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Abstract
Physiological disorders of white/Irish potato tubers are
abnormalities of the tubers which are not caused by infectious
diseases/insects, or animals. Potato tuber abnormalities occur as a
result of environmental stress, nutritional deficiencies or excess on
the plant. Information was obtained through informal surveys in the
four agro-ecological zones of Swaziland, review of existing literature
and interviews of key farmers and producers of the potato crop.
Physiological disorders of potato tubers encountered in this study
included black heart, brown core, cold damage, greening, growth
cracks, loose skin, enlarged lenticells, malformation, sprouting and
vascular browning. Ways to alleviate various potato tuber disorders
are suggested.

Introduction
The potato (Solanum tuberosum) is widely grown in the world and
contributes significantly not only to food security but to nutritional
security [1-3]. It is a vegetable crop characterised by a shallow and
superficial root system and has been shown to be a heavier nutrient
feeder taking up nutrition until maturity [4].
The potato also known as the white or ‘Irish’ potato is a member
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of the solanaceae family thought to have originated in South America
in the cool highlands of the Andes, Spanish explorers are believed to
have introduced it to Europe and it later spread throughout the world
and to the African continent [1,5,6]. In its habitant of origin, it is a cool
season perennial. It is susceptible to freezing temperature; optimum
temperatures for maximum growth are 10 to 15˚C. The plant develops
from rhizomes - seed pieces, it is characterized by compound leaves
with opposite leaflets. When the plant flower, apical dominance is
eliminated and the plant forms lateral branches [5].
The plant grows up to 60 to 120cm in height. The plant is a vine
or haulm. Flower colour is cultivar dependent; it can be purple, white
or yellow. The potato plant produces fruits similar to tomato and contains seeds which are mostly used for breeding purposes. The plant
exhibits a high degree of heterozygosity because it is a polyploidy [7].
The underground portion of the stem has buds which give rise to lateral slender underground stems called stolons. It is the stolons which
enlarge to form tubers. Tubers form at the time of flowering and they
have buds called ‘eyes’ from where sprouting occurs to give rise to the
vegetative plant [1,5,6,8].
In Southern Africa where Swaziland is located potatoes can successfully grow in the highlands or Highveld all year round, elsewhere
like the Lowveld during the cool season or winter months [8,9]. Small
tubers called ‘sets’ are used for propagation where planting can be on
ridges or flatland at a depth of 15 to 30cm at a spacing of 90x30cm or
50x30cm depending on cultivar. The most suitable soils to grow potatoes are sandy loams which are deep, fertile, friable and well drained.
The ideal pH is 4.8 to 6.5. Tuberization is promoted by Short Days
(SD) and cool temperatures. Compact and poorly drained soils result
in production of deformed tubers which is a physiological disorder.
High temperatures inhibit tuberisation and it has been reported that
tubers are not formed at 30˚C and above [1,5,6,8].
Swaziland although still a developing country is classified under
the middle income group, however it is still faced with poverty problems and struggling with the HIV and AIDS pandemic [10]. There
are high hopes of the 2022 vision by that time the country would
have leap flogged to a near fully developed country. The backbone
of the country’s economy is largely dominated by agriculture whose
contribution to the Gross Domestic Product (GDP) is about 11% [11].
Potato is a horticultural crop, (horticulture is a subsector of the agricultural industry) which is a popular vegetable in Swaziland. During
production potato tubers are affected by a number of diseases and
physiological disorders which affect produce quality. Most of the
physiological disorders are often caused by environmental stress resulting from unpredictable and uncontrollable weather conditions and
or mineral deficiencies usually micronutrients [12,13].

Physiological or non-pathogenic disorders in general
Physiological disorders can be divided into groups: genetic predisposition, nutrient imbalance and watering disorders [8,13,14]. Both
Genetic (G) and Environmental (E) interactions are involved and this
complex interplay of (GXE) factors are poorly understood for most
disorders and in some cases contradictory results have been reported
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apart from numerous names for a particular disorder in many cases [14]. Physiological disorders of vegetables are mainly caused by
changing environmental conditions such as moisture, temperature,
unbalanced soil nutrients, excess or inadequacy of certain soil minerals, poor drainage or extremes of soil pH [12,13,15-17]. Several
ways can be employed to alleviate the various physiological disorders
affecting potato tubers produced in the Kingdom of Swaziland.
Consumers of pre-packed and loose potatoes increasingly desire
potatoes of good quality and skin finish. These should have a bloom,
which is good and shiny skin with no blemishes. Attention has been
focussed on postharvest skin diseases with little attention on physiological disorders. Black heart, brown centre and hollow heart are the
most commonly reviewed disorders of potato. Sprouting, netting and
loose skin are some of the physiological disorders affecting potato
skin finish thereby affecting marketing for either seed or for home
consumption.
The objective of this review was to identify common physiological disorders of potato produced under Swaziland environmental
conditions in the four agro-ecological zones and suggest ways of alleviating these adverse conditions by situational/environmental manipulation and use of locally available resources.

