using excised epidermal seg-
ments (ES) mounted in stainless steel diffusion cells (7 mm diameter) [34,35]. These ES
discs were excised from a moisture-exposed or a control skin area using a biopsy punch
(12 mm diameter; Kai Europe, Solingen, Germany). The cut (inner) surface of the ES was
blotted dry and immediately mounted in the diffusion cell using high-vacuum grease
(Korasilon-Paste; Kurt Obermeier, Bad Berleburg, Germany). Distilled water was injected
through the orifice in the base of the cell using a disposable syringe. Water loss from the
diffusion cell was restricted to the exposed top (outer) surface of the ES by sealing the
orifice in the base and the gap between the lid and the bottom part of the diffusion cell
using clear transparent tape (Tesa Film®; Tesa-Werke Offenburg, Offenburg, Germany).
The cells were turned upside down and held overnight to stabilize. The next morning, the
cell was placed on a metal grid above dry silica gel inside a PE box such that the exposed
(outer) ES faced the silica gel and the whole assembly was allowed to equilibrate for at least
one hour. Water loss was then quantified gravimetrically by repeated weighing of the cell



Horticulturae 2022, 8, 545 3 of 13

on an analytical balance (AUW220D; Shimadzu Corporation, Kyoto, Japan) every 2 h over
a 6–8 h period. The rate of water loss (F, g h−1) was estimated from the slope of a linear
regression through a plot of mass against time. The permeance (P, m s−1) of the ES was
derived from Equation (1).

P =
F

A× ∆C
(1)

In this equation, A is the area of the ES exposed in the diffusion cell (3.8 × 10−5 m2)
and ∆C the difference in water vapor concentration between the water vapor saturated
atmosphere inside the diffusion cell (23.07 g m−3 at 25 ◦C [36]) and the dry atmosphere
above the silica gel [34].

2.4. Microcracking

Microcracking was studied using the fluorescent tracer acridine orange [30]. The
cheek of the mango including the moisture-exposed or the untreated control area of skin
was dipped in 0.1% (w/v) aqueous acridine orange (Carl Roth, Karlsruhe, Germany) for
10 min. Following rinsing with distilled water (5–6 s) and blotting using soft tissue paper,
the fruit surface was viewed under a stereo microscope (MZ10F; Leica Microsystems,
Wetzlar, Germany) under incident fluorescent light (GFP LP filter, 480–440 nm excitation,
≥510 nm emission wavelength). Calibrated images of the moisture-exposed or control skin
areas were prepared (Camera DFC7000T; Leica Microsystems). Four images per fruit, per
treatment were taken from a total of 8 to 10 fruit. The area infiltrated by the dye as indexed
by the area exhibiting yellow-green fluorescence was measured by image analysis (ImageJ
1.53F51; National Health Institute, Bethesda, MD, USA). All images were processed using
the same settings and color thresholds.

2.5. Experiments

The time course of microcracking was established using detached fruit. The portion of
the fruit surface that was earlier inspected for microcracks was immersed in distilled water
for 0, 6, 24 or 48 h to induce microcracking. Fruit used as controls remained dry. Thereafter,
microcracking was quantified as described above.

The time course of microcracking was determined on fruit that remained attached
to the tree. At 53 days after full bloom (DAFB), a small area of the fruit surface was
exposed to moisture for 0, 4, 8, 12 or 16 days. The untreated opposite side of the same fruit
served as the control. Microcracking and water vapor permeance were quantified after
moisture removal.

The developmental time course of change in fruit mass, fruit surface area, moisture-
induced microcracking and permeance to water vapor was investigated. Fruits were
harvested at different stages of development in the mornings and processed on the same day.
Fruit mass (TX420L; Shimadzu), height and the two orthogonal diameters in the equatorial
plane were measured (digital caliper CD-20PKX; Mitutoyo, Kawasaki/Kanagawa, Japan).
Fruit surface area was calculated from the measured dimensions assuming a spherical
shape. A sigmoid regression curve was fitted through a plot of fruit surface area against
time. The surface growth rate was calculated from the first derivative of the regression
model. The effects of moisture exposure on microcracking and on water vapor permeance
were studied following 8 d of exposure to moisture starting at 33 DAFB. Microcracking and
water vapor permeance were quantified as described above. The opposite side of the same
fruit was left untreated and served as control.

