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Abstract – Interest in nutrient absorption and accumulation is derived from the need to increase crop productivity by better nutrition and also to
improve the nutritional quality of plants as foods and feeds. This review focuses on contrasting data on the importance for human health of food
mineral nutrients (Ca, Mg, K, Na and P) and also the trace elements considered essential or beneficial for human health (Cr, Co, Cu, Fe, Mn,
Mo, Ni, Se and Zn). In addition, environmental stresses such as salinity, drought, extreme temperatures and light conditions that affect mineral
content were revised in the light that the effect of these factors depends on the species or cultivar, and the specific plant organ, as well as the
intensity and duration of the stress. Differences between inorganic and organic fertilisation practices on the mineral levels were also analysed
to evaluate the influence of external factors on the quality of plant-based foods.
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1. INTRODUCTION

One of the most important challenges for agriculture, be-
sides enhancing food production, is to provide almost all the
essential minerals and organic nutrients to humans for main-
tenance of health and proper organ function. Humans need
more than 22 mineral elements; some of them are required in
large amounts, but others, such as Fe, Zn, Cu, I and Se, are re-
quired in trace amounts because higher concentrations can be
harmful (Welch and Graham et al., 2004; Grusak and Cakmak,
2005). Although vegetables constitute the main source of min-
erals in the human diet, crops do not always contain suffi-
cient amounts of these essential nutrients to meet dietary re-
quirements (Welch et al., 1997). Elements that might enhance
growth or that have a function in some plants (not in all plants)
are referred to as beneficial elements. Concerning mineral nu-
trients, deficiencies, including those of Ca, Zn, Se, Fe and I,
are almost certainly impairing the health and productivity of
a large number of people in the developing world, especially
poor women, infants and children (Graham et al., 2001). How-
ever, an excessive intake of minerals may also have a deleteri-
ous effect on the systemic physiology, that has led researchers
in the last few years to acquire accurate data on the mini-
mum requirements and toxic dosages of the minerals present
in food. The level of minerals in vegetables depends on a num-
ber of factors including genetic properties of the crop species,
climatic conditions, soil characteristics and the degree of ma-
turity of the plant at the moment of harvesting.

Consideration of the environmental consequences and soil
fertility practices are an essential component of the research in
plant nutrition. Thus, some plant nutrients, such as potassium
and sodium, are involved in plant responses to salt and water
stress. Also, recommendations for amounts and application of
fertilisers are continually modified to optimise the quality of
the food production (Fig. 1).

2. MINERALS IN FOODS OF PLANT ORIGIN:
THEIR ROLE IN HUMAN HEALTH

Before attempting to modify the nutritional components in
plants destined for human foods, careful consideration must be
made in selection of minerals, their efficacy, and whether low

Figure 1. Agricultural practices and environmental stresses affecting
mineral composition in vegetables and fruits.

or high dietary intake could have unintended negative health
consequences. For selected mineral targets, the clinical and
epidemiological evidence clearly plays a significant role in
maintenance of optimal health, and they are limited in the diet
worldwide (Lachance, 1998). In the following, we summarise
the effect that essential or beneficial mineral nutrients have on
human health.

2.1. Calcium

The concentration of calcium (Ca) in foods of plant ori-
gin shows a wide range of variation. The lower values be-
long to apples (Malus domestica), green pepper (Capsicum
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annuum) and potatoes (Solanum tuberosum) (< 8.7 mg/100 g)
and higher values are present in broccoli (Brassica oleracea
L. var.italica) (100 mg/100 g) and spinach (Spinacia oler-
acea) (600 mg/100 g). Data on the mineral content of foods
are important and should be considered when recommend-
ing the daily intake of minerals, as the Recommended Daily
Allowance (RDA) for these nutrients is set out in the wide
range of 800–1300 mg/day (http://www.anyvitamins.com/rda.
htm). Calcium is an essential mineral for human health, par-
ticipating in the biological functions of several tissues (mus-
culoskeletal, nervous and cardiac system, bones and teeth, and
parathyroid gland). In addition, Ca may act as a cofactor in
enzyme reactions (fatty acid oxidation, mitochondrial carrier
for ATP, etc.) and it is involved in the maintenance of the
mineral homeostasis and physiological performance in gen-
eral (Theobald, 2005; Huskisson et al., 2007; Morgan, 2008;
Williams, 2008). Recent reports showed the unequivocal role
of Ca as a second messenger (Morgan, 2008). With respect
to disease prevention, Ca intake moderately reduces the risk
of colon cancer (Pele et al., 2007; Peters et al., 2004). An in-
crease in Ca intake during pregnancy is recommended to pre-
vent risk of pre-eclampsia (Peters et al., 2004). Several stud-
ies have shown an association between suboptimal Ca intake
and osteoporosis, hypercholesterolemia and high blood pres-
sure (Unal et al., 2007). Although Ca levels undergo homeo-
static controls to avoid an excessive accumulation in blood or
tissues, there are a number of conditions that result in an ex-
cess of Ca within the body because of a failure in the control
mechanisms: hypercalcaemia may occur as a result of either
increased mobilisation of Ca from bone, or increased tubular
reabsorption or decreased glomerular filtration in the kidneys,
and less frequently, as the result of an increase in the dietary
intake (Theobald, 2005).