Methodology
The study was a qualitative research. Information was sought
through desk review of existing literature and informal surveys in the
four agro-ecological zones of the country were carried out. Brief interviews of key farmers in potato producing areas were conducted.
Samples of potato crops found on sale in the markets were observed,
disorders were identified and described.

Agro-ecological zones of Swaziland
The country has four geographical zones with distinct topography,
geology, soils, vegetation and climatic patterns (Figure 1). In the west
is the Highveld, which is mountainous and has a vegetation of mainly
commercial forests with the bulk of the land being used for subsistence farming [11,18]. It experiences a temperature range of 4.5 to
33˚C [19]. It has rivers, waterfalls and gorges with some protected and
natural areas including Malolotsha, Hawane and Phophonyane [20].
The Middleveld is characterized with temperatures ranging from
2.5 to 37.2°C [19]. This region has fertile valleys which favour intensive farming. It has the most diversely cultivated and heavily populated area in the country [11]. Protected nature reserve areas include
Mantenga and Milwane [20]. Further east, there is the Lowveld with
the largest area coverage of 40% of the country and is drought prone
[19]. There is the Western Lowveld which is underlain by sandstone/
claystone and the Eastern Lowveld which is underlain by basalt [19].
It has a vegetation of shrubs, and mean temperature ranges from 2.6
to 41.8˚C with the bulk of commercial farms growing crops under
irrigation, including the three sugar estates in the country and citrus
fruit plantations. The nature reserves in the area are: Mlawula, Hlane,
Shewula, Mbuluzi, Simunye and Nisela game reserves [11,18]. The
fourth region is the escarpment called Lubombo plateau with an altitude of 600m above sea level and climatic conditions similar to the
Middleveld [19]. Given the mountainous topography of the Lubombo
plateau, only one eighth of the land is arable and the rest is suitable
for animal grazing [19].
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Figure 1: Ecological zones of Swaziland.

Common potato tuber physiological disorders encountered in
Swaziland’s four agro-ecological zones are reviewed in this paper.

Findings and Discussion
Data on findings of numerous physiological disorders of potato
tubers were not quantified but are presented in table 1.

Interviews with farmers on potato physiological disorders
Different responses were obtained from different farmers from
the 4 different agro-ecological zones of Swaziland, mostly in places
where there is high potato production. Most of these physiological
disorders are common to the potato production areas, but some are
found in specific areas. Black-heart physiological disorder is common to all farmers’ produce due to the fact that most of them do not
have proper storage facilities after harvesting their produce. However,
farmers in the Highveld not only experience this physiological disorder due to poor storage facilities, but also due to excessive rains received in the region, yet most of the soils drain poorly, thus promoting
black-heart physiological disorder.
Brown core and hollow heart physiological disorders are very
common in the Highveld of Swaziland, especially in places like
Motshane, Nkhaba, Sgangeni, Nkoyoyo and Mnyokane that are very
prone to frost. Growth cracks are more experienced from potatoes
grown in the Lower Middleveld and Vuvulane in the Lowveld where
there is potato production in the cool season. In 2015 during the El
Nino drought, even farmers in the Highveld and the upper Middleveld
also experienced a lot of this physiological disorder on their produce
due to excessive heat received and shortage of irrigation water. Enlarged lenticels are most seen from potato produced in the Highveld
and Middleveld, especially in those places that have waterlogged
soils. These places in include: EZulwini, EBuka, Mnyokane, Motshane to name a few. Famers in the Highveld that plant potatoes in
late March just before the winter season begin in May experience
enlarged frost damage to the plants. Most of them have shifted to
planting the potatoes in February so that when frost comes, the plants
will be able to withstand it.
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Name of
physiological
disorder

Black heart

Plant part affected

Tubers- internal

Symptom

• The inside of the tubers are greyish
black to black and the affected tissue is normally well defined
• The affected tissue is hard and
leathery

Brown core and
hollow heart

Cracking/
Growth cracks

Enlarged
lenticels

Frost damage

Greening

Tubers-internal

Tubers-external

Tubers-external

Tubers-internal

Tubers-external

Cause
• Develops as a result of oxygen shortage or an
oversupply of CO2 which causes the tissue to
die, especially if the oxygen shortage is accompanied by high temperatures
• Black heart can also occur in the potato field
if high temperatures follow excessive rain
which causes an oxygen shortage in the soil
• When harvested tubers are left on the land for
a long time
• When seed planted by hand lie in furrows for
a long time before being covered by soil, especially when it is very hot

The cavities can appear lengthwise
or diagonal in the tuber and also have
irregular shapes.

