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Abstract Trace elements occur in low quantities in the environment but have a crucial
importance. Some elements are essential for life whereas many elements exhibit
toxicity when exposure to them is too high. In this contribution, trace elements in
potato are addressed. Although potato is a crop growing in the soil, the tuber does not
intensively accumulate trace elements. Concentrations of trace elements are in the range
of other vegetables. Generally, potato exhibits a rather low nutritional value for trace
elements, with the exception of Fe, Cr, and Cu, although specific cultivars may provide
significant contributions to the intake of several elements. Trace element uptake
depends strongly on the plant and also on the growing environment. Soil properties
that influence uptake include pH, contents of clay and organic matter, and salinity. In
soils with baseline metal concentrations, concentrations of potentially toxic elements
are of no concern, but Cd needs to be monitored. Environmental care and good soil
management is a must to safeguard the safety of food, including potato.
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Introduction

Trace elements occur in low quantities in the environment, typically below 1 g/kg
(Kabata-Pendias 2010). Although not noticeable and sometimes difficult to measure,
they are important for various reasons. Specific elements are indispensable for organ-
isms to grow and complete their life cycle. An adequate supply of trace elements through
food is an important factor in ensuring public health. Trace elements have numerous
applications in various areas and thus are indispensable in our modern society. In
contrast to these benefits, trace elements might become toxic when exposure to them
exceeds certain limits. Environmental contamination with trace elements is very difficult
to revert, because trace elements cannot be degraded and persist in the environment.
This warrants the need for a careful use and management of trace elements.
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Uptake by food is an important route of exposure of humans to trace elements.
Crops such as potato may accumulate trace elements in levels that exceed proposed
maximum acceptable levels for human consumption without adverse effects on growth.
An increase in uptake of essential trace elements may be desirable in many cases,
considering that more than half of the world’s population is estimated to be affected by
deficiencies of microelements (Zhao and McGrath 2009).

The potato is the world’s fourth largest food crop and is a staple in many diets
around the world (Ozturk et al. 2011). It is thus important to assess the status of trace
elements in this crop. In this contribution, various aspects in relation to trace elements
in potato are addressed. A first section provides general concepts related to trace
elements in the environment. Then, common trace element concentration ranges in
soils and in potato are explored, with reference to other vegetables. The subsequent
section focuses on the relative importance of potato in contributing to the daily intake
of trace elements. Finally, environmental and plant-related factors that affect the uptake
of trace elements in potato are explored.

Materials and Methods

Survey

To investigate the relation between trace element contents in potato tuber and soil
properties in agricultural soils containing baseline levels of elements, a small survey
was conducted. In spring 2014, potato and topsoil (0–30 cm) were sampled on 21
agricultural fields in Flanders, Belgium. All potatoes were of the cultivar Bintje, which
is widely grown in Europe. Soil samples were dried to constant weight at 105 °C and
ground using a pestle and mortar to pass a 2-mm sieve. The peel of the potato tubers
was removed, and the tubers were rinsed using tab water, blotted with a towel, and cut
into pieces of about 1 cm3. After determination of wet mass, the potato was dried for
several days at 60 °C until constant weight. Subsequently, the dried plant material was
powdered in a stainless steel cross beater mill (Culati AG, Zurich, Switzerland) and
stored before analysis in polyethylene vials.

Soil conductivity was measured with a WTW LF 537 electrode (Wissenschafltich-
Technischen Werkstäten, Weilheim, Germany) after equilibration for 30 min in deion-
ized water at a 5:1 liquid/solid ratio and subsequent filtering (white ribbon; Schleicher
& Schuell, Germany). To determine the pH in a water suspension, (pH-H2O), 10 g of
air-dry soil was allowed to equilibrate in 50 ml of deionized water for 24 h. For
determination of the pH in KCl (pH-KCl), 50 ml of 1 M KC1 was added to 10 g of air-
dried soil and allowed to equilibrate for 10 min. The pH of the supernatant was
measured using a pH glass electrode (Model 520A, Orion, Boston, MA, USA).
Organic matter was assessed using the method of Walkley and Black (Nelson and
Sommers 1982). Soil metal content was determined after aqua regia digestion (Van
Ranst et al. 1999). Metal contents in potato were determined after wet digestion in
HNO3/H2O2 (Du Laing et al. 2003). Trace element analysis was performed using ICP-
OES (Varian Vista MPX, Varian, Palo Alto, CA, USA). The quality of the analyses was
checked by analyzing procedural blanks, standards, and certified reference material
(ryegrass, CRM 281).
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Compilation of Averages

