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Effect of storage conditions on the development of lenticel disorders was evaluated for two potato cultivars. Tubers
were harvested at maturity, 3 weeks after vine kill. Tubers were stored for 12 days at 10 °C or 20 °C, and low (65%)
or high (95%) relative humidity (RH). The highest incidence of the enlarged lenticel disorder was observed in tubers
from both cultivars stored under high RH. Enlarged lenticels on ‘Red LaSoda’ stretched diagonally into oval shapes,
while those on ‘Fabula’ remained round. The halo disorder occurred at 20 °C/low RH in both cultivars, with halos appearing as dark areas surrounding the lenticel aperture. The critical time for the development of the enlarged lenticel
disorder was 3 days into storage. Characterization of lenticel suberization indicated that increased suberin deposition
may be a response to stress such as lenticel enlargement.

In their normal state, lenticels appear as tiny slits across the
tuber surface, permitting gaseous exchange necessary for respiration. Enlarged lenticel disorder is a physiological disorder
affecting potato (Solanum tuberosum L.) periderm and is known
to be caused by excessive moisture conditions, where high soil
moisture levels have induced proliferation of lenticel filling cells,
enlarging the aperture. The proliferated or hypertrophied lenticel
cells appear on the tuber surface as white spots. When triggered by
excessive moisture, this condition is commonly known as water
spots or water scab (Lulai, 2001). Enlarged lenticels can also turn
darker during storage (Eddins et al., 1946).The tissue immediately
surrounding the lenticel aperture may also rise, forming a “halo”
around the lenticel aperture (halo disorder). Synthesis of suberin
actively prevents dehydration of the internal tissues and seals off
the enlarged lenticel aperture. However, the suberized closing
layer can be ruptured when the cells beneath it proliferate under
unfavorable conditions. Although most authors agree that enlarged
lenticel disorder develops under high humidity or oxygen depleted
environments, there has been limited research on how the disorder
progresses and which conditions favor lenticel suberization. The
goal of this research was to characterize how the lenticel disorders
develop in two of the most commonly grown table stock potato
varieties, and analyze lenticel suberization. This knowledge will
help growers to better understand how the disorders develop in
field and storage conditions, and can be the first step in finding
ways to prevent or minimize the disorder.
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Materials and Methods
Tuber material and storage conditions. Two table stock
potato cultivars, ‘Fabula’ (tan epidermis; yellow pulp) and ‘Red
LaSoda’ (red epidermis; white pulp), were grown in the spring
season of 2010 at the University of Florida, IFAS, Plant Science
and Education Unit, Yelvington Farm in Hastings, FL. Tubers
were harvested at maturity, 3 weeks after vine kill. Tubers were
hand-washed and fan-dried to eliminate surface moisture. They
were then stored for 12 d at 10 °C or 20 °C, under low (65%) or
high (95%) relative humidity (RH).
Characterization of enlarged lenticel and halo disorders. For each freshly dug tuber, an area with the initial average
lenticel diameter not exceeding 1.0 mm was marked out and
tracked throughout the 12 d in storage. Every 3 d each tuber was
assigned a rating using the average diameter of the lenticels or
halos. Rating was done using a subjective scale for lenticels and
halos, with the ratings ranging from 1 to 6. Tubers with indistinct
lenticels were rated 1, while those that had clearly enlarged lenticels with average diameters >2.0 mm were rated 6.
Lenticel suberization. Plant tissue samples were collected
before and after 12 d storage at 10 °C or 20 °C, under high RH.
Using a sliding microtome (DK-10 model), 10-µm sections were
cut and immediately transferred into FAA (50% ethanol, 5%
glacial acetic acid, 10% formalin, and 35% deionized water).
Tissue sections were stained with 1% w/v Safranin O solution
(Sigma Chemicals, St. Louis, MO) and counterstained in 0.15%
w/v Fast Green FCF solution (Sigma Chemicals), according to
standard procedures by Johansen (1940). The procedure allows
analysis of suberized cells by staining them into an intense red
color. The stained sections were examined using standard light
microscopy (Olympus BX51), and light micrographs were taken
with a digital camera system (10× magnifications). The depth of
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suberized lenticel cell layers and immediate surrounding periderm
measured with a caliber fixed in the microscope lens eye.
Statistical analysis. The experiment was conducted using
a 4 × 2 × 2 factorial design. Data were transformed to arcsine
values and analyzed using PROC GLM with SAS Software for
PC (Institute Inc., Cary, NC). Significant differences (P < 0.05)
between treatment means were separated using Duncan’s Multiple Range Test.
Results and Discussion
This study confirmed the role of high humidity conditions
in triggering the enlarged lenticel disorder. A fair amount of
rainfall had been received during the 2009–2010 season, and
therefore the growing season was marked by wet soils. The high
moisture caused the lenticel filling cells to proliferate, appearing
as loosely packed cells, and increasing the lenticel aperture on
freshly dug tubers. In storage, enlarged lenticels were observed
in the high humidity conditions for both cultivars. The highest
increase in severity of the enlarged lenticel disorder in ‘Fabula’
tubers was observed in the 10 °C and 20 °C, 95% RH, where
the mean lenticel rating increased by 0.8 points and 0.6 points,
respectively (Table 1) over the 12 d in storage. The low vapor
pressure deficit in 20 °C, 95% RH also triggered the development
of the disorder in ‘Red LaSoda’ (Table 2). These results confirm
those of Lulai (2001) that enlarged lenticels are more likely to
develop under high humidity conditions. In storage, the enlarged