Brown core develops when tubers are very
small and temperature is low (<15˚C), especially during tuber initiation up to the tuber reaching 50 g. Cells die, turn brown and can easily
tear apart.

• Growth cracks vary in depth and
length, but normally occur in the
length of the tuber.

Growth cracks occur during varying soil moisture conditions;
• Tubers crack when a dry period is followed
by heavy rains or over-irrigation. Moisture
uptake causes a quick increase in tuber moisture and growth and consequently an increase
in tuber size
• Uneven plant population, over fertilisation
with nitrogen and nutrient imbalances contribute to the occurrence of growth crack
• Application of large amounts of nitrogen at
one time after tuber formation

• Raised, white callus-like tissue on
the surface of the tubers
• The size may vary from inconspicuous to large

Exposure for short periods to temperatures around 2˚C - 0˚C can result
in grey or reddish tissue. The tissue
can also turn dark grey or black.

• Greening of the tissue immediately
under the skin
• The intensity may differ and may
also be accompanied by sunburn
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Enlarged lenticels are formed under conditions
of oxygen shortage and excessive moisture in
the soil surrounding the tubers, or in storage as
the cells beneath the lenticels expand and the
cell mass breaks through the corky layer.

Management
After harvesting do not leave tubers in the sun
on trailers under tarpaulins
• Ensure sufficient ventilation during storage
and transportation
• Avoid fields with poor drainage if rain is received in the after season
• Make sure that lifted tubers are picked up as
soon as possible
• Cover seed tubers in furrows as soon as possible after planting
Select cultivars that are less prone to the disorder.
• Avoid over-irrigation
• Avoid a low plant population
• If brown centre occurs regularly in early
plantings, consider planting later when temperatures are slightly higher
• Endeavour to maintain uniform conditions
throughout the season by managing fertilisation and irrigation

• Avoid cultivars that are prone to crack if
growth cracks regularly occur and cause loss
in income
• Where possible ensure uniform growing
conditions, even plant population, good irrigation scheduling and good fertilisation
practices

• Avoid fields that are prone to water logging
• Reduce irrigation two weeks prior to harvesting by irrigating when the plant available
water is 40-50%

Exposure of tubers to temperatures that vary
from just above freezing point (2˚C) or below
freezing-point.

Do not leave harvested tubers on the land over
night, especially if low temperatures are expected.
• Avoid cultivars that tend to bear shallow in
regions with low temperatures at the end of
the growing season
• Do not store seed potatoes on the farm if
the correct conditions are not available.
Isolate stacks by covering it with grass and/
or hessian bags, but preferably store it in a
storeroom with temperature control and ventilation
• If seed potatoes must be transported in winter, the consignment must be properly covered and it must be done during the day
• Ensure that mechanisms are in place for
proper temperature control during cold storage
• Harvest plantings with tubers close to the soil
surface before the first cold front is expected

Greening occurs when tubers are exposed to
light (sun or artificial).

• Avoid cultivars that are prone to bear shallowly
• Avoid high nitrogen application, especially
with cultivars that are prone to form long
stolons
• Plant in well prepared soils
• If possible, irrigate to prevent cracks occurring during dry weather conditions
• If tubers are exposed after foliage die-off, it
can be ridged to cover it with soil.
• Do not expose tubers to light for long periods
after harvesting
• Use packaging materials that provide sufficient protection against light transmission if
potatoes are exposed to light for more than a
few days. White paper transmits more light
than brown paper
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Internal brown
fleck

Tubers-internal

Irregular brown flecks that primarily
occur in the vascular bundle ring.

The primary cause of brown fleck is localised
shortages in Calcium (Ca).
Environmental factors that lead to brown fleck
include air and soil temperature, soil types and
soil moisture.

Ensure that sufficient Ca is available for uptake where and when tubers are formed. Where
granular fertilizer is used, the Ca must be available in the whole tuber zone.
• Opting for planting times to avoid high temperatures during tuber formation and harvesting, reduces the risk associated with brown
fleck
• Avoid stress conditions at the beginning of
the growing season through proper fertilisation and irrigation practices

Loose skin

Malformation

Netting

Sprouting

Thumb nail
cracks

Vascular
browning

• Top-growth must be completely dead 14 to
21 days prior to harvesting to promote skin
setting

• The skin is totally or partially removed from the tubers leading to
the underlying tuber tissue being
exposed.