Data on trace element concentrations in potato were compiled from literature.
References were selected that did not involve contamination studies, but that involved
surveys or measurements of common vegetables and potato in agriculture and on the
market. Elemental contents were recorded as concentrations on wet weight. Data on
vegetables and potato expressed on dry weight were converted to wet weights, using
dry matter contents provided by the author if available, but mostly using typical dry
matter contents for vegetables (Table 1). Published scientific work unfortunately not
always indicates explicitly whether reported contents are based on fresh weight or dry
weight. These references were not considered.

Reported averages or medians were recorded. In addition, maxima and minima and
the number of observations were recorded where available. When more detailed data on
individual observations were available, average, minimum, and maximum were calcu-
lated. Typical means reported in literature were calculated as the medians from the
recorded averages or medians. The range of reported means was calculated as the 10
and 90% percentile of these data. To indicate “typical” reported minima and maxima,
the 10% percentile of the reported minima and the 90% percentile of the reported
maxima was calculated to eliminate the influence of outliers in evaluating typical
ranges.

Plotting of Transfer Factors

The transfer factor was defined as the ratio between the concentration in the vegetable,
expressed in milligram/kilogram fresh weight, and that in the soil, expressed in

Table 1 Typical dry matter contents in vegetables

Vegetable Dry matter
content (%)

Vegetable Dry matter
content (%)

Vegetable Dry matter
content (%)

Beetroot 9 Dwarf French bean 10 Pumpkin 4

Black radish 8 Endive 5 Radish 4

Brussels sprout 14 Garden cress 5 Red cabbage 9

Cabbage 17 Green pea 14 Salsify 25

Carrot 10 Green pepper 5 Savoy cabbage 11

Cauliflower 8 Haricot 7 Spinach 8

Celeriac 11 Leek green part 10 Spring onion 14

Celery leaf 11 Leek white part 10 Tomato 4

Celery stem 6 Lettuce 5 Turnip 7

Chervil 9 Mushroom 18 Watercress 8

Chicory 5 Onion 12 White cabbage 8

Chinese cabbage 3 Parsley 14 White celery leaf 6

Courgette 4 Pea 21

Cucumber 4 Potato 20

Compiled from Willaert (unpublished data) and Tahvonen (1993)
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milligram/kilogram dry soil (Kiekens and Camerlynck 1982). To calculate average
transfer factors, typical worldwide soil concentrations were calculated as the inverse log
of the median of the log-transformed values of minimum and maximum of the range of
average concentrations reported worldwide. For concentrations in plant or potato, the
medians of averages and medians found in literature were used.

Recommended Daily Intake

The observations of the survey were used to estimate the contribution of potato to the
recommended daily intake of selected trace elements. An intake of 150 g of potato was
assumed. Values for acceptable daily intake were taken from Anonymous (2001).

Trace Elements in the Environment: General Concepts

The soil is the primary source of trace elements for plants and the entire ecosystem
developing on it. Normal concentrations of many trace elements in unpolluted soils are
between 1 and 100 mg/kg dry soil (Table 2). Some occur at much lower levels, e.g., Cd,
Hg, Mo, Se, and Sn. Exceptions are Fe and Mn, which can be major constituents in
particular soils. Wide ranges in the average concentrations indicate a marked variability
between regions of the world, which is largely related to the nature of the parent
material from which the soils developed (Kabata-Pendias 1993).

