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Abstract Global consumption of potato (Solanum tuber-
osum L.) continues to shift from fresh potatoes to value-
added processed food products such as potato chips. One
serious tuber quality defect of chipping potatoes is stem-end
chip defect, which results in chips with dark-colored vascu-
lature and adjacent tissues at the tuber stem end after frying.
In this study, treatments of moderate water deficit for
14 days, alone or in combination with moderate daytime
heat stress at 30 °C, as well as varied chemical maturity of
tubers at harvest were imposed in controlled-environment
greenhouses. Only temperature stress for 14 days in 1 of
2 years significantly changed the occurrence of stem-end
chip defects. Water deficit for 14 days and chemical matu-
rity of tubers harvested at four time points from early tuber
bulking to after vine senescence did not have significant
impacts on defect incidence or severity. Biochemical analy-
ses showed that more severe defects with larger areas of
dark color on the stem end of chips were associated with
increased amounts of tuber stem-end glucose and increased
stem-end acid invertase activity. We conclude that moderate
environmental stresses and maturity of tubers at harvest are
not sufficient to consistently cause stem-end chip defect.

Resumen El consumo global de papa (Solanum tuberosum L.)
continúa cambiando de papa fresca a productos alimenticios

procesados de valor agregado, tales como las papas fritas. Un
defecto serio en la calidad de tubérculo de papas para frituras es
el de hojuelas del extremo del tallo, que resulta con los haces
vasculares y tejidos adyacentes oscurecidos en el extremo de
unión con el tallo después del freído. En este estudio se estable-
cieron, en invernaderos con ambiente controlado, tratamientos
de déficit moderado de agua por 14 días, solos o en combinación
con agobio térmico moderado durante el día a 30 °C, así como
con diversa madurez química de tubérculos en la cosecha.
Únicamente el agobio por temperatura durante 14 días en
uno o dos años cambió significativamente la presencia de los
defectos del extremo del tallo. El déficit hídrico por 14 días y
la madurez química de los tubérculos cosechados en cuatro
etapas a partir de la tuberización temprana y hasta la senectud
del follaje, no tuvieron impactos significativos en la incidencia
o severidad del defecto. Los análisis bioquímicos mostraron
que los defectos más severos con áreas más grandes de oscu-
recimiento en las hojuelas del extremo de unión con el tallo,
estuvieron asociados con aumento en las cantidades de glu-
cosa en el extremo del tubérculo en unión con el tallo y con
incremento en la actividad de la invertasa ácida en esa parte.
Concluimos que agobios ambientales moderados y la madurez
de los tubérculos al momento de la cosecha no son suficientes
para causar, consistentemente, el defecto de la hojuela del
extremo de unión al tallo.
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Introduction

Processing potatoes must meet rigorous quality standards.
Blemishes on chips or fries result in defects as they are
undesirable to consumers and this may cause raw product to
be rejected at processing facilities (Iritani 1981; Kleinkopf
1979; Shallenberger et al. 1959; Thompson et al. 2008).
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Stem-end chip defect is a serious quality concern for chipping
potatoes that is characterized by dark-colored vasculature at
the basal end, or stem end, of the tuber. A larger dark area
predominantly inside of the vascular ring is often associated
with the defect. Discoloration of vascular tissue alone does not
typically lead to rejection of stem-end chip defect potatoes,
but if the tuber tissue inside of the vascular ring fries dark, this
can be rated as a defect (Bussan et al. 2009a).

Stem-end chip defect occurs erratically and with varying
severity across years and locations. In some years, tubers
with stem-end chip defect are widespread and common. In
2006 and 2011, stem-end chip defect was observed from
Texas to the Upper Midwest. In 2010 it was prevalent in the
Upper Midwest, but much less common elsewhere. Stem-
end chip defects vary regionally year to year affecting
between 5 % and 25 % of the crop on an annual basis
(personal communication with USPB chip committee).

The localized nature of the defect, with predominant
occurrence within 1 to 2 cm of the stem end of the potato,
creates challenges in detecting the problem by current sam-
pling techniques. Chip producers monitor tuber sugar con-
centrations of potatoes during late season growth to evaluate
chemical maturity and identify optimal harvest time to max-
imize quality out of the field and in storage (Herrman et al.
1995; Sowokinos 1978). Potatoes are also monitored during
early storage to precondition tubers for optimal long-term
storage (Bussan et al. 2009b). Current methodology based on
sampling and analysis of entire tubers may not detect potential
for stem-end chip defects. Thus potato tubers that should fry
well based on low sugar concentrations during sampling have
dark color after frying on the stem end of chips and risk of
rejection at the chipping plant (Bussan et al. 2009a).