• Excessive application of nitrogen (N) late in
the season and wet soil may delay ripening and
promote loose skin.

Tubers form secondary tubers, some
on short stolons and others directly
on an eyelet.

• Malformed tubers form when an interruption
in growth is experienced during the growing
season as a result of high temperature, often
accompanied by moisture stress and nutrient
shortage

Tubers-external

• Shallow fissures that give the skin a
distinctive net like appearance.

It is related to climatic conditions and physiological factors in the skin of young tubers.
• Moisture stress leads to an increased intensity
of the disorder

Where possible tubers should not be exposed to
varying soil moisture conditions.

Tubers-external

Potatoes start to sprout when it is harvested, especially when tubers have
been left in the soil for long.

Sprouting is promoted by high temperature before harvesting.
Sprouting on the land is normally an indication
that the cultivar is not adapted to the cultivation
practices of a specific area.

Evaluate new cultivars for at least three years
in the production area and follow normal cultivation practices to identify cultivars that are
not totally adapted.

• Mechanical impact manifests often
as thumb nail cracks on tubers.

• The cracks can develop after a slight impact
or injury and initially only occur in the skin
(periderm) of the tuber without bruising to the
underlying tissue.

Tubers-external

Tubers-external

Tubers-external

Tubers-internal

• Vascular browning of variable intensity develops at the stolon end,
but in serious cases it can extend
throughout the whole vascular ring
• Vascular browning appears as
speckled, light brown to brown and
even dark brown stripes

Physiological vascular browning is generally
associated with a combination of low soil moisture and sudden foliage die-off as a result of
chemicals, frost or mechanical removal
• Vascular browning can also be caused
through infection by tuber-borne pathogens
such as Verticillium and Fursarium and leaf
roll virus

• Ensure that the harvester is properly set to
prevent tuber damage
• Avoid production in periods when heat
waves generally occur
• Avoid cultivars that are not adaptable to high
temperatures, or plant it during cooler times
of the year
• Ensure uniform growing conditions

• To prevent the occurrence of thumb nail
cracks, tubers should not be harvested or
handled when it is cold. The temperature of
tuber tissue should be >9˚C
• The crop should be fertilised optimally to ensure that sufficient Ca and Mg are present in
the cell-walls

Irrigation prior to foliage die-off decreases the
incidence of vascular browning, irrespective of
the method of foliage die-off.

Table 1: Common physiological disorders of potato tubers found in Swaziland and their management.

Greening physiological disorder is common to potatoes produced
in all the 4 agro-ecological zones of Swaziland, especially following heavy rains that wash the soil and expose the potato tubers. This
physiological disorder can also be experienced on potatoes are that
about to be harvested especially when you have planted varieties like
Mondial and Sifra. Exposing potatoes to sunlight can also lead to the
occurrence of this physiological disorder, as most of our farmers do
not have proper storage facilities that can deter light to enter the harvested produce.
Internal brown fleck is common where potatoes are grown in soils
lacking calcium. This is more common in the Highveld where there
is lot of nutrient leaching due to excessive rains in most cases. Loose
skin and thumbnails damage are most common to potatoes that are
harvested using machinery. These physiological disorders are also
prone to places like the Highveld, especially in soils lacking calcium
and magnesium. Malformation is not very common to potatoes grown
in the Highveld, but is it common to potatoes grown in the Lowveld
and lower Middleveld especially if the farmers did not plant during
the winter season.
Netting and Sprouting are more common to most potatoes grown
in the Lowveld. This is due to the fact that this region often receives
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excessive heat and dry spells, thus promoting the occurrence of these
physiological disorders. If the farmers did not adhere to the recommended planting time of potatoes, these physiological disorders become more prevalent. Vascular browning is most common to all potatoes produced in the 4 agro-ecological zones of Swaziland as it is
caused by soil pathogens in most cases.
Commonly grown potato varieties in Swaziland’s four agro-ecological zones were Mondial (most common/popular), Sifra, Avalanche and BP1. Susceptibility of a given variety to a particular
physiological disorder is dependent on Genetics (G) X Environment/
Agro-ecological zone (E) X Management (M). Severe weather events
due to climate change are likely to worsen the physiological disorders
of potato tubers.
Encountered disorders are described and various ways to alleviate
them are suggested and discussed. It is proposed going forward that
the disorders are quantified and losses due to these disorders are determined and their impact on the industry recorded.