Trace elements in the soil are distributed over different compartments and com-
pounds. They exist in a variety of chemical associations and binding forms that strongly
differ in reactivity. In the soil solution, elements can exist in their free ionic form, e.g.,
as the hydrated cations Cd2+, Cu2+, and MoO4

2−, but also as inorganic complexes or

Table 2 Range of average
concentrations of trace elements
reported worldwide for soil
(mg/kg dry matter, percentage by
mass where noted)

Compiled from Kabata-Pendias
(2010)

Range of average concentrations

Al 0.45–10%

As <1–95

B 9–85

Cd 0.07–1.1

Co 1–40

Cr 65

Cu 6–60

Fe 0.5–5%

Hg <0.4

Mn 10–10,000

Mo 0.013–17

Ni 1–100

Pb 10–67

Se 0.4

Sn 1–11

Zn 17–125
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complexed to a variety of organic ligands. The latter include small organic compounds
such as citrate or acetate and large organic compounds that constitute the dissolved
organic carbon in solution. The free elements are believed to be the most available to
plants (Parker et al. 2001). Complexes in the soil solution, however, may enhance plant
uptake of elements because they contribute to maintain the activities of free ions in the
solution (Tack 2010).

Trace elements present in the soil solid phase include adsorbed, complexed, or
occluded fractions. Trace elements which are superficially adsorbed or complexed with
solid-phase components, such as clay minerals, hydrated oxides of iron and manganese,
or organic matter, are more or less exchangeable with the soil solution. When occluded
within soil solids such as hydrous oxides of iron and manganese, carbonates, or organic
matter, they are at least temporarily unavailable for exchange with the soil solution and
hence plant uptake, unless they are again exposed to the soil solution when the phase
concerned is partially dissolved or destroyed (Tack 2010). Trace elements that are
structurally incorporated in soil minerals are largely immobile. Nevertheless, root
exudates of the growing plant still may release the minute amounts they need even
from these highly insoluble compounds (Kabata-Pendias 1993).

The distribution of trace elements between these forms is governed by physico-
chemical reactions of sorption/desorption and dissolution/precipitation. The prevailing
reactions and the extent by which they proceed is determined by the physicochemical
environment, notably pH and redox potential. As the soil is continuously subject to
changes effectuated by environmental conditions and biological activity, and because
many reactions in the soil are very slow, a soil system never is in true thermodynamical
equilibrium (Sparks 2001).

Many trace elements are not known to have a biological function at low concentra-
tions. A limited number of elements, however, have been shown to be indispensable for
the growth and development of organisms. Even if only very low amounts are needed,
absence of these will render the organism unable to complete its life cycle (Arnon and
Stout 1939). For plants, essential trace elements include boron (B), copper (Cu), iron
(Fe), manganese (Mn), molybdenum (Mo), and zinc (Zn). Apart from B, these elements
are also essential for animals and humans. These organisms additionally rely on cobalt
(Co), chromium (Cr), fluorine (F), nickel (Ni), selenium (Se), and vanadium (V) as
essential micronutrients (Alloway 1990; Kabata-Pendias 2010).

In the 1950–1960s, some serious incidents involving severe trace element toxicity
problems have occurred. These have triggered public and scientific attention to issues of
trace element contamination. In Toyama, Japan, a region downstream of a mining area
was contaminated with metals causing the downstream population to be chronically
exposed to elevated concentrations of Cd in rice. This was shown to be at the origin of an
endemic disease. Serious deformities of the bones was one of the most striking symp-
toms of the so-called itae-itae disease (Nogawa 1981). Also in Japan, widespread
mercury poisoning in the region around Minamata Bay caused serious health problems,
referred to as “Minamata disease.” Mainly fishermen and their families were affected.
They consumed local fish and shellfish that proved to be strongly contaminated with
mercury discharged from a local chemical plant (Sakamoto et al. 2001). Unfortunately,
the “Arsenic Crisis” in Bangladesh and West Bengal is an example of a contemporary
issue with trace elements. It is caused by the chronic exposure of about ten million
people to excessive As concentrations in water from tube wells, which was consumed as
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drinking water and used for irrigation in agriculture. Symptoms include arsenic-induced
skin lesions and hyperkeratoses, i.e., hardened patches of skin that may develop into
cancers (Bagla and Kaiser 1996; Tondel et al. 1999).