Stem-end chip defect has similarities with sugar-end defect
of fry processing potatoes, most notably, a localized dark fried
color at the stem, but not bud end of the tuber. Sugar-end
defect potatoes are typified by high amounts of reducing
sugars at one end of the tuber (Thompson et al. 2008). The
dark color at the stem end of sugar-end defect potatoes results
from the Maillard reaction where reducing sugars react with
free amino acids during frying to produce dark-colored pig-
ments (Gould and Plimpton 1985; Shallenberger et al. 1959).
Sugar-ends develop in response to stress such as moderate
heat and drought stress at the early tuber bulking stage (Hiller
and Thornton 1993; Iritani 1981, 1987; Iritani and Weller
1980; Kincaid et al. 1993; Kleinkopf 1979; Shock et al.
1992, 1993). Plant stress is also thought to be involved in
stem-end chip defect formation, but there is little agreement as
to the type of stress or the stage of crop growth that is most
sensitive to development of the defect (Bethke et al. 2009).
Another factor potentially contributing to the development of
stem-end chip defect is the chemical maturity of the potato
tubers when harvested. For processing and chipping potatoes
intended for long-term storage, the sucrose concentration at

chemical maturity is typically less than 1.0 mg g−1 fresh
weight (Bussan et al. 2009b). Sowokinos (1978) demonstrated
the influence of chemical immaturity on accumulation of
sugars in tubers and formation of dark pigments in chips.

The erratic occurrence of stem-end chip defect in produc-
tion fields and during post-harvest storage has made it
difficult to conduct research on this important quality defect.
Identifying environmental conditions or cultural manage-
ment practices that cause defect formation would improve
the ability to anticipate when defects are likely to occur, and
select germplasm resistant to defect formation. These
experiments were designed to test several putative causes
of stem-end chip defect. Being able to create defects exper-
imentally would enable more efficient research on defect
development and changes in storage.

A two-year project was conducted in the UW-Madison
Biotron in 2008 and 2009 with the objective of documenting
the influence of moderate water deficit, alone or in combi-
nation with elevated daytime temperature during early or
late tuber bulking, chemical maturity of tubers at harvest,
and post-harvest storage of tubers on the incidence, severity
and underlying biochemistry of stem-end chip defect.

Materials and Methods

Plant Growth Certified seed potatoes of cultivar FL1879
were cut and suberized prior to planting in 20 L pots filled
with Metromix 366P soil (Sun Gro Horticulture, Bellevue,
WA). FL1879 was chosen because it is a widely-grown
chipping potato in which stem-end chip defects have been
observed at harvest and in storage. Plants were grown in
temperature-controlled greenhouses with 22 °C/18 °C day/
night temperatures set at 5:00 am and 9:00 pm. A minimum
day length of 12 h (6:00 am to 6:00 pm) was provided by
natural illumination supplemented by sodium vapor lights as
needed to keep photosynthetically active radiation above
500 μM m−2•s−1. Plants were watered with two drip irriga-
tion lines fed by time-activated pumps. One quarter-strength
Hoagland’s solution was supplied for 1 to 3 min at 7:00 am,
1:00 pm, and 6:00 pm under normal irrigation treatments.
Watering-period duration was adjusted to accommodate
plant growth and specific stress treatment. Soil water con-
tent for non-stressed controls was kept high by irrigating to
field capacity at each watering. Pots were outfitted with wire
mesh cages that forced plant growth upward and prevented
tangling of vines.

Stress Treatments Stress treatments included elevated day-
time temperature and varying soil water availability at early
or late potato growth stages. Mean tuber size from control
plants at the end of the early and late stress periods were
94 g and 312 g, respectively, in 2008 and 76 g and 257 g,
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respectively, in 2009. For each stress period, control and treated
plants were moved to one of two additional greenhouses.
Daytime temperatures were either 22 °C from 5:00 am to
9:00 pm or 30 °C from 5:00 am to 9:00 pm. The nighttime
temperature for all treatments was 18 °C. At both daytime
temperatures, soil temperature measured at 20 cm under the soil
surface consistently tracked with the ambient air temperature.
Plants were irrigated at two rates, non-stressed control and
moderate water stress, corresponding to target soil water poten-
tials of greater than −5 kPa and −20 kPa to −85 kPa. Soil
moisture status in 1 or 2 representative pots was monitored
every 15 min using Watermark model 200SS sensors
(Irrometer, Riverside, CO) and TDR probes (Model CS616,
Campbell Scientific, Logan, UT) attached to a Campbell
Scientific CR10 datalogger with multiplexers (Campbell
Scientific). These data were used to guide decisions on when
to irrigate. Plants were watered lightly when soil water poten-
tials fell below −60 kPa or when leaves began to show signs of
wilting. Heterogeneity in soil moisture was observed as soils
dried, and measured soil moisture contents were considered to
be estimates of soil moisture status. Soil temperature was
monitored using buried thermocouples attached to the same
dataloggers.