2.2. Magnesium

Magnesium (Mg) has a strong presence in vegetable foods
and also shows a critical role in the maintenance of human
health through the diet. Vegetables and fruits contain, in gen-
eral, Mg2+ in the range of 5.5–191 mg/100 g fresh weight;
and the recommended daily intake is 200–400 mg (http://
www.anyvitamins.com/rda.htm). This essential mineral acts
as a Ca antagonist on vascular smooth muscle tone and on
post-receptor insulin signalling. It has also been related to en-
ergy metabolism, release of neurotransmitters and endothelial
cell functions (Bo and Pisu, 2008). In addition, Mg partici-
pates with muscle and nerve excitability, as a cofactor of up
to 300 enzymes (Huskisson et al., 2007). Magnesium defi-
ciency is related to ageing and age-related disorders, mainly
as a consequence of deficient intake in the diet (Durlach et al.,
1998; Killilea and Maier, 2008). Recent findings showed that
an increase in the intake of this mineral helps to protect peo-
ple from the incidence of chronic diseases such as diabetes,
metabolic syndrome, hypertension and several cardiovascular
conditions (Bo and Pisu, 2008), where a low-Mg diet may con-
tribute to insulin resistance, especially when this deficiency is
combined with a high-fructose diet. Moreover, reduced Mg in-

take is linked to inflammatory response as a result of mod-
ulation of the intracellular-Ca concentration (Ahokas et al.,
2005; Rayssiguier et al., 2006). Magnesium toxic effects are
not frequent, the most common side effects of an excessive in-
take of this mineral being headache, nausea, hypotension and
unspecific bone and abdominal pain (Guerrero-Romero and
Rodríguez-Morán, 2005).

2.3. Potassium

Foods of plant origin have potassium (K) contents of 20
to 730 mg/100 g fresh weight, although some plants such as
‘Idaho’ potatoes (S. tuberosum), banana (Musa spp.) and av-
ocado (Persea americana) may all present high K contents
(> 700 mg/100 g fresh weight). Seeds and nuts are rich in
K, showing values significantly higher than those mentioned
above, up to 2240 mg/100 g. The recommended intake for this
mineral is 3500 mg per day (http://www.anyvitamins.com/rda.
htm). Potassium plays a role in the maintenance of the bal-
ance of the physical fluid system and assisting nerve functions
through its role in the transmittance of nerve impulses. It is
also related to heart activity muscle contraction (Rosenthal
and Gilly, 2003; Schwarz and Bauer, 2004; Ko et al., 2008;
Lambert et al., 2008; Sobotka et al., 2008). However, K re-
quirements are also dependent on the physiological or patho-
logical moment. A deficiency may result in fatigue, cramping
legs, muscle weakness, slow reflexes, acne, dry skin, mood
changes and irregular heartbeat. Moreover, a reduced level of
K produces alkalosis, which makes the kidney less able to re-
tain this mineral. Excessive K can be toxic systemically when
associated with hyperkaelemia in a catabolic state accompa-
nied by oliguria (secondary to kidney failure) (Sobotka et al.,
2008).

