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The presence of hollow hearts in potatoes can occasionally lead to considerable financial loss to a farmer. For example,
a Prince Edward Island farmer lost over $250 000 in 1year when his crop destined for a market out of the province was
found to have more than 10% hollow hearts. Although there are some external physiological symptoms that are indicative
of the internal hollow heart defect, reliable detection is not possible. Size sorting and specific gravity methods do not lead
to sufficiently consistent results to be commercially viable. Optical methods can detect discolored hollow hearts with
reasonable accuracy. Other defects are also detected. X-ray devices detect hollow hearts but, to automate, signal
processing is necessary. Preliminary results of work being undertaken at the Technical University of Nova Scotia showed
that acoustic detection of hollow hearts in potatoes has possibilities.

INTRODUCTION

The formation of a hollow approx
imately in the center of a potato during the
growing season (subsequently called hol
low heart) is undesirable both to the con
sumer and to the farmer. To the consumer,
a potato with a hollow heart is esthetically
unpleasant especially if it is encountered at
a connoisseur restaurant where a high
price is paid for the meal. To the farmer, it
could mean severe loss of market potential
and with it financial loss. For example, if a
bin of potatoes on a P.E.I, farm destined
for an out-of-province market is found to
contain more than 10%of the potatoes with
hollow hearts, the bin is condemned and
cannot be shipped. The U.S. regulation
only allows 5% hollow hearts. Exact data
on the frequency of occurrence of hollow
heart are not available from government or
private sources. However, the average per
centage of hollow hearts in processed
potatoes is estimated by one company (in
Nova Scotia) as varying from 3 to 15%,
with 1 year in every 5 or 6 in which the
frequency of hollow hearts exceeds 10%.
If it were possible to nondestructively
detect defective potatoes, the loss to farm
ers and to the market could be significantly
reduced. Also, if large potatoes could be
guaranteed to be free of hollow hearts,
then the farmer should be able to obtain a
higher price from the connoisseur market.

Although the primary objective of this
paper is to evaluate previous methods of
detection, the cause and condition and
cultural control of hollow heart in potatoes
is first briefly examined, since detection of
hollow hearts becomes irrelevant if the

incidence can be reduced or eliminated by
proper cultural practice.

HOLLOW HEART — CAUSE,

CONDITION, AND CULTURAL

CONTROL

Hollow heart is a physiological disor
der (Levitt 1942) and hence no causal
organism has been found associated with
it; transmission of the disorder has not
been found possible and plants from
affected tubers produce just as healthy
tubers as plants from unaffected tubers,
under favorable conditions. It appears that
hollow heart formation is preceded by the
death of a patch of cells either in the center
or nearer the apical end of the potato with
subsequent development of wound cam
bium around them. Later uniform tuber
growth outside of the dead cells cannot
account for either the ultimate size or

shape of the hollow heart. Since tuber
growth is primarily due to cell enlarge
ment, non-uniform growth rates outside
the affected hollow heart must be responsi
ble for the changes of the hollow heart
relative to the rest of the tubers.

The cause of death of the cells in the
pith is attributed to several factors. Min
eral difficiencies (Levitt 1942) in the cells
surrounding the hollow heart indicate the
occurrence, at some point in time, of some
stress on the plant (Kranz and Lana 1942).
Addition of extra potash is sometimes
advocated (Nelson 1975). It is also thought
that a period of drought shortly after tuber
set is the primary cause (Kallio 1960). The
incidence of hollow heart is a function of
variety, some varietiesbeing less suscepti
ble to mineral deficiencies.

Hollow hearts in potatoes can be of any
size or shape at harvest. Normally the hol
low begins as a tear in the pith area and
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rapidly progresses into an irregular cavity
that may extend over a considerable length
of the tuber. The walls of the cavity are
initially white, but usually soon turn
brown.