The morning watering was omitted on days when tubers
were harvested. At the end of each stress period in 2008 or
2009, three tubers from each plant and three plants from each
combination of treatments were harvested and sampled. Plants
that were not harvested immediately were watered to field
capacity and subsequent irrigation was identical to that for
control plants. In 2008, stress periods occurred 36 to 50 days
after planting (DAP, first stress period/early stress period), and
58 to 72 DAP (second stress period/late stress period). In
2009, stress periods occurred 45 to 59 DAP (first stress
period), and 68 to 82 DAP (second stress period). Nine plants
were treated with each combination of watering rate and
temperature for both stress periods. After the second stress
period, tuber chemical maturity was varied by continuing to
water some plants with one quarter-strength Hoagland’s solu-
tion to delay chemical maturity while other plants were
watered with reverse osmosis (RO) water to encourage matu-
ration and vine senescence. Final harvest in 2008 was 154
DAP, and 156 DAP in 2009. Post-harvest sampling occurred
two months after final harvest in both years. In both final

harvest and out of storage samplings, three tubers from each
plant, three plants from each combination of treatments were
processed and sampled in 2008 and 2009. There were five
total sampling time points in each year, first and second
samplings occurred immediately after each stress period, a
third harvest occurred when most leaves on plants watered
with nutrient solution remained green while plants watered
with RO water had extensive leaf and stem senescence (123
DAP in 2008 and 122 DAP in 2009), a fourth sampling period
occurred when all plants had senesced naturally, and the last
sampling was out of 13 °C storage two months later. Total
nitrogen content of leaves from plants under both nutritional
treatments prior to the third harvest was quantified by using
the fourth fully expanded leaf from the top of the primary stem
including the petiole.

Sample Collection Tissue samples for sugar determinations
and acid invertase assays were removed from tubers within
24 h of harvest or removal from storage, and 72 tubers were
used at each time point. During the first sampling, when
tubers were at the early bulking stage, individual cores of
tuber tissue 0.7 cm in diameter were removed with a cork
borer from the center of tubers. From the second to the last
harvest, cores were taken as close as possible to the apical
and basal ends of tubers. Cores were cut into 1 cm lengths
that did not include periderm, weighed for fresh weight,
placed into 1.5 ml conical tubes and frozen at −80 °C.

Biochemical Analysis of Tuber Samples Invertase assays
and HPLC determination of tuber sugar contents were con-
ducted as described in Bhaskar et al. (2010) except that
60 μl of protein extract was desalted on Zeba spin columns
(Pierce Biotechnology, Rockford IL) rather than 1 ml of
protein extract on PD-MidiTrap columns (GE Healthcare).

Developing a Rating System for Stem-end Chip Defect An
index for rating the severity of stem-end chip defect in
potato chips was developed (Fig. 1). In this system, no color
development on the chip was a 0, dark color of vascular
tissue only was a 1, color shadow surrounding the vascular
tissue was a 2, color penetrating up to 1 cm into the tissue
was a 3, color development up to 1.3 cm into the tuber tissue
was a 4, and color development beyond 1.3 cmwas a 5. Chips

Defect Score

Fig. 1 Rating scale for
stem-end chip defect
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with scores of 0 to 2 are not scored as defect chips by
processors. Chips with scores of 3 to 5 are scored as defect
chips that may be unacceptable to chip processors because the
defect extends 1 cm or more in from the edge of the tuber or
chip. A total of 576 chips, each chip from the center of a single
tuber and through the stem scar, three tubers from a plant, and
three plants from a combination of treatments and harvest
times in 2008 and 2009 were scored for stem-end chip defect
based on the rating index.