2.4. Sodium

Raw vegetables and fruit juices contain relatively low levels
of sodium (Na) in the range of 2.28 to 94.0 mg/100 g and from
0.04 to 277 mg/100 g, respectively (Szefer and Grembecka,
2007). The role of Na in human physiology is related to the
maintenance of the balance of physiological fluids (blood pres-
sure, kidney function, nerve and muscle functions) (Sobotka
et al., 2008; Hall, 2003; Hall et al., 1999; French and Zamponi,
2005). The recommended daily intake for Na is 2400 mg
(http://www.anyvitamins.com/rda.htm). A deficiency is rare,
but it can happen in cases of diarrhoea, vomiting or excessive
sweating, and a shortage may lead to nausea, dizziness, poor
concentration and muscle weakness, etc. (Smith et al., 2000;
Soupart and Decaux, 1996). Excessive Na may be due to an
increase in absorption or a secondary condition to kidney al-
teration, causing high blood pressure and neurological com-
plications (Hall, 2003; Hall et al., 1999; Agrawal et al., 2008;
Kahn, 2008). Excessive long-term use of Na may also cause a
secondary loss of Ca.

http://www.anyvitamins.com/rda.htm
http://www.anyvitamins.com/rda.htm
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2.5. Phosphorus

Phosphorus (P) is present in vegetables in the range of
16.2–437 mg/100 g. The lowest content of P is shown in
fruits, which are in the range 9.9–94.3 mg/100 g (Szefer and
Grembecka, 2007). The phosphorus daily recommended in-
take is 800–1300 mg (http://www.anyvitamins.com/rda.htm).
Phosphate (PO3−

4 ) is required to produce ATP, GTP and CP as
energetic substances and to regulate the activity of a number
of proteins by means of phosphorylation reactions (Sobotka
et al., 2008). Phosphorus is closely related to Ca homeosta-
sis and also related to bone and teeth formation and the ma-
jority of the metabolic actions in the body, including kidney
functioning, cell growth and the contraction of the heart mus-
cle (Theobald, 2005; Szefer and Grembecka, 2007; Renkema
et al., 2008). Deficiency of this element is unusual but symp-
toms are described as painful bones, irregular breathing, fa-
tigue, anxiety, numbness, skin sensitivity and changes in body
weight. If Ca supply is also deficient, then the condition may
become severe because of increased risks of high blood pres-
sure and bowel cancer. Ingesting dosages of P exceeding 3–
4 g/day may be harmful as it can interfere with Ca absorption
(Ghosh and Joshi, 2008; Moe, 2008).

2.6. Chromium

The concentration of chromium (Cr) generally ranges from
4 × 10−5 to 6 × 10−3 mg/100 g in vegetables and 0.005 to
0.018 mg/100 g in fruits (Szefer and Grembecka, 2007). A
RDA for Cr is not well defined, but it is considered to be
between 25–35 µg/ day, fruits and vegetables being the ma-
jor dietary contributors of Cr intake (http://www.anyvitamins.
com/rda.htm). Because of its ‘micronutrient’ characteristics,
it is difficult to differentiate its content in foods from im-
proper food contaminations (Lukaski, 2004). It is well ac-
cepted that Cr is essential for normal blood glucose and lipid
metabolism and an insulin-coadjuvant (Huskisson et al., 2007;
Lukaski, 2004; Shenkin, 2008). Other biochemical actions for
Cr such as involvement in gene expression, energy produc-
tion, lipoprotein or lipid synthesis and metabolism regulation
have been also described (Shenkin, 2008). Deficiencies in Cr
are accompanied by glucose intolerance, weight loss and pe-
ripheral neuropathy (Shenkin, 2008). Moreover, low Cr lev-
els may increase the risk of cardiovascular diseases (Thomas
and Gropper, 1996). Chromium is not easily absorbed and
shows low levels in the organism, explaining the absence of
data on its toxicity. However, high doses of Cr have been re-
lated to chromosomal damage, alterations in the kidney and
liver, and metallic-mineral disorders (Guerrero-Romero and
Rodríguez-Morán, 2005).