Growth cracks
This disorder is characterized by cracks on the tuber and the cracks
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vary in length and depth. The tuber tissue is exposed however in some
cases the skin is later formed. The causes of growth cracks include
variation in soil moisture conditions, for example when a dry period is
followed by ones watering or heavy rains leading to increased uneven
growth and subsequent cracking. Similar conditions have been reported in tomato [21-23] a fellow member of the solanaceous family like
potato. Other causes of growth cracks include uneven plant population, over fertilization with nitrogen at one time after tuber formation
and nutrient imbalances [24]. Growth cracks disorder may be overcome by ensuring uniform irrigation through irrigation scheduling,
uniform growing conditions and appropriate fertilizer management.
Proper diagnosis is important so as not to confuse with cracks caused
by herbicide or pathogen damage. The use of cultivars which are less
prone to cracking is advised Model cultivar which is widely grown in
the Southern African region may be avoided because it is more prone
to cracking [7,24].

Thumb nail cracks
Thumbnail cracks as the name suggests appear as cracks made
by the thumb nail. Mechanical impact is thought as the primal causal
agent. A slight impact or injury to the periderm (skin) of the tuber can
cause cracks, without bruising of the underlying tissue [24]. Chilling
temperatures of <10°C makes tubers more prone to cracks. Low humidity conditions aggravate the condition where the crack desiccates
and leads to thumb nail crack and subsequent lower tuber quality.
Cracks also provide ingress for diseases entry pathogens like soft rots
bacteria. The minerals Magnesium (Mg) and Calcium (Ca) have been
implicated. Susceptible Cultivars (cvs) have been found to have low
Mg and Ca content of cell walls [25]. Magnesium and Calcium are
components of pectin of the cell wall. To avoid tubers succumbing
to thumb nailcracks the crop should be harvested and handled under
cool conditions. On potato plant nutrition there is need for optimal
fertilization with Ca and Mg in order to get relatively strong tuber cell
walls [24,25].

Enlarged lenticels
Enlarged lenticels disorder manifests as white callus like tissue on
the surface of tubers especially when tubers have been removed from
wet soil. Under dry conditions the raised white callus tissue desiccates
and become sunken. When brushed the raised lenticels are removed
and under favourable conditions of suberization wound healing occurs. Possible tuber infection by pathogens is possible before wound
healing such that in warm weather subsequent soft rot may occur.
Conditions of restricted oxygen supply and excessive moisture conditions around tubers may cause enlarged lenticels to occur [24,26]. Unwanted enlarge lenticels conditions of potato tubers may be avoided
in many ways [25]. These include avoiding water logged conditions
and reducing irrigation water supply by 40-50% two weeks before
harvesting. Harvested tubers with the physiological disorder must
be dried as soon as possible before packing and where post-harvest
washing with chlorine treated water should be done at a pH >7. On the
other hand seed potatoes from waterlogged land must be kept away
from those from other conditions in the event of subsequent moist
conditions prevailing [25].

Greening
This disorder is characterized by a green colour on the tuber surface, indicating the accumulation of chlorophyll. The intensity may
J Agron Agri Sci
ISSN: HAAS, Open Access Journal

differ and may also be accompanied by sunburn [24,27,28]. Greening
not only affects external quality, but causes bitter taste and can pose
a health risk as a result of Glycoalkaloid essolan in which can be
moderately toxic for humans, if consumed in large quantities [24-26].
White skinned varieties like BP1, Avalanche, Sifra and Mondial often
green more readily than the red or russet varieties. This physiological disorder is caused by potato tuber exposure to light in the field,
resulting in formation of a green pigmentation on the potato. This occurs when sunlight directly contacts tubers growing at or near the soil
surface or reaches tubers through cracks in the soil surface. Greening
typically affects a limited part of the tuber [7,29]. The same effect can
be caused by extended exposure to lowlight levels in storage or on
store shelves. In this case, the result typically is a lighter, more diffuse
colouration on the entire tuber. Excessive nitrogen application early
in the season may cause stolons to grow longer than normal, thus
tubers are exposed to light on the land, and exposure after harvesting
will aggravate greening [24,30].
Preventative steps to control this physiological disorder include
proper seeding depth, hilling to cover exposed tubers, reducing the
time potatoes are exposed to natural light and eliminating exposure
to artificial light during storage. If possible, irrigate to prevent cracks
occurring during dry weather conditions. Avoid high nitrogen application, especially with cultivars that are prone to form long stolons.
Variety choice should also be considered. Use brown packaging materials that provide sufficient protection against light transmission if
potatoes are to be exposed to light for more than a few days during
marketing [7,24,31,32].