Chip Frying and Scoring Tubers were cut in half and a slice
that was 1 mm in thickness was cut off one half and
discarded. A second slice was cut, rinsed in cold water and
patted dry on terry towels. Chips were fried in cottonseed oil
at 182 °C for 2 min and 15 s. Chips were scored indepen-
dently by two people according to the stem-end chip defect
index, and scores of a single chip were averaged to balance
the visual grading between the two people.

Data Analysis For sugar data at the five sampling time
points, Analysis of Variance (ANOVA) was performed to test
treatment effects by using the Linear Model (LM) procedure of
R (version 2.13.0). Means separations were made using
Fisher’s Least Significant Difference (LSD) at p00.05. Main

effects were sampling positions on the tuber, water stress,
temperature stress, stress period, tuber chemical maturity at
harvest, and different storage periods. Data from 2008 to 2009
were not combined due to heterogeneity of variances across
years. Defect score data at final harvest and out of storage were
analyzed to test treatment effects by using the Logit Model
(GLM) procedure of R based on its binomial distribution.
Differences of percentage of severe defects (defect scores of
3, 4 or 5) in each treatment were compared using Chi-square
test. Main effects were water stress, temperature stress, stress
periods, and tuber chemical maturity at harvest. Data from 2008
to 2009 were not combined because year effect was significant.

Results

Sugar Changes in Tubers Under Moderate Heat and Water
Stress During Different Plant Growth Stages

Glucose contents across all water and heat treatments were
higher in tubers harvested at the end of the early stress period
than the late stress period in both years (Fig. 2a and c, p<
0.05). Temperature treatment or water stress treatment did not
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Fig. 2 Glucose (a, c), and
sucrose (b, d) contents in tuber
samples from well watered
plants (W) and plants exposed
to a period of moderate water
stress (D) at daytime tempera-
tures of 22˚ C (black bars) or
30 °C (grey bars). Each bar
indicates the mean standard de-
viation for nine samples, with
each sample made up of tuber
tissues from one individual tu-
ber at the end of the early or late
stress periods in 2008 (a, b) and
2009 (c, d), respectively
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affect mean tuber glucose content at early or late tuber bulking
in 2009 (Fig. 2c). In 2008, the only treatment effect was found
in the tubers under water sufficient condition at the late stress
period that had greatly reduced glucose at daytime tempera-
ture of 30 °C compared to 22 °C (Fig. 2a, p<0.05). Tuber
fructose contents were less than 0.04 mg g−1 FW in 2008 and
0.025 mg g−1 FW in 2009 for all treatments at early or late
tuber bulking, and were not different between treatments (data
not shown).

Tuber sucrose content at the end of the second stress period
was higher under water stress at a daytime temperature of 30 °
C compared to 22 °C (Fig. 2b and d, p<0.05) in both 2008 and
2009. In contrast, tubers from well-watered controls tended to
have less sucrose at 30 °C compared with 22 °C (Fig. 2b and
d) except for tubers from plants at 22 °C during the first stress
period in 2008. For both reducing sugars and sucrose, inter-
actions between the water stress and heat stress treatments
were not observed (data not shown).

Plant and Tuber Responses to Nutrient Availability

The extent of vine senescence had an effect on tuber bud-
end and stem-end sucrose content, indicating different
extents of tuber chemical maturity at the third sampling
period (Table 1). Mean sucrose was greater at both ends of

tubers harvested from plants with green vines rather than
plants with senesced vines when averaged across all water
and heat treatments and sampling periods during the early or
late plant growth stages (Table 1, p<0.05). Mean glucose on
both bud end and stem end of tubers from all heat and water
stresses as well as tuber chemical maturity treatments in
2008 and 2009, however, were not different between plants
irrigated with RO water and plants irrigated with nutrient-
solution to delay vine senescence (Table 1). Total nitrogen
content of leaves from plants irrigated with nutrient solution
averaged 3.02±0.06 % in 2008 and 2.44±0.09 % in 2009 on
a dry weight basis, whereas those on plants irrigated with
RO water had a nitrogen content of 1.89±0.03 % in 2008
and 1.64±0.01 % in 2009.

Moderate Environmental Stress and Tuber Maturity
had Little Effect on Stem-End Chip Defect

In the 576 chips that were fried and scored at the final
harvest and out of storage over the 2 years, 17 % had severe
stem-end chip defect scores of 3, 4 and 5, 55 % had mild
stem-end chip defect scores of 1 and 2, and 28 % did not
have stem-end discoloration and were given a score of 0.
Defects with scores of 4 or 5 were rarely found in either year
and occurred in less than 6 % of all chips.