lenticel disorder appeared as an enlarged aperture with a flat or
slightly raised plateau, without any proliferation of the filling
cells, confirming what had been observed by Bezuindenhout
(2005). However, there were differences in the way in which
the lenticel aperture increased in each variety. In ‘Red La Soda’,
the aperture stretched out diagonally into oval shapes, while in
‘Fabula’ enlarged lenticels remained round in shape. The critical
time for the development of the enlarged lenticel disorder was 3
days into storage, as the highest mean lenticel rating for most of
the affected tubers was observed by that time. The halo disorder
appeared mainly as darkened areas of the periderm immediately
surrounding the lenticel aperture at 20 °C, 65% RH for both cultivars. The darkening of the halos was likely due to accumulation
of phenol compounds as storage progressed. A similar case was
reported in the lenticels of avocado fruit (Everett et.al, 2008).
Although a fruit, avocado lenticels have similar morphologies to
those of potato lenticels—both are comprised of loose complimentary cells. In the case of avocado lenticels, the lenticel cell
expansion caused the cell membranes to rupture and produce
phenolic compounds. An increased thickness in suberized lenticel cells was observed at the end of 12 d storage in the lenticels
which had enlarged, suggesting that lenticel enlargement during
storage enhanced suberization (Fig. 1 A and B). The full effect of
the lenticel disorders on suberization remains to be determined.

Table 1. Average enlarged lenticel ratings of ‘Fabula’ potato stored for
12 d in four storage treatments.
Storage
Avg lenticel ratingz
Temp
RH
Storage time (days)
(°C)
(%)
0
3
6
9
12
10
65
2.5 aAy 3.1 aA
3.1 aA
3.1 aA
3.1 aA
		
95
2.7 aB
3.5 aA
3.5 aA
3.4 aA
3.4 aA
20
65
2.7 aA
3.2 aA
3.2 aA
3.2 aA
3.2 aA
		
95
2.4 aB
3.0 aA
3.0 aA
3.1 aA
3.1 aA
Rating for lenticels: 1 = no visible lenticels; 6 = diameter greater than
2.0 mm.
yMeans within a column followed by the same small letter at each given
storage time, or by the same capital letter within a row at the same level
of storage condition do not differ significantly according to Duncan’s
Multiple Range Test at 5% level (n = 20).
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Fig 1. Suberized ‘Red LaSoda’ lenticels from after 12 days storage (20

viewed under a light microscope (magnification 10X). A) Small lentic
Table 2. Average lenticel ratings of ‘Red LaSoda’ potato stored for 12
d in four different storage treatments.
Storage
Avg lenticel ratingz
Temp
RH
Storage time (days)
(°C)
(%)
0
3
6
9
12
10
65
2.4 aBy 2.9 aA 2.9 aA 3.0 aA
2.9 aA
		
95
2.3 aB 2.8 aA 2.8 aA 2.9 aA
2.9 aA
20
65
2.4 aB 3.0 aA 3.0 aA 2.6 aAB 2.6 aAB
		
95
2.1 aB 2.6 aA 2.6 aA 2.9 aA
2.9 aA

thickness approx. 37 µm), B) Enlarged lenticel, rating 4, 5, or 6 (suber
µm).

Rating for lenticels: 1 = no visible lenticels; 6 = diameter greater than
A
B
2.0 mm.
yMeans within a column followed by the same small letter at each given
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a light microscope (magnification 10X).
A) Small
lenticel,
rating 2zone
or 3thickness
(suberized
zone 37 µm); (B)
Multiple Range Test at viewed
5% levelunder
(n = 20).
z

enlarged lenticel, rating 4, 5, or 6 (suberized zone thickness approximately 90 µm).

thickness approx. 37 µm), B) Enlarged lenticel, rating 4, 5, or 6 (suberized zone thickness approx. 90
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µm).
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