Trace Element Contents in Vegetables and Potato

Table 3 presents a compilation of concentration data of trace elements in vegetables in
general, bulbs and roots, and potato in particular. Expressed on a fresh weight basis, trace
elements in vegetables usually are at levels below 1mg/kg. Some elements that are essential
for plants are found in levels in the order of 10 mg/kg fresh weight (Cu, Fe, Mn, Zn).

The extent by which vegetables in general and potato in particular take up elements
from soils may be inferred by plotting the overall ratio of plant metal contents versus soil
contents (Fig. 1). The transfer factor, i.e., the ratio between metal concentrations in the
plant and that in the soil (Kiekens and Camerlynck 1982), is highest for the four essential
elementsMo, Fe, Zn, and Cu. The first is an essential element that naturally occurs in very
low concentrations in the soil. Molybdenum plays a role in the nitrogen assimilation of
plants. Cadmium as a non-essential trace element also exhibits a relatively high transfer
factor. Geochemically, it behaves verymuch similar to Zn (Smies 1983). Its relatively high
mobility and availability to plants is a reason why this element is of concern.

The transfer factors toward the potato tuber are superimposed on the graph and
reveal similarities and differences with the trend observed for vegetables in general.
Potato appears to have a higher tendency to accumulate Fe, Zn, Mn, and Cr than
average vegetables. Accumulation of the essential element Cu tends to be lower than
that for vegetables in general.

Figure 2 provides a more detailed view of the average content of selected trace elements
compared to other vegetables. Vegetables are plotted in order of decreasing average
concentrations. Except for Cr and Cu, typical concentrations in potato tuber are in a mid-
range, common to many other vegetables. Intervals indicate typical ranges that have been
reported in literature. They may be limited by the available data and thus do not necessarily
indicate a true tendency of a vegetable to exhibit more or less variability in metal contents.
Overall, potato tubers exhibit moderate trace element concentrations, despite being a crop
that grows in the soil. It should be noted that potato is a vegetable with a relatively high dry
matter content (about 20%) compared to many other vegetables (e.g., leek and carrot, about
10%; leafy vegetables and tomato, 5% and below). Hence, when expressed on the basis of
dry matter content, potato would shift to lower positions on these graphs.

Daily Intake of Trace Elements Through Potato

Potato is a staple food in many countries and thus has the potential to contribute
significantly to the intake of trace elements through the diet in these countries.
Although potato usually is considered to contribute primarily carbohydrates and energy
to the diet, it is also an important contributor for a few essential elements, notably Fe,
Cu, and Cr. For Cu, potato ranked after bread as the second most important contributor
of Cu to the diet in the Netherlands (13% of the total daily intake) and in Germany (7%)
(Van Dokkum et al. 1989; Van Dokkum 1995). For Fe, bread was estimated to
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Table 3 Concentrations of trace elements in potato reported in literature (mg/kg fresh weight)