Water deficit, stress period, as well as relative chemical
maturity of tubers at harvest did not affect the incidence of
severe defects in both years (Table 2). The only effect was heat
stress of 30 °C that led to 14 % severe stem-end defects
compared to 6 % for control plants at 22 °C in 2009 (Table 2,
p<0.05).

Post Harvest Tuber Sugar Contents and Defect Incidence
in Chips

Tubers stored at 13 °C for 2 months experienced changes in
sucrose and glucose contents at both ends of the tuber.
Sucrose decreased and glucose increased at the bud and
stem ends of the tuber in both years except that stem-end

Table 1 Sucrose and glucose content (mg g-1 FW) in the stem end or
bud end of tubers from plants treated with reverse osmosis (RO) water
or nutrient solution to delay maturity in 2008 and 2009. Within each
column, numbers followed by the same letter do not differ significantly
using LSD at p00.05

Year 2008 2009

Nutrient treatment/
sampling position

Sucrose Glucose Sucrose Glucose

RO water/Stem 0.71c 0.07b 0.93b 0.06a

Nutrient solution/Stem 0.94b 0.06b 1.08a 0.03b

RO water/Bud 0.75c 0.16a 0.84b 0.06a

Nutrient solution/Bud 1.02a 0.14a 0.94b 0.05a

Table 2 The percentage of
chips with defect score of 3, 4, or
5 (severe defect) are indicated
for 2008 and 2009. Values fol-
lowed by asterisks differ signifi-
cantly using Chi-square test at
p00.05

Year 2008 2009
Treatment Controls vs Stresses Percentage of chips

with severe defect
Percentage of chips
with severe defect

Water Well watered 22 8

Water stressed 25 12

Temperature 22 °C 23 6*

30 °C 26 14*

Stress period Early tuber bulking 26 12

Late tuber bulking 22 8

Chemical maturity at harvest More mature 26 10

Less mature 22 10
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glucose stayed at the same level after storage in 2009
(Table 3, p<0.05). Despite this, the percentage of chips with
defect scores of 3, 4 or 5 only increased by 2 % during
storage in both years (data not shown).

Glucose Content and Acid Invertase Activity at the Tuber
Stem end and Bud End of Stem-End Chip Defect Tubers

The glucose content and activity of acid invertase at the
stem and bud ends of tubers across the full range of defect
scores were measured. Samples from 2008 to 2009 were
analyzed together since there was no difference between

years when tubers with the same defect score were com-
pared. At the tuber stem end, higher defect score was asso-
ciated with higher glucose content (Fig. 3a and b), and the
same relationship was found between defect score and acid
invertase activity (Fig. 3c and d). Differences in glucose
content and invertase activity between freshly harvested
and stored tubers were not observed when comparisons
were made between samples with the same defect score.
Glucose content and acid invertase activity at the bud end of
the same tubers did not correlate with stem-end chip defect
score (Fig. 3).

Discussion

We hypothesized that the causes of stem-end chip defect
might be similar to those that cause sugar-end defect and
dark fried color in processing potatoes such as Russet
Burbank (Iritani 1987; Thompson et al. 2008). Although
there are common features between stem-end chip defect
formation and sugar-end defect formation, several differ-
ences were observed between these two important quality
defects. For example, the dark color observed in chips from
stem-end defect tubers is associated with the vasculature,
and this is not a common feature of sugar-end tubers.
Moderate water stress was not sufficient to cause stem-end

Table 3 Sucrose and glucose content (mg g-1 FW) in the stem end or
bud end of tubers across temperature, moisture and vine maturity treat-
ments before and after 2 months of storage at 13 °C in 2008 and 2009.
Within each column, sucrose contents or glucose contents followed by the
same letter do not differ significantly using LSD at the p00.05