The time course of change in microcracking and water vapor permeance after termi-
nation of moisture exposure was investigated. The fruit surface was exposed to moisture
for 8 d at 72 DAFB. Fruit were harvested at 0, 7, 15 or 30 days after moisture exposure had
been terminated (DAT). Microcracking and skin permeance were quantified as described
above. The opposite side of the same fruit was left untreated and served as control.

To distinguish any effects of mounting a PE tube on the fruit surface from those of
moisture exposure, an experiment was established that compared the following treatments:
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‘untreated’ control (no tube, no moisture), ‘open tube’ (tube, no moisture) and ‘moisture
treatment’ (tube, moisture). For the ‘open tube’ treatment a cylindrical tube that had
the same diameter as the one used for moisture exposure was used. The tube was short
to limit any build-up of moisture or high humidity inside the tube. The tubes in the
latter two treatments were removed from the surface after 16 days and the treated areas
of skin marked using a permanent marker. At maturity, the surface was photographed.
Tissue blocks were excised from the treated areas and fixed in Karnovsky solution for
histological analysis [37]. Using image analysis (Image J), the russeted area was calculated
as a percentage of the tube footprint area exposed to moisture. For the controls without a
tube, the average area of the tube footprint was used as an estimate of the exposed area.

2.6. Histology

Tissue blocks previously fixed in Karnovsky solution [37] were rinsed with deionized
water. Small sections (5 mm × 2 mm × 2 mm) of these blocks were cut by hand using
a razor blade and kept overnight in 70% ethanol at 4 ◦C. The blocks were then vacuum
infiltrated in a series of alcohol solutions of increasing concentration (70, 80, 90, and 96%
v/v ethanol and then 100% isopropanol). The blocks were then treated with xylene sub-
stitute (AppliClear; PanReac Applichem, Münster, Germany) and thereafter with a 1:1
xylene-substitute: paraffin mixture before embedding in melted paraffin. Embedded blocks
were cooled above ice and stored at 4 ◦C until use. Cross-sections of 10 µm thickness were
cut using a microtome (Hyrax M55; Carl Zeiss, Jena, Germany), mounted on a microscope
slide over a water bath at 40 ◦C and oven-dried overnight at 40 ◦C. Prior to staining, the
sections were washed in xylene substitute before rehydrating in a series of decreasing
ethanol concentration (96, 80, 70, 60% v/v ethanol and deionized water). Staining was done
for a minimum of 1 h using 0.005% (w/v) fluorol yellow 088 dye (Santa Cruz Biotechnology,
Dallas, TX, USA) made up by dissolving in a hot mixture of polyethylene glycol (PEG)
4000 (50% w/v; SERVA Electrophoresis; Heidelberg, Germany) and 45% v/v glycerol and
5% deionized water. Following rinsing with deionized water, the microscope slides were
placed on the stage of a fluorescence microscope (BX-60; Olympus Europa, Hamburg, Ger-
many), examined under incident bright and fluorescent light (U-MWU filter, 330–385 nm
excitation, ≥420 nm emission wavelength; Olympus) and photographed (DP73; Olympus).

2.7. Data Analyses

Data symbols in figures represent the means ± standard errors. Analyses of vari-
ance and correlation analyses were conducted using the statistical software package SAS
(Version 9.1.3; SAS Institute, Cary, NC, USA).

3. Results

Moisture exposure increased microcracking of the cuticle as indexed by the increase
in area infiltrated with acridine orange compared to that of the untreated control. The
fluorescing area was initially low but then increased rapidly, reaching an asymptote within
48 h of moisture exposure. There were no changes in the fluorescing areas of the untreated
controls (Figure 1).