2.7. Cobalt

There are not many data on levels of cobalt (Co) in
foods of plant origin in the scientific literature. The avail-
able data showed low levels of this micronutrient, often un-

der 0.001 mg/100 g, with the lowest levels observed in vegeta-
bles (Szefer and Grembecka, 2007). The RDA for Co has been
defined at around 300 micrograms (http://www.anyvitamins.
com/rda.htm). Cobalt is required in the haematopoiesis of red
blood cells and in preventing anaemia (Narasinga Rao, 2003).
Its function is closely related to the physiological role of vita-
min B12 in the production and maintenance of red blood cells.
Moreover, Co stimulates appetite, and promotes growth and
energy release (Kräutler, 2005; Mertz, 1981). Excessive intake
of Co may damage the heart muscles, elevate the haemoglobin
concentration, cause congestive heart failure and may cause
damage to the thyroid gland, reducing its activity (Barceloux,
1999).

2.8. Copper

Low levels of copper (Cu) have been described in vegeta-
bles, ranging from 0.004 to 0.24 mg/100 g, except legumes,
that can be up to 0.5 mg/100 g. Fruits contain small amounts
of Cu, ranging from 0.01 to 0.24 mg/100 g (Szefer and
Grembecka, 2007). The RDA of Cu ranges between 1.0
and 1.6 mg per day (http://www.anyvitamins.com/rda.htm).
Copper primary functions are related to enzyme function in-
cluding Phase-I detoxifying enzymes (i.e., the cytochrome C
oxidase family of enzymes) (Huskisson et al., 2007; Guerrero-
Romero and Rodríguez-Morán, 2005; Shenkin, 2008). In ad-
dition, Cu is also necessary for the development of connective
tissue and nerve coverings (myelin sheath) (Guerrero-Romero
and Rodríguez-Morán, 2005; Shenkin, 2008) and also par-
ticipates in the Fe metabolism (Huskisson et al., 2007;
Guerrero-Romero and Rodríguez-Morán, 2005). Copper may
be accumulated in the adult body (liver and brain) up to
a limit of 80 mg (Guerrero-Romero and Rodríguez-Morán,
2005), supporting deficient dietary intake, without inducing
clinical symptoms of toxicity for a short period of time.
Cu deficiency is not frequent in humans, although it can
cause several haematological symptoms such as normocytic,
hypochromic anaemia, leucopenia and neuropenia, and skele-
tal disturbances (Huskisson et al., 2007; Guerrero-Romero and
Rodríguez-Morán, 2005). Toxic levels of Cu have been related
to liver damage in chronic intoxication and gastrointestinal ef-
fects with cramps, nausea, diarrhoea and vomiting in acute
episodes (Guerrero-Romero and Rodríguez-Morán, 2005).

2.9. Iron

Iron (Fe) contents in vegetables and fruits are low, vary-
ing from 0.13 to 3.01 mg/100 g. The iron in foods of
plant origin is mostly present in the form of insoluble com-
plexes of Fe3+ with phytic acid, phosphates, oxalates and
carbonates. However, the bioavailability of the Fe present in
foods is less than 8%. Nuts and cocoa powder may be a
good source of Fe (16.1 and 25.8 mg/100 g, respectively;
Szefer and Grembecka, 2007; http://www.anyvitamins.com/
rda.htm). The recommended intake of iron is 8–18 mg per

http://www.anyvitamins.com/rda.htm
http://www.anyvitamins.com/rda.htm
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day (http://www.anyvitamins.com/rda.htm). The major func-
tion of Fe is related to the synthesis of haemoglobin and
myoglobin (Huskisson et al., 2007; Guerrero-Romero and
Rodríguez-Morán, 2005; Shenkin, 2008). It is also required for
energy production. The first reason for Fe deficiency is in-
adequate Fe intake (Lukaski, 2004). Severe Fe deficiency
results in hypochromic anaemia (Huskisson et al., 2007;
Guerrero-Romero and Rodríguez-Morán, 2005). Toxic lev-
els of Fe in the body may be a consequence of genetic or
metabolic disorders, frequent blood transfusions or excessive
intake. An excess of Fe over a long period could result in
liver and heart damage, diabetes, and skin changes (Fraga and
Oteiza, 2002).