The first most obvious action necessary
to reduce the incidences of hollow heart is

appropriate selection of variety (Nelson
1975). Cultural practices to control the
incidence of hollow hearts have included
removal of foliage and shading (Kranz and
Lana 1942), addition of nutrients (Kallio
1960; Nelson 1970), planting date (Nelson
1970), plant spacing (Nelson 1970; Nelson
et al. 1979b), seed tuber and seed piece
size (Nelson and Thoreson 1982), irriga
tion (Nelson 1975), and root pruning and
spraying (Nelson and Thoreson 1974). The
conclusion from the above views is that

practices which give rise to slow steady
tuber growth without excessive stress on
the tuber will reduce the incidence of hol

low heart. For example, foliage removal
early in the season gives rise to rapid
foliage regrowth which produces a mineral
deficiency in the tubers leading to higher
incidence of hollow heart. Heavy applica
tion of nitrogen enhances rapid vine
growth which leads to mineral deficiency
in the tubers (Kallio 1960). Growing a
larger number of smaller tubers by using
closer plant spacing and larger seed pieces
was effective in slowing down the growth
of large tubers. Root pruning and sublethal
spraying with Dinoseb reduced the inci
dence of hollow heart (and the yield) by
reducing the rate of tuber growth.

If weather conditions are optimal, it is
difficult to induce hollow heart, no matter
how poor the cultural practices (Nelson et
al. 1982). With the variability in the
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weather it is sometimes hard to judge when
certain practices should be implemented.

In summary, it is impossible to guaran
tee freedom from hollow hearts in potatoes
through implementation of cultural prac
tices only.

METHODS OF HOLLOW HEART

DETECTION

Size Sorting
Because hollow hearts usually occur

during a period of rapid growth, a pre
dominance of larger potatoes have hollow
hearts. Removing all the larger potatoes
should reduce the incidence of hollow

hearts. This has been studied by Nylund
and Lutz (1950), Finney and Norris (1978)
and Nelson et al. (1979a). Figure 1 has
been derived from the data in three papers
of both the incidence in each size class and

the distribution among all classes.
It can be seen that the larger potatoes

have more incidence of hollow heart; but it
is also evident that a large proportion of the
crop would have to be discarded to ensure
that less than 10% of potatoes were free
from hollow hearts. Therefore, this is not
an economically effective means of
removing hollow heart potatoes from a
field lot of potatoes.

Specific Gravity
Intuitively it could be concluded that if

a hollow heart exists in a potato, its spe
cific gravity should be reduced. Two of the
above workers also investigated the varia
tion of specific gravity of potatoes with and
without hollow hearts. Nylund and Lutz
(1950) obtained the specific gravity of each
potato by passing the potatoes through a
series of salt solutions whose specific grav
ity was varied. Finney and Norris (1978)
weighed the potatoes in air and in water to
obtain the specific gravity. The percent
distribution of the hollow heart potatoes in
several specific gravity classes is shown in
Fig. 2 where the total percentage of hollow
hearts in the study of Nylund and Lutz
(1950) was 24.3% by weight, and in that of
Finney and Norris (1978) was 21.4%.

It is obvious that no well-defined value

of specific gravity is apparent at which
hollow hearts begin or cease to exist,
although there are more hollow heart
potatoes in lower specific gravity classes.
The reason for this poor definition is that
there is considerable variation in the spe
cific gravity of various parts of the potato
(Sharma et al. 1958). Moreover, the prac
tical difficulties of making specific gravity
measurements without immersing the
potatoes in water would make this method
unacceptable for commercial use.
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Optical Methods
Transmittance and reflectance methods

have both been used to detect imperfec
tions in potatoes. The reflectance methods
used by Muir et al. (1982) and Porteous et
al. (1981) are only useful for detecting
surface bruising and not for detecting hol
low hearts since it is an internal defect that

does not give much exterior indication.
Harvey (1937) attempted to use the can

dling process employed in egg production,
but with little success.

Birth (1960) used a wide-range spec
trophotometer specifically designed for re
cording spectral absorption curves of bio
logical materials on a linear or logarithmic
energy scale. The apparatus is shown in
Fig. 3. The potato is oriented so that the
light passes through the shortest dimen
sion of the potato. The telescopic housing
encloses the potato to exclude all ambient
light.