Quantitatively similar data were obtained for longer exposures to moisture. The
percentage infiltrated area was significantly larger following moisture exposure for 8 to 16 d
compared to the unexposed controls. There were no significant changes in infiltrated area
in the controls (Figure 2A). The amount of water transpired increased linearly with time
and was significantly higher in the moisture-exposed areas than in the untreated control
areas (Figure 2B). The permeance of the fruit skin to water vapor increased until 4 d of
moisture exposure, then remained approximately constant up to 8 d. For longer exposure
times skin permeance decreased (Figure 2C). Skin permeance was significantly higher for
the water-exposed areas than for the control areas at all times. There were no significant
changes in skin permeance in the untreated controls.
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Figure 1. Effect of moisture exposure of the surface of fruit of mango cv. apple on microcracking
of the cuticle. The fruit surface was exposed to surface moisture for 0, 6, 24 or 48 h. An untreated
surface remained dry and served as the ‘control’. Microcracking was visualized by infiltration with
aqueous acridine orange. N = 10. Scale bar 1 mm.
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Figure 2. (A) Time course of change in moisture-induced cuticular microcracking of fruit of mango
cv. apple. (B) Time course of water loss through moisture-exposed fruit skins. Skins not exposed to
moisture served as controls. The fruits were exposed to moisture for 8 d beginning at 53 days after
full bloom (DAFB). (C) Time course of change in the water vapor permeance of the fruit skin during
moisture exposure. Fruit was exposed to moisture for 4, 8, 12 and 16 d. Microcracking was indexed
by quantifying the area infiltrated with aqueous acridine orange. Fruit surfaces that remained dry
served as controls. N = 40 (microcracks) and 13–15 (permeance). Data represent the means ± SE.

The increase in mass and surface area of developing fruit of mango cv. apple followed
a sigmoid pattern (Figure 3A). The growth rate in surface area peaked at approximately
103 DAFB (Figure 3A, inset). The peak in growth rate at 103 DAFB coincided with a
peak in microcracking, as indexed by the areas infiltrated with the fluorescent tracer
(Figure 3B). There was only a slight increase in infiltrated surface area in the untreated
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control fruit during fruit development (Figure 3B). The change in permeance to water
vapor essentially paralleled the change in tracer infiltrated area (Figure 3C). Permeance was
higher in moisture-treated ES compared to control ES, irrespective of developmental stage
(Figure 3C). There was a significant and positive linear correlation between the permeance
of the fruit skin to water vapor and the percentage of surface area infiltrated with acridine
orange (Figure 3D).
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Figure 3. Developmental time course of change in fruit mass and surface area of mango cv. apple
(A), microcracking following moisture exposure (B) and permeance to water vapor (C) following
8 days exposure to surface moisture. (D) Relationship between permeance to water vapor and
microcracking (D). Untreated surfaces served as controls. Microcracking was indexed by quantifying
the area infiltrated with acridine orange. X-axis scale in A, B and C is days after full bloom (DAFB).
N = 20 (mass and surface area), 40 (microcracking) and 13–15 (permeance). Data represent the
means ± SE. Significance of coefficients of determination (r2) at p ≤ 0.01 is indicated by **.

The time course of change in infiltrated area and in skin permeance after moisture
exposure was terminated revealed a decrease in both infiltrated area and in permeance.
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The area infiltrated and the permeance were both higher in moisture-exposed areas than in
unexposed control areas (Figure 4).
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Figure 4. Time course of changes in microcracking (A) and permeance to water vapor (B) of fruit
skin of mango cv. apple after 8 days exposure to moisture. X-axis scale in days after treatment
(DAT). At 72 days after full bloom, the cheek of the developing fruit was exposed to moisture for 8 d.
Thereafter, the time course of change in microcracking and permeance after moisture termination was
followed. Unexposed fruit surfaces served as controls. N = 40 (microcracking) and 12 (permeance).
Data represent the means ± SE.

Histological analyses revealed that the brownish appearance of the skin was due
to the formation of a periderm in the hypodermis of the moisture-exposed areas of skin
(Figure 5I,J). There was no evident periderm in the unexposed skin areas (Figure 5A–F).
Moisture-exposed skin areas developed a rough, brownish appearance (Figure 5G).