Blackheart
Black heart is often confused with soft rot. This physiological disorder is very common in large tubers. A diagnostic method is to cut
longitudinally the potato to see its symptoms. Black heart symptoms
differ from soft rot symptoms in that tissue with soft rot is soft and
watery, and can often develop on the surface of the tuber. With secondary infection of tubers, a distinctive unpleasant odour becomes
present [24,28].
Blackheart is a tuber condition that results from asphyxiation of
the tissues of the tuber. This condition occurs in storage or transit
when tubers are subjected to very high temperatures are stored where
the ventilation is so poor that the supply of oxygen is inadequate, or
results from a combination of both factors [33,34]. An oversupply of
carbon dioxide whereby the oxygen supply levels are reduced can be
another cause [25,26]. Black heart can also occur in the potato field
if high temperatures follow excessive rain which causes an oxygen
shortage in the soil. The internal symptom is a dark discoloration,
greyish to purplish or inky black. Generally, this discoloration is restricted to the heart of the tuber. Usually, the discoloured tissues are
sharply set off from healthy tissues. They are firm and leathery if they
have dried out [31,35]. In advanced stages affected tissues dry-out
and shrink, forming cavities. When tubers are cut soon after injury,
the exposed tissues are of normal colour. Shortly after exposure to air,
however, they turn pink, then grey, purplish, or brown, and finally become black. Sometimes only grey or brown discolouration is found.
This occurs when tubers have been heated to above 55°C or when they
have been deprived of all oxygen for considerable periods of time, as
in waterlogged soils or in flooded storage pits. The external symptoms
of blackheart, which rarely occur, are moist areas on the tuber surface.
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These areas may be purplish for a short time but, characteristically,
these discoloured areas are brown or black [1,29].
To control blackheart, it is recommended that high-temperature
storage should be avoided and storage areas should be well ventilated. Seed tubers in furrows should be covered as soon as possible
after planting and poorly draining fields should be avoided. After harvesting potatoes during hot weather, the tubers should be promptly
removed from the soil surface. To prevent oxygen shortages, tubers
should not be stored in solid piles higher than 1.8 meters, even at low
temperatures [1,7,24,25,29].

Internal brown spot
This physiological disorder is often confused with zebra chip. Internal brown spot is frequently called by other names such as internal
necrosis, internal brown fleck, internal rust spot, internal browning,
and, in part, sprain [24]. Affected tubers do not display foliage or
external symptoms of brown spot. Internal brown spot is characterized by irregular, dry, brown spots or blotches scattered throughout
the flesh of affected tubers. These spots are not restricted to the water
vessels, as in vascular diseases, but are often found in the central parts
of the tubers, in the vascular bundle ring. The spots are a result of
groups of dead cells that are free from bacteria and fungi [24,36]. The
primary cause of brown spot is shortages of calcium in the soil which
results in loss of integrity of cell membranes and cell walls under
stress conditions. Environmental factors that can lead potato tuber to
brown spot include: soil temperature, soil types and soil moisture.
Uptake of water and nutrients happens very slowly through the roots
if air temperature is high but the soil temperature is low, resulting in
water and nutrients being withdrawn from the tubers causing stress in
tuber cells. The roots end-up not performing optimally, resulting in insufficient water and calcium uptake, thus leading to the loss of membrane integrity which causes cells to die and turn brown [24-26,28].
Internal brown spot occurs most often in tubers grown in sandy soils
because their water holding capacity is low and soil temperature tend
to increase quickly; however, it has also been reported in potatoes
grown on muck soils [7,30,31]. A similar disorder in tomatoes caused
by lack of calcium is called blossom end rot.
Other factors that are implicated with this defect are lack of available soil moisture, particularly late in the growing season; lack of water at some critical stage in the growth of the plant because of either
poor soil texture or alternating wet and dry weather; and excessive
evaporation of moisture from the foliage. Internal brown spot can also
develop during storage if the calcium content is low and if tubers were
harvested under high temperature conditions [24,28,32].
To control this physiological disorder, favourable cultural conditions, such as proper irrigation practices and covering the tubers with
five centimetres or more of soil, reduce the severity of internal brown
spot. Sufficient calcium must be available for uptake where and when
tubers are formed. Opting for planting times to avoid high temperatures during tuber formation and harvesting, and ensuring calcium
uptake is not limited by an imbalance between nutritional elements
or unfavourable pH reduces risks associated with internal brown spot
[24,25,28,31,32].