2.10. Manganese

Fruits and vegetables are also characterised by a low
content of manganese (Mn). Vegetables contain Mn in the
range 0.01–0.078 mgh/100 g and fruits 0.01–0.66 mg/100 g
(Szefer and Grembecka, 2007). The recommended intake
of Mn is 2 mg/day (http://www.anyvitamins.com/rda.htm),
and its main physiological function is being an enzyme co-
factor involved in antioxidant reactions related to the glu-
cose metabolism (metabolism of carbohydrates and gluco-
neogenesis; Huskisson et al., 2007; Guerrero-Romero and
Rodríguez-Morán, 2005; Shenkin, 2008). Deficiencies in Mn
are extremely rare but have shown a reduction in cholesterol,
red blood cells and mucopolysaccharide abnormalities. Un-
der experimental conditions signs of a scaly rash and low
levels of plasma cholesterol have been observed (Shenkin,
2008). An excess of Mn produces a toxic effect in the brain,
causing a Parkinson-like syndrome (Guerrero-Romero and
Rodríguez-Morán, 2005; Shenkin, 2008).

2.11. Molybdenum

Molybdenum (Mo) is present in plant-based foods, nor-
mally at low levels. However, certain foods may concen-
trate extremely high levels of Mo. The range of variation
between foods is very wide (from 1 × 10−6 mg/100 g in
wine to 0.15 mg/100 g in peas). Canned vegetables contain
up to 0.03 mg/100 g (Szefer and Grembecka, 2007). Doses
< 250 µg are considered safe (http://www.anyvitamins.com/
rda.htm). Molybdenum function is related to the turnover of
amino acids and purine metabolism, assisting in the elimina-
tion of secondary dangerous compounds (nitrosamines). Fur-
thermore, Mo is a cofactor for oxidant enzymes, especially
sulphite oxidase and xanthine oxidase (Shenkin, 2008). A Mo
deficiency constitutes a hereditary metabolic disorder charac-
terised by severe neurodegeneration, resulting in early child-
hood death (Schwartz, 2005). Toxic quantities and excess
of Mo may interfere with the metabolism of Co and might
give symptoms of anaemia and slow growth (Xiao-Yun et al.,
2006).

2.12. Nickel

Vegetables usually present nickel (Ni) levels in the range
of 5 × 10−4 to 0.28 mg/100 g, and fruits between < 0.004
and 0.05 mg/100 g (Szefer and Grembecka, 2007). The rec-
ommended daily intake of Ni is in the range of 302–735 µg
(Roychowdhury et al., 2003).

2.13. Selenium

The concentration of selenium (Se) ranges from 10−4 to
0.06 mg/100 g in foods of plant origin (Szefer and Grembecka,
2007). Seventy micrograms per day is taken as the re-
quired dosage for this micronutrient (http://www.anyvitamins.
com/rda.htm). Selenium is an essential component of se-
lenoproteins, which are implicated in antioxidant reactions
(Guerrero-Romero and Rodríguez-Morán, 2005). In addition,
although Se functions are not fully known, it seems that it
also presents activity related to thyroid and immune system
functions through its intervention (Shenkin, 2008). Selenium
is associated with marked reductions in risks of several types
of cancer (Combs, 2004) and its deficiency may contribute
to heart disease, hypothyroidism and deficiencies in the im-
mune system (Guerrero-Romero and Rodríguez-Morán, 2005;
Combs, 2000; Zimmermann and Köhrle, 2002). An excess of
Se has been related to several symptoms including: gastroin-
testinal upset, hair loss, fatigue and mild nerve damage. How-
ever, Se toxicity is not frequent and is related to accidental
exposures (Guerrero-Romero and Rodríguez-Morán, 2005).

2.14. Zinc

The concentration of zinc (Zn) in plant-based foods gener-
ally varies from 0.05 to 11.8 mg/100 g. The lower levels of Zn
are found in fresh fruits (0.02–0.61 mg/100 g). Fruit juices
and beverages are characterised by low levels of Zn rang-
ing from 0.01–0.27 mg/100 g (Szefer and Grembecka, 2007).
Recommended daily Zn consumption ranges from 8–11 mg
(http://www.anyvitamins.com/rda.htm; Lukaski, 2004). It is
required for the structure and activity of more than 100
enzymes (Huskisson et al., 2007; Guerrero-Romero and
Rodríguez-Morán, 2005; Shenkin, 2008), for the synthesis
of nucleic acids and proteins, for cellular differentiation, and
for glucose use and insulin secretion (Lukaski, 2004). This
mineral takes part in the Zn fingers associated with DNA,
haemoglobin, myoglobin and cytochromes (Guerrero-Romero
and Rodríguez-Morán, 2005; Shenkin, 2008). The bioavail-
ability of Zn is reduced by the presence of large amounts of
other elements such as Fe or Cu (Shenkin, 2008). Zn defi-
ciency is relatively frequent and well characterised, and the
absence of Zn negatively affects the immune system efficacy,
and the sensibility of taste and smell senses, and impairs DNA
synthesis (Guerrero-Romero and Rodríguez-Morán, 2005;
Shenkin, 2008). It has also been described that Zn deficiency
produces hair loss and hypochromic anaemia (Shenkin, 2008).
Zn toxicity shows both acute and chronic effects. Intakes of
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Figure 2. Greenhouse experiment evaluating environmental stresses (salinity and drought) in horticultural crops.