An image of the void cannot be seen

when visible or near infrared energy is
used, but there is selective absorption of
energy in the near infrared region which is
indicative of hollow heart when there is
discoloration in the vicinity of the void. To
obtain the absorption it is necessary to
compare the shape of the absorption curves
for a sound potato with that of a defective
potato (Fig. 4). In recording the two
curves, the optical density (OD) is
arbitrarily set equal to zero at the minimum
absorption (~ 800 \im). All other points
are plotted relative to this value. It can be
seen from the graph that the potato with the
hollow heart absorbs considerably more
energy in the 650-|xm to 750-|xm range
than the sound potato. The optical density
difference between 800 and 710 |xm was
used by Birth (1960) as an indication of the
shape of the curve in this part of the spec
trum because both these wavelengths were
at absorption minima and thus the mea
surements are least affected by other com
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positional factors such as skin defects.
Because this method detects dif

ferences in color, black spot and greening
are also detected. However, if the hollow
heart is not discolored to any great extent,
the instrument will not detect the defect.

The absorption characteristics of the
potato skin are similar to the absorption
characteristics of the discoloration associ

ated with hollow heart. Therefore the size

of the potato is found to be a factor in the
detection of hollow hearts (i.e. the path
length of the light through the skin con
stitutes a larger proportion of the total path
length for small potatoes than large
potatoes).

Other variables that affect the measure

ment and may cause errors are; (1) varia
tion in the spectral absorption of the skin,
(2) presence of scarred tissues, and (3) soil
on the tubers. Yellowing of potatoes with
age did not appear to be a factor.

It is claimed that this method could be

automated to process about two potatoes
per second. In the tests carried out, 83% of
potatoes with hollow hearts were rejected
along with 10% of potatoes which were
sound. Some potatoes with other defects
such as blackspot and greening were also
rejected which is an additional advantage
of this method.

X-ray
Three workers have reported using X-

rays to detect hollow hearts in potatoes:
Harvey (1937), Nylund and Lutz (1950),
and Finney and Norris (1973, 1978).

Harvey (1937) reported that a commer
cial machine employing an X-ray tube
with a fluoroscopic screen had been con
structed that could process 7 500 pounds
an hour. The accuracy and difficulties in
detection of hollow hearts were not dis
cussed.

Nylund and Lutz (1950) used three vari
eties of potatoes to compare the results of
X-ray detection versus manual inspection
by cutting open the tubers. The sample
size for each variety was over 1200 tubers.
The percentage of hollow heart detected
by the X-ray machine and visually recog
nized by the operator varied from 75 to
84%. Part of the problem in detection of
hollow hearts in potatoes using X-rays is
the presence of "eyes", which are dis
played as lighter areas on the X-ray image
similar to the image generated by small
internal hollows. Hence detection of small
holes is difficult. Sufficient hollow hearts
were removed to reduce the incidence of

hollow hearts to an acceptable level.
Finney and Norris (1973) chose to

examine potatoes in water using X-rays to
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are shown in Fig. 6 for a tuber in air. On
analyzing two cartons of tubers, it was
found that the second derivatives of sound

potatoes clustered around zero, with a dis
tinct separation between those positive
values of the second derivative for hollow

heart potatoes. The magnitude of the sec
ond derivative of the X-ray density curve
was proportional to the size of the hollow
with a correlation coefficient of 0.91. All

hollow heart potatoes were detected by this
means, with no whole tubers being re
jected.

These workers also retested these

tubers using a water medium as in their
earlier work but the detection efficiency of
hollow hearts was lower than when using
X-rays in air, contrary to their previous
conclusions.

The potential danger and cost of an X-
ray machine with the attendant computer
has not, up to this point, permitted
development of a fully automated system.
Two farms on Prince Edward Island use X-

ray systems similar to those found at air
ports for baggage security scans. However
defective potatoes have to be visually iden
tified.

Ultrasonic Detection
The conventional means of detecting

voids and flaws in metals employs ultra
sonics. The pulse-echo mode involves

600 700

WAVELENGTH m>i
Figure 4. Output of spectrophotometer (Birth 1960).

800 9oo

enhance the contrast of the hollow heart.
The X-ray image of sound potatoes under
water was entirely masked, while the hol
low heart areas appeared as a bright spot
under the water. This modification cer

tainly does give rise to the advantage of
reducing or eliminating the effect of the
external eyes, although the practicality of
submerging potatoes on a commercial
basis is very questionable.