The areas affected by periderm were consistently and significantly larger in moisture-
exposed areas of skin than in unexposed (control) areas and were unaffected by merely
attaching a tube to the skin surface (i.e., with no added water) (Table 1).
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Figure 5. Images of mature fruits of mango cv. apple (A,D,G) and histological micrographs of
moisture-treated and control fruit skin taken under bright (B,E,H) and incident fluorescent light
(C,F,I) as affected by a surface moisture treatment (see text for details). Control fruit (no tube attached,
not exposed to moisture) (A,B,C), open tube (tube attached but not exposed to moisture) (D,E,F) and
moisture-treated fruits (tube attached and exposed to moisture) (G,H,I) and enlarged micrograph
of moisture-treated skin (J). Fruit was exposed to surface moisture by attaching a tube filled with
distilled water to the fruit surface for 16 days at 53 days after full bloom (DAFB). Untreated fruit and
fruit with an open tube attached that remained dry served as controls. At the end of the treatment
period, tubes were removed and fruits were left to grow to maturity. The red circle identifies the area
previously enclosed by the plastic tube. N = 18–20 (whole fruits) and 3 (histology). The scale bars are
20 mm (A,D,G), 100 µm (B,C,E,F,H,I) and 50 µm (J).

Table 1. Effect of exposure to surface moisture on the russeting of fruit of mango cv. apple. Fruit
was exposed to surface moisture by attaching a short plastic tube filled with distilled water to the
fruit surface for 16 d at 53 days after full bloom. Untreated fruit (control) and fruit with an open tube
attached (open tube, no water) served as controls. Tubes were removed after 16 d and the fruits left
to grow to maturity. Russeting was estimated by expressing the area russeted as a percentage of the
area of the footprint of the tube. N = 18–20.

Treatment Area Russeted (%)

Untreated fruit 1.3 ± 0.2 a
Open tube, no moisture 1.3 ± 0.2 a
Closed tube, moisture 20.2 ± 3.9 b

Mean separation by Tukey Studentized range test, p≤ 0.05. Means followed by the same letter are not significantly
different. Data represent the means ± SE.

4. Discussion

In our discussion, we focus on (1) the effect of surface moisture on microcracking and
russeting in the fruit of mango cv. apple and (2) the increase in skin permeance to water
vapor in association with this microcracking.
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4.1. Surface Moisture Induces Microcracking and Russeting in Mango cv. Apple

We observed increases in microcracking and russeting following exposure of the
fruit surface to moisture. This observation is consistent with reports for many fruit crop
species [16,17,19,38]. It is also consistent with reports where surface moisture is absent
due to the fruit growing in a dry climate [1,39–41] or in a protected environment [42]
or in a bag [43,44] installed to prevent russeting. The level of microcracking in mango
cv. apple was, however, low compared with the levels in many other fruit crop species.
Nevertheless, levels of microcracking were sufficient to trigger localized russeting in the
moisture-exposed areas of the skin. The process of russeting in mango cv. apple is therefore
generally similar to that described for Malus apples [17,19,38].

Just why surface moisture induces microcracking is not clear. Several factors are
likely involved. First, the rheological properties of a cuticle are affected by hydration.
For hydrated cuticle, the strain at fracture increases but stiffness and fracture force both
decrease [45–47]. The net effect of these rheological changes is a weaker cuticle.

Second, exposure to moisture may cause swelling of cell walls in the fruit skin. This
reduces cell-to-cell adhesion [48]. It is the epidermal and hypodermal cell layers, not the
cuticle, that represent the main structural component of a fruit skin [46,49]. Hence, cell
wall swelling renders a hydrated skin mechanically weaker. The appearance of cuticular
microcracking is the first sign that the skin is about to fail [49].

Third, reduced rates of cutin and wax deposition have recently been reported in
moisture-exposed skins [19,38]. This reduction has been attributed to a down-regulation of
the genes involved in cutin and wax synthesis and deposition. Because wax acts as a filler
that ‘fixes’ elastic strain in an expanding cutin matrix [50,51], decreased wax deposition
makes cuticle failure more likely, i.e., more elastic strain builds up during expansion growth
because it remains un-fixed. The opposite is also true, namely that the deposition of cutin in
the cuticle’s inner surface (abutting the cell wall) fixes the elastic strain thereby decreasing
the likelihood of failure [52].