Year 2008 2009

Storage period/
Sampling position

Sucrose Glucose Sucrose Glucose

Before storage/Stem 0.93a 0.09b 1.00a 0.07a

After storage/Stem 0.72b 0.18a 0.95b 0.07a

Before storage/Bud 0.99a 0.04c 0.99b 0.04b

After storage/Bud 0.76b 0.08b 0.74c 0.06a
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Fig. 3 Glucose content (a, b)
and acid invertase activity (c, d)
on the stem end (black
triangles) and bud end (gray
squares) of tubers with a range
of stem-end chip defect scores
at harvest (a, c) or out of stor-
age (b, d). Each bar indicates
the mean standard deviation of
samples
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chip defects, but can cause sugar-end defects in processing
potatoes (Eldredge et al. 1996; Shock et al. 1992, 1993,
1998). A relationship between tuber bud or stem-end su-
crose and stem-end chip defect severity was not observed.
This is in contrast to a previous report where sucrose was
reduced at the tuber stem end in sugar-end tissues (Sowokinos
et al. 2000). Similarly, extensive preconditioning of sugar-end
defect tubers does not remove the defect (Bussan et al. 2009b),
but preconditioning of stem-end chip defect tubers can re-
move the defect in some cultivars based on preliminary data.
In stem-end chip defect tubers, as in sugar-end defect tubers,
glucose content and acid invertase activity are elevated at the
tuber stem end (Thompson et al. 2008). Variability in acid
invertase activity was large, perhaps because of the localized,
non-uniform nature of the stem-end chip defect within tuber
tissues and the small size of the tissue sample analyzed.

The data presented here show that the applied stress
treatments, including moderate heat or water stress, as well
as varied tuber chemical maturity at harvest, resulted in
physical and biochemical changes that are consistent with
prior observations. Most of the applied treatments, however,
were not sufficient to cause an increase in either the inci-
dence or severity of stem-end chip defects. The only excep-
tion to this was for temperature in 2009, where the
percentage of severe defects increased from 6 % to 14 %
when plants were treated with 30 °C daytime temperature
(Table 2), but this difference of 8 % is still relatively small.

Based on data presented here, two hypotheses for the
formation of stem-end chip defect are proposed. First, defect
formation may require a more extreme environmental stress,
such as daytime temperature higher than 30 °C or nighttime
temperature higher than 18°C, soil moisture deficits greater
than the ones imposed in this study, or stress periods longer
than 14 days. Given that stem-end chip defects are observed
in well-managed, irrigated production fields, it is unlikely
that severe, extended water deficits are a possible cause of
defect formation. High temperatures are unavoidable and
like stem-end chip defects are more common in some years
than in others. This observation along with the data showing
that moderately high daytime temperature increased the
percentage of severe stem-end chip defects in 1 of 2 years
suggests that further information is needed about tempera-
ture influences on stem-end chip defect formation. The
second hypothesis for stem-end chip defect formation is that
it is not strictly a physiological defect like sugar-end defect,
but is in part a response to infection of the plant by a
pathogen. Although the experiments reported here were
conducted in greenhouses rather than production fields, we
cannot exclude the possibility that pathogens found on seed
pieces, in soil, or vectored by insects may have played a role
in defect formation. It seems unlikely that tuber maturity on
its own plays a major role in defect formation, given that
defect rates at harvest and out of storage were comparable

regardless of when tubers were harvested, including at early
or late tuber bulking, and late in the season when plants
retained green leaves or vines had senesced.

Tubers with varying severity of stem-end chip defect
were used for biochemical analyses. It was hypothesized
that the dark color of stem-end chip defect is caused by
the Maillard reaction in which reducing sugars react with
free amino acids during frying, and that reducing sugars are
produced when sucrose is cleaved by acid invertase.
Elevated glucose contents were observed at the stem end
of those tubers with more severe stem-end chip defects
(Fig. 3a and b). Higher acid invertase activities were also
observed in tubers that had the most severe stem-end chip
defects (Fig. 3c and d). Glucose and acid invertase activity
did not vary with defect severity in bud-end samples from
the same tubers (Fig. 3). These data suggest strongly that
acid invertase activity is up regulated at the tuber stem end,
and these higher activities give rise to more severe defects
through the production of reducing sugars. This is similar to
the case for sugar-end defect tubers (Sowokinos et al. 2000).
The molecular signals that result in acid invertase activation
have not been described for sugar-end defect tubers, and one
can only speculate as to whether they are the same in stem-
end chip defect tubers. The region of high acid invertase
activity in stem-end chip defect tubers is likely to be more
localized than it is in sugar-end defect tubers, except perhaps
in the case of so called “sugar tips”, where only the extreme
part of the stem end of processing tubers fries dark.
Sampling procedures for identifying or monitoring changes
in sugar content associated with stem-end chip defect need
to account for the highly localized nature of the defect.
Whole tuber samples are likely to be inappropriate since
the mass of tuber with the defect is much less than the mass
of the tuber as a whole.
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