Malformation
Malformation is often called second growth or knobby tubers.
This physiological disorder may result in tubers exhibiting different
J Agron Agri Sci
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malformation depending on when the growing malformation took
place, i.e., dumbbell, elongated, bottleneck or tubers with multiple
knob-like protuberances. This physiological disorder is often confused with herbicide damage. Malformation is a condition produced
in potatoes when high temperatures accompanied by moisture stress
and nutrient shortage during midseason, resulting to second growth
occurring on the main or primary tuber at sites where eyes are located
[25,26]. This abnormal growth may also be a result of irregular irrigation, especially when overheard irrigation methods like sprinklers and
pivots are used. No cultivar is resistant to malformation, but cultivars
with an elongated tuber shape (Mondial and Sifra) are more subject to
knobbiness than other varieties [24,29]. Other factors that play a role
in occurrence of malformation include poor plant population, single
haulm plants, incidence of diseases such as black scurf as well as size
and age of seed potatoes and insufficient fertilisation [7,24,27].
To control secondary growth (knobby tubers, there is need to;
provide uniform growing conditions through out the growing season.
Planting of potatoes should be done during the cooler times of the
year. Avoid production in periods when heat waves generally occur
usually during mid-summer. Irrigation should be maintained uniformly throughout the growing season especially in the warm areas like
the Lowveld of Swaziland. Avoid planting those varieties that tend to
be excessively knobby, such as Mondial and Sifra and plant varieties
(BP1 and Avalanche) that produce round tubers [24-27].

Cold damage
Cold damage can be confused with soft rot symptoms. Symptoms
are somewhat variable depending on the temperature, exposure period, and potato cultivar. Symptoms appear on warming after frost
due to probably extreme weather events, and due to climate change
which may manifest in the Highveld of Swaziland. Externally, the
tuber appears wrinkled and flabby, whereas internal tissues generally turn bluish grey to black in response to cold temperatures [24].
Chilling damage to tubers occurs at temperatures below 3°C or below
freezing point. Seed potatoes stored under conditions of insufficient
protection against low temperatures and cold winds, e.g., stacked under trees, are prone to cold damage [24,28,29]. Internal symptoms
include diffuse smoky grey areas inside the tubers. Tubers or portions
of tubers that have been frozen at temperatures below -1°C are soft
and watery. Frozen tissues tend to disintegrate and will eventually dry
out. Symptoms of chilling and freezing can, but do not always, occur
in the same tuber [28,29]. To manage this physiological disorder, harvested tubers should not be left on the field overnight, especially if
low temperatures are expected as in the cool season in the Highveld
of Swaziland. Do not dig if a frozen crust is present on the ground.
Frost protection should be provided in storage and in transit. Cultivars
that tend to bear shallow in areas with low temperatures at the end of
the growing season should be avoided. Harvest tubers close to the soil
surface first before the first cold front is expected [24,28,29].

Brown core/centre and hollow heart
Brown core and hollow heart are internal non-infectious physiological disorders that occur in potato tubers. These physiological
disorders are commonly known for having a region of cell death in
the pith of the tuber resulting in browning of tissue. Neither of these
disorders has been reported as harmful and neither affects the tuber’s
taste or nutrition. Brown core frequently precedes the development
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of hollow heart, but both these disorders often occur separately
[24,28,29].
Brown centre and hollow heart arise at a higher incidence when
growing conditions abruptly change during the season, such as when
potato plants recover too quickly after a period of environmental or
nutritional stress. When the tubers begin to grow rapidly, the tuber
pith can die and/or pull apart, leaving a void in the centre. Brown
centre and hollow heart effects likely form during tuber initiation but
could also form during tuber bulking [24,37]. Incidence of brown
core and hollow heart also increases with periods of stress because
of high or low moisture level, more so if the heavy water applications
follow a period of stress because of low moisture levels. If the disorder occurs during the early part of the season, then it is most often
preceded by brown centre and forms in the stem-end of the tuber,
while late-forming hollow heart [28,37].
Brown core and hollow heart can negatively affect tuber quality
as these disorders make cut fresh market tubers unattractive and can
result in most potatoes failing to make the grade. To prevent these
physiological disorders it is important to select varieties that are
known to be resistant and by planting when soil temperature reaches
adequate levels to lessen the occurrence of these physiological disorders. Potato should be larger and less aged to reduce brown centre
and hollow heart because of increased stem number per seed piece.
Other practises that can reduce incidence of brown core and hollow
heart include: achieving recommended stand establishment, avoiding
planting skips, and applying multiple split fertiliser applications especially nitrogen [24,28,37].