Reported means Reported maxima

Element Vegetable n Median 10% 90% n 90%

Al Potato 5 0.93 0.77 3.92 2 3.90

Bulbs and roots 14 1.21 0.75 4.59 4 11.9

All 42 0.95 0.28 8.30 15 30.6

B Potato 8 0.32 0.17 0.66 3 0.71

Bulbs and roots 23 0.31 0.06 1.32 7 0.72

All 96 0.32 0.04 1.92 36 0.79

Cd Potato 30 0.021 0.008 0.067 20 0.30

Bulbs and roots 50 0.020 0.004 0.067 28 0.25

All 156 0.010 0.002 0.062 80 0.19

Co Potato 12 0.025 0.008 0.088 7 0.62

Bulbs and roots 22 0.009 0.001 0.081 8 0.61

All 49 0.005 0.000 0.034 11 0.59

Cr Potato 16 0.054 0.008 0.422 12 2.00

Bulbs and roots 25 0.049 0.008 0.257 19 0.87

All 80 0.030 0.006 0.081 65 0.22

Cu Potato 27 0.89 0.39 1.73 21 3.23

Bulbs and roots 46 0.72 0.14 1.72 29 3.25

All 132 0.43 0.14 1.70 83 4.00

Fe Potato 21 7.78 3.94 13.3 18 34.2

Bulbs and roots 35 4.51 2.52 12.5 23 47.4

All 88 4.25 1.99 9.68 50 26.9

Hg Potato 5 0.001 0.001 0.003 2 0.005

Bulbs and roots 11 0.002 0.001 0.004 6 0.032

All 41 0.002 0.001 0.005 26 0.040

Mn Potato 24 1.42 0.74 2.10 19 3.95

Bulbs and roots 43 1.40 0.60 3.19 27 7.24

All 118 1.61 0.73 4.20 70 9.41

Mo Potato 3 0.076 0.071 0.090 2 0.982

Bulbs and roots 4 0.073 0.028 0.089 2 0.982

All 13 0.060 0.022 0.091 2 0.982

Ni Potato 16 0.089 0.022 0.195 11 0.870

Bulbs and roots 32 0.080 0.014 0.204 18 0.814

All 96 0.082 0.013 0.270 55 0.838
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contribute most, followed by meat, and then by potato (9% for The Netherlands, 5% for
Germany) (Van Dokkum et al. 1989). Although Cr was not included in these studies, it
may be concluded from evaluating the trace element contents that potato may also
significantly contribute. Based on the concentrations of Cr of potato in Belgium, Cr
was estimated to contribute by 35% to the daily intake of the element. Contributions for

Table 3 (continued)

Reported means Reported maxima

Element Vegetable n Median 10% 90% n 90%

Pb Potato 21 0.014 0.002 0.298 10 2.078

Bulbs and roots 40 0.013 0.001 0.172 18 1.044

All 139 0.017 0.001 0.165 69 0.522

Se Potato 4 0.006 0.004 0.047 1 0.015

Bulbs and roots 14 0.004 0.000 0.013 2 0.014

All 33 0.003 0.000 0.016 3 0.047

Zn Potato 28 2.69 1.36 4.41 21 6.36

Bulbs and roots 47 2.52 1.34 4.28 30 7.49

All 137 2.50 0.95 6.54 88 12.1

Means reported in literature are summarized by the median and 10 and 90% percentiles of reported values.
Maxima reported in literature are summarized as the 90% percentile of reported values

n number of data reported

Data compilation based on Tsongas et al. 1980; Nielson et al. 1991; Larsen et al. 1992; Tahvonen 1993;
Jinadasa et al. 1997; Sanchez-Castillo et al. 1998; Biego et al. 1999; Anderson et al. 1999; Jorhem and Slanina
2000; Queirolo et al. 2000; Ysart et al. 2000; Lendinez et al. 2001; Rainey et al. 2002; Simsek et al. 2003;
Milacic and Kralj 2003; Parveen et al. 2003; Santos et al. 2004; Hajšlová et al. 2005; Muñoz et al. 2005; Singh
and Garg 2006; Radwan and Salama 2006; Oporto et al. 2007; Di Giacomo et al. 2007; Ekholm et al. 2007;
Choi and Jun 2008; Mansour et al. 2009; Sungur and Okur 2009; Sobukola et al. 2010; Šrek et al. 2010; Ismail
et al. 2011; Becker et al. 2011; Arnich et al. 2012; De Temmerman et al. 2014

Fig. 1 Average transfer factors of trace elements for vegetables in general and potato in particular. Transfer
factors are based on the ratio between fresh matter based concentrations in the plant and dry matter based
concentrations in the soil
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other elements were estimated as 12% for Cu, 8% for Fe, 6% for Mn and Zn, and 1%
for Ni.

The above are only averaged trends. The actual value of a particular potato harvest
in mineral nutrition depends primarily on the potato cultivar and also on the location
where the plant is grown. From an extensive survey involving 16 cultivars grown at
five locations, it was concluded that particular cultivars may provide significant
contributions to the recommended daily intake of Cu, Fe, Se, and Zn. Whereas Cu
and Fe more consistently exhibited a significant contribution to the ADI, this was not
the case for Se and Zn (Nassar et al. 2012).