Fourth, growth causes the stretching (strain) that predisposes the cuticle to failure
(microcracking). In pear, growth strain has been shown to trigger russeting [5] and this
russeting is also preceded by microcracking [16,28,29]. Growth strain also seems to be in-
volved in microcracking in mango cv. apple, with peak surface growth rate, coinciding with
peak microcracking. A positive correlation between the severity of cuticular microcracking
and fruit size has also been demonstrated in peach—particularly during the rapid growth
phase [53]. In pear, the occurrence and severity of microcracking depend on the relative
growth rate. The strongly tapered pear fruits showing more severe microcracking in the
cheek region (larger diameter) than in the neck region (smaller diameter) [5,54]. Finally, the
occurrence of microcracks immediately above the anticlinal walls of the epidermal cells of
the fruit skin in Malus apple has been attributed to the high stress concentrations in this
region [55].

Taken together, all these arguments demonstrate that mango cv. apple responds to the
presence of moisture on the skin surface in a manner very similar to that already determined
for Malus apple but at a somewhat reduced level. It is interesting that, after termination of
moisture exposure, the infiltration of microcracks by acridine orange gradually decreased
to control levels. The most plausible interpretation of this observation is that microcracks
successfully ‘healed’. We suggest that this is likely the result of the deposition of new
wax material in these microcracks [17,19]. The filling of microcracks restored the barrier
properties of the cuticle. The mechanical properties of a microcracked cuticle are likely to
remain unaffected by the filling. Direct visual evidence for wax filling of microcracks has
been published for Malus apples [56,57]. In addition, in Malus apple, a periderm may be
formed following microcracking. This apparently was also the case in mango cv. apple at
maturity. Like in Malus apple, a surface with periderm (russet) has a higher permeance to
water vapor in mango cv. apple than a non-russeted surface (no periderm) [1].

In Malus apple, the complex growth processes involved in the formation of this new
cellular tissue layer are possibly triggered by an increase in the partial pressure of O2 just
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inside the skin [58,59]. The periderm thus formed partially restores the barrier properties
of the microcracked skin, so hindering penetration by the fluorescent dye [15] and reducing
the skin’s permeance to water vapor [17]. Malus apple and mango cv. apple are similar in
this respect.

4.2. Microcracking Increased Skin Permeance to Water Vapor

Microcracks compromise the barrier functions of the cuticle. Throughout development,
mango cv. apple fruit skins exposed to moisture had increased permeance compared to
control fruit. This observation is also consistent with earlier findings for Malus apple [17,54].
A microcrack represents an enhanced pathway for water diffusion that is in parallel with
those through nearby stomata, lenticels and through the undamaged cuticle itself. It was
not possible to quantify the relative contributions of these parallel pathways to total skin
permeance in mango cv. apple for two reasons: (1) the water vapor permeance of the fruit
skin was highly variable both from fruit to fruit and also from area to area on the surface of
a fruit and (2) the limited range in variability of stomatal and lenticellular density (numbers
per unit area).

5. Conclusions

The fruit of mango cv. apple responds to exposure to surface moisture by microcrack-
ing and russeting in much the same way as has already been established for the fruit of
Malus apple. However, compared with Malus apple, both microcracking and dye infiltra-
tion are reduced. Based on the behavioral similarity of the responses of these two fruits to
surface moisture, it is considered likely that measures that hinder the deposition of surface
moisture on the fruit surface will be effective in reducing the incidence of microcracking
and, hence, russeting. These measures include the bagging of fruit using special bags that
are sufficiently permeable to water vapor as to prevent the build-up of a high humidity
within, while also preventing direct contact with liquid water from outside (rain, dew, mist,
condensation). Similarly, the application of gibberellins which has been shown effective in
reducing russeting in Malus apples [41,60]. Given the importance of mango cv. apple to the
Kenyan market, both these two potential avenues for russet mitigation merit further study.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/horticulturae8060545/s1, Figure S1: (A) Illustration of moisture application
to the surface of a developing mango fruit. A polyethylene (PE) tube was mounted on the surface
using silicone rubber and filled with distilled water. (B) Empty open PE tube or surface area on the
opposite side that were used as controls.
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