Vascular browning
Vascular browning is a physiological disorder that causes an unacceptable vascular browning and can cause economic losses to the
grower. The browning can be found in tubers in the potato field as
well as in storage during the first one to two months. Symptoms of
vascular browning include: vascular browning developing at the stolen end and vascular browning appears as speckled, light brown to
brown and even dark stripes. Immature tubers are more susceptible,
but vascular browning is common in tubers approaching maturity
[24,28]. This physiological disorder is associated with a combination
of low soil moisture and sudden foliage die-off as a result of chemicals, frost or mechanical removal, or a combination of these factors.
This physiological disorder can be accelerated by high temperature
during foliage die-off, resulting in the seriousness of discolouration.
Tuber-borne pathogens such as Verticillium and Fursarium and leaf
roll virus can also induce vascular browning. This physiological disorder can be managed by irrigating prior to foliage die-off, irrespective of the method of foliage die-off [24,28,36,38-40].

Spouting
When potato tubers are harvested, they normally undergo a rest
period through dormancy, an adaptation mechanism they use to survive unfavourable environmental conditions [41]. This rest period is
where potato derives its usefulness for cooking, processing as well
as for seed. Initially, the period is regulated by endodormancy. Following the endodormancy period, sprouting can occur anytime if not
controlled. However, its timing and regulation has been an area of
study for a long time. Sprouting results in quality loss through remobilisation of starch and proteins. As a consequence, sprouting is
J Agron Agri Sci
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accompanied by remobilisation of nutrients and shrivelling. Although
still vaguely understood, literature has linked it to sucrose, phytohormones, levels of ethylene and ABA [41]. Attempts have been made
to reduce sprouting disorder. These include regulation and control of
sucrose within the tuber, regulation of hormones signalling sprouting
and use of sprout inhibitors such as chlorpropham (isopropyl N-chlorophenyl carbamate, CIPC). In addition, management of environmental conditions promoting sprouting, including temperature control
continues to be useful in reducing sprouting. Pre and post-harvest
conditions controlling sprouting which need attention include day
length during the growth of tubers, nutrients, water supply and temperatures [28,37].

Netting
Netting in potatoes relates to a condition characterised by a network of fine cracks or fissures in the outer layers of the potato outermost skin, also known as periderm. Potato periderm comprise of
the three major layers, viz: the phellem, phellogen and phelloderm.
Netting tends to affect the phellem, which is the outermost layer of
the periderm. The disorder has been reported to start as faint lines and
creases which eventually become netted in appearance in about 2.5
to 5 months post harvesting. A number of factors have been linked
to this disorder. Immature periderm has been found to be susceptible
to physiological damage [42]. Variety, soil texture, depth of planting,
soil nutrition, soil temperature, water stress, water logging and length
of growing season have been cited to contribute to phellem thickness and maturity and hence development of netting disorder. Conditions that promote thick skins also predispose potato to skin cracking
characterised by resetting and netting. Water stress tends to increase
netting while depth of placement of potato tubers also increased incidences of netting. Storage temperature was also found to influence
netting disorder development, with low temperatures delaying netting. Literature on resetting is very scanty, so are control methods
[28,37].

Loose skin
Skin set is critical stage of potato growth which ensures that the
potato develops a skin that protects the potato from damage during
harvesting and handling. However, this process may require long periods to sufficiently develop, up to 40 days [43]. When it comes to
skin separation the activity of the phellogen comes into play [44].
Physical maturity is therefore important in determining the strength
of the phellem and hence the potato in storage. During maturation of
potato, various processes including suberization and integration in the
phellem of fatty acid biopolymers and waxes occur, strengthening the
skin of potato [43].

Management of skin physiological disorders
Current recommendations for the management of skin disorders
include ensuring that tuber maturation is not interrupted. Often, farmers use the vine maturity to determine harvesting and hasten to harvest
once vines show signs of maturity. Time should be allowed for the
phellem to develop and set before harvesting can be done. This should
be followed by adequate curing after harvest at optimum temperatures
will help reduce these disorders. Vine desiccants when applied should
be allowed sufficient time before potatoes is harvested, normally
about three weeks [43]. Other practices such as adequate irrigation
during tuber growth and maturation, appropriate fertiliser application
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and soil conditioning will promote development of strong skin and
reduce incidences on netting and loose skin [44].

Conclusion
Various physiological disorders of potato tubers occur under Swaziland agro-climatological conditions in all agro-ecological zones of
the Kingdom. Climate change conditions due to global warming often result in extreme weather events and are likely to increase the
incidence and severity of physiological disorders of potato tubers
subsequently affecting potato tuber quality, nutritional and security contribution. There is urgent need to educate farmers on positive identification of common physiological disorders and ways of
alleviating them including use of appropriate cultivars adapted to the
four agro-ecological zones. Once awareness has been acquired by researchers, extension officers and local farmers then the 2022 visions
becomes near reach so will be the Sustainable Development Goals
(SDS) pertaining to health, nutrition and food security.
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