Where potato is consumed as a staple food, it invariably constitutes one of the most
important contributors of the element Cd in the daily intake (López-Artíguez et al.
1993; Van Dokkum 1995; Ysart et al. 2000; Llobet et al. 2003; Santos et al. 2004).
Current European guidelines (European Commission 2006) restrict maximum levels of
Cd in the potato tuber to 0.1 mg/kg fresh weight. In a survey conducted in Flanders,
none of the samples exceeded this value (Cd concentrations in mg/kg fresh weight:
median, 0.017, min, 0.005, max, 0.078 mg/kg). The median average concentration for
Cd reported in literature is 0.021 (Table 3). One out of 29 references reported an average
Cd concentration exceeding 0.1 mg/kg. From the 20 references reporting maxima, 15 or
75% reported maximum values below 0.1 mg/kg fresh weight. Although this suggests
that there is essentially no general problem with Cd levels in potato, monitoring is
needed because there remains a possibility that reference values are exceeded even in
soils with baseline metal contents. There is a need for a good control on fertilizers and
soil amendments that, through their impurities, may introduce available Cd in the soil.

Factors Influencing Trace Element Concentrations in Potato

In cultivating crops, focus on management of trace elements is increasing. It is
estimated that more than half of the world’s population is affected by deficiencies of
the microelements Fe, Zn, Se, and I. Other elements that can be deficient include Ca,

Fig. 2 Trace element contents in various vegetables. Points are medians of averages reported in literature,
intervals point to 10% percentile and 90% percentile of reported averages

Potato Research (2014) 57:311–325 319



Mg, and Cu (Zhao and McGrath 2009). Traditional approaches to address malnutrition
include supplementation, food fortification, and diversification of the diet. A comple-
mentary approach has recently been proposed, where attempts are made to increase the
bioavailable concentrations of essential elements in edible portions of crop plants by
means of either breeding, plant biotechnology, the use of micronutrient fertilizers, or
enhancing of the bioavailability of micronutrients in the crop by manipulating the
compounds that promote or decrease their uptake (Frossard et al. 2000; White and
Broadley 2005; Zhao and McGrath 2009). Conversely, there may be a need to reduce
the uptake of potentially toxic non-essential metals such as Cd and Pb in order to
safeguard food safety and protect the population against excessive exposure to these
elements. Current European regulations stipulate that the potato tuber should not
contain Cd or Pb in excess of 100 μg/kg fresh weight (European Commission 2006).
As shown above, baseline total contents of these elements are not strongly below that
level, and considering the natural variability in metal concentrations, these levels may
be exceeded at times. In this context, it is increasingly important to manage trace
elements in soils and crops. This may not be easy because the uptake of trace elements
in vegetables is in a complex way governed by a multitude of factors, related to the soil
properties (soil components, nutritional state, soil chemistry), the plant (plant species
and cultivar, plant physiology), and the growing conditions (temperature, weather,
moisture regimes).

Soil Properties

The uptake of several trace elements in plants tends to be reduced at higher pH.
Specifically for potato, data from field surveys in Sweden revealed significant negative
correlations between Cd, Ni, Zn, Mn, Cu, and Al concentration in potatoes and surface
soil pH (0–25 cm) (Öborn et al. 1995).

In an extensive field study in Southern Australia, soil salinity was shown to
markedly increase the uptake of Cd in potato tubers (McLaughlin et al. 1994). This
was attributed to the use of saline irrigation waters. The observations included a wide
range of salinities (electrical conductivity between 0.07 and 1.43 dS/m in a 1:5 soil/
water extract). The chloride anion forms relatively strong complexes with the Cd2+ ion
and therefore mobilizes Cd and increases its availability.

Limited data from a survey in Flanders provide a first look into the relations
between soil properties, soil element contents, and concentrations in potato grown
in uncontaminated fields with baseline element concentrations. Contents for Cd,
Cr, Cu, and Zn in potato tubers are plotted in relation to soil properties in Fig. 3.
Trace element contents in potato tuber were within the general ranges found in
literature (Table 3). Two observations for Cd exceeded 0.06 mg/kg fresh weight.
Although still below the maximum limit for potato (0.1 mg/kg fresh weight), these
concentrations are markedly higher than typical averages reported in literature,
indicating a need to closely monitor concentrations of this element. All Pb
concentrations observed, in contrast, were low compared to typical averages
reported in literature and significantly below the maximum limits.