Finney and Norris (1978) later sought to
examine the X-ray scan to determine some
objective criterion by which automatic

88

sorting of defective potatoes could be
obtained. A potato was placed in an X-ray
field and a scanning detector traversed the
length of the potato (Fig. 5). The output of
the detector was amplified, digitized and
fed to a digital computer for analysis and
recording. The X-ray transmission charac
teristics were analyzed in terms of a non-
dimensional X-ray density parameter, log
(1/7) where T is the ratio of the X radiation
transmitted with and without the potato.
The first and second derivatives of this

parameter were then obtained. The results
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insonifying the piece of material and
observing the time for reflected waves to
be received by the transmitting/receiving
crystal or transducer. The time delay is
then proportional to the distance of the
flaw or boundary from the crystal. The
transmission mode, with two separate
crystals, one for transmitting the sound,
and one for receiving the sound which is
placed on opposite sides of a sample, is not
commonly employed for metals but is used
for wood (McDonald 1982).

Several workers (Porteous, 1981 pers.
commun.; Parker, 1982 pers. commun.)
including the authors, have attempted the
use of conventional ultrasonic test equip
ment on potatoes to evaluate the potential
of using ultrasonics to detect hollow hearts
in potatoes. The initial conclusion was that
potatoes do not transmit sound and that
ultrasonics therefore could not be used to

detect hollow hearts in potatoes.
However, workers at the Scottish

Institute of Agricultural Engineering (Por
teous 1981, pers. commun.) have reported
some initial studies on the use of sound to

detect hollow hearts in potatoes and
expressed confidence that the method is
feasible and can be made to work. The

difficulties they encountered dealt with the
design of an appropriate transducer. They
report that the attenuation coefficient is
quite high, 1 db/mm, and that the velocity
of sound in potatoes is about two-thirds of
that in water (900 m/sec). It is thought that
the attenuation coefficient is high because
of the scattering of the sound both by the
cellular structure of the potato and the
presence of 1-2% of interconnecting air
channels in the potato (Cargill 1976).

We too have been able to transmit sound

through a slice of a potato using the appa
ratus shown in Fig. 7. The transducer
(crystal) resonates at 175 kHz and is driven
by a gated sine wave (three complete sine
waves) at the resonant frequency with a
peak voltage of about 60 V. The oscil
loscope trace is also noted on the figure
(rotated through 90°). Furtherwork is pro
ceeding on this method at Technical Uni
versity of Nova Scotia.

The advantages of using ultrasonics
include its freedom from radiation hazards

and the possible ease of automation of
potato rejection, i.e. the electrical signal
generated by acoustic detection methods
can be more readily translated into an
impulse to drive a solenoid to eject defec
tive potatoes.

There are several challenges to be over
come before ultrasonics can be used com

mercially. It is essential that good acoustic
coupling be obtained between the trans
ducer and the potato. To do this, water
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Figure 7. Schematic of apparatus and results of acoustic transducer insonifying a potato slice
submerged in water. The oscilloscope trace of voltage (proportional to signal echo
received) vs. time (proportional to distance) is rotated 90 degrees for ease of com
parison with the physical apparatus.

(preferably with a wetting agent) must be
placed between the transducer and the
potato. Initial enquiries of a potato grower
indicated that one spot of water on one side
of a potato at the location of the transducer
would be acceptable. Drying of that small
area is also feasible.

Soil from the surface of the potato
would also have to be removed by brush
ing. The decision as to the optimum fre
quency of insonification is somewhat
dependent on the attenuation since
attenuation is greater at higher frequen
cies. However, the resolution at 175 kHz is
thought to be barely sufficient to obtain a
good indication of hollow hearts in
potatoes. Therefore, the optimum fre
quency to obtain reproducible results with
maximum resolution must be sought.

CONCLUSIONS

Prevention of hollow hearts cannot be

attained by cultural practices. Detection is
not feasible using either size or specific
gravity as a sole criterion. Detection by
light transmission has been demonstrated
to be reasonably efficient if browning of
the hollow heart has occurred. X-rays

work well if the second derivative of the

sensing signal is used as the criterion for
the presence of hollow heart. The expense
and potential safety hazard are the two
weaknesses of X-ray detection. Ultrasonic
detection of hollow hearts has potential if
the attendant problems can be overcome.
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