Relations between metal contents in potato tuber and soil properties are prac-
tically absent in these observations relating to soils with baseline metal contents
and a relatively limited variability in soil properties. Influences of soil properties,
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if any, are thus masked by the variability in the data. The lack of a relation
between total contents in soils and plants is evident. For example, for Cd, the two
observations with relatively high Cd contents were observed in soils with low total
Cd contents. The pH of these soils was also among the higher ones, which is
contradictory to the general notion that trace elements tend to be less mobile with
higher pH. In the context of food safety, where strict limits on total element
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contents in the crops may be imposed, it is useful to be able to predict the chances
of exceeding threshold levels in specific soils. More research will be needed to
develop practical models that allow to estimate the likelihood of exceeding certain
levels in the plant.

The relation between Cu and organic matter is the only exception where a generally
expected trend is also reflected in the data. Copper is known to be strongly associated
with organic matter (Alloway 1990; Kabata-Pendias 2010). High organic matter
contents in a soil are therefore expected to result in a stronger binding of Cu in the
soil and a reduced uptake in the plant. Although current data are limited, a reduced
range in Cu concentrations in the plant is observed with a higher organic matter content
in the soil.

Cultivar

Plant-specific mechanisms of plant metal tolerance and homeostasis play a major role
in determining the effective uptake of elements in a given growing environment
(Clemens 2001). There are large differences between plant species and even
within the same species (Florijn and van Beusichem 1993). Specifically for
potato, the strong differences in elemental content of potato between cultivars
and within cultivars when grown in different locations were convincingly shown
in the field study cited before (Nassar et al. 2012). In Tenerife, traditional
cultivars were shown to accumulate higher levels of Fe, Zn, and Cu than recently
introduced cultivars (Rivero et al. 2003). Sixteen potato cultivars grown at
Erzurum, Turkey, showed a considerable variation in trace element concentrations
(Ozturk et al. 2011).

Influence of Agricultural Practices

There has been concern that modern cultivars and/or agronomic practices have
resulted in reduced concentrations of trace elements essential to human nutrition in
edible crops. This was found to be only partially true (White et al. 2009). The
application of fertilizers influences the trace element content in potato in a complex
manner that depends on effects of soil chemistry and interactions between trace
elements in the plant. Higher-yielding varieties occasionally have lower concentra-
tions of some mineral elements in their edible tissues than lower-yielding varieties
(White et al. 2009). The concentrations of As, Cd, Cr, Cu, Fe, Mn, Pb, and Zn in
tubers were not significantly affected by fertilizer treatment although pig slurry
supplied substantially higher amounts of Cu and Zn to the soil than were taken up
by the tubers (Šrek et al. 2010). The effect of organic farming versus conventional
farming was investigated in a couple of studies (Jorhem and Slanina 2000; Hajšlová
et al. 2005). Both studies concluded that there were no systematic differences in
trace element contents between potato grown conventionally or organically and that
organic farming, at least in the short term, does not necessarily result in reduced
levels of Cd and other potentially harmful elements in the crops. Variabilities
among years, variety, and geographical factors were considered equally or more
important in determining the quality of potatoes than the farming system (Hajšlová
et al. 2005).
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Conclusions

Trace elements, despite their low concentrations, have a crucial importance. Some
elements are indispensable for life. Many elements have various uses and are indis-
pensable in modern society. However, trace elements are potentially toxic, and wrong
handling may cause serious environmental issues that are very difficult to revert. Trace
elements thus must be carefully managed.

Although potato is a product growing in the soil, the tuber does not intensively
accumulate trace elements. Concentrations of trace elements are in the range of other
vegetables. Generally, potato exhibits a rather low nutritional value for trace elements,
with the exception of Fe, Cr, and Cu. In soils with baseline metal concentrations, there
are no indications for concern with potentially toxic elements although Cd needs to be
monitored. Environmental care and good soil management is a must to safeguard the
safety of food, including potato.
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