150–450 mg per day over an extended period of time have
been associated with poor Cu levels, altered Fe and immune
functions, and reduced levels of HDL (Guerrero-Romero and
Rodríguez-Morán, 2005; Hamilton et al., 2001).

3. ENVIRONMENTAL STRESS AFFECTING
PLANT MINERAL CONTENT

Abiotic stresses such as high salt levels, low water avail-
ability and extreme temperatures can severely modify the min-
eral and nutritive quality of the crops for human consumption.
These types of external stresses are becoming increasingly im-
portant because of the global reduction in the availability of
water resources of good quality for irrigation, which indeed
is affecting the plant mineral status and consequently, the nu-
tritional quality of a given cultivar. To date, the reports have
mainly studied the influence of environmental stresses on the
carbohydrates (sugars), amino acids or antioxidant production
of vegetables and fruits, and most investigations have been fo-
cused on salinity as the main abiotic stress. However, there is
limited information about the influence of general abiotic fac-
tors on the mineral content of plant-based foods and food prod-
ucts as a bioindication of the food nutritive value and quality.
In general, the mineral nutrient contents change when external
conditions affect the plant growth (i.e., environmental stress)
and there is a reduced plant growth and reduced biomass at
harvest, accompanied by less dilution of nutrients on a dry
mass basis (Fig. 2).

3.1. Salinity

The use of saline water for irrigation may affect the min-
eral composition of plants and, therefore, the fruit quality. In a
saline environment, ion homeostasis can be disturbed by ex-
cessive uptake of Na+ and Cl−. Competition between these
and further anions and cations has been well documented
over the last 20 years (Sharpley et al., 1992; Lopez and Satti,

1996; De Pascale et al., 2005). Thus, in general, salinity re-
duces phosphate uptake and accumulation in crops as well as
Ca2+ soil bioavailability and transport, which affects the qual-
ity of both vegetative and reproductive organs including fruits
and edible parts of the plants. In addition, Na+ and Cl− ions
may reduce K+ and NO−3 uptake, respectively (Grattan and
Grieve, 1999). Under saline stress, a reduction in NO−3 con-
tent has been observed in edible florets of broccoli (Brassica
oleracea var. italica) and in tomato (Solanum lycopersicon)
(Lopez-Berenguer et al., 2009) and although the reports on the
effect of nitrate on human health are still conflicting, its reduc-
tion in foods could add a nutritional value to the cultivar of
interest (Anjana and Iqbal, 2007). Also, in these reports, con-
centrations of Na+ and Cl− were higher in the leaves than in
the florets, in agreement with the fact that under saline stress
plants attempt to minimise the concentration of toxic ions in
their reproductive organs (Hachicha et al., 2000). However,
Del Amor et al. (2001) found that in tomato fruits, total anion
Cl− and NO−3 concentrations increased by 11% as the salinity
level increased from 2 to 8 dS·m−1 but fruit K+, Na+, Ca2+

and Mg2+ contents were reduced significantly by salinity lev-
els. Interactions between salinity and fertilisation have been
described and concentrations of P, K+, Mg2+, Cu and Zn sig-
nificantly decreased at high salinity and when urea was used as
a nitrogen source. In this case, the total nitrogen concentration
was not affected. Other studies on tomato and salinity showed
that fruit Ca2+ was also decreased by salinity or NH+4 , with the
negative effect of NH+4 being higher than the effect of salinity
(Flores et al., 2003).

On the other hand, saline stress is a condition that may
cause a combination of complex interactions affecting the
plant metabolism or the inner nutritional requirements, but
little information on the distribution of essential minerals in
plants for foods grown under salinity has yet been published.
Moreover, the effects of salinity on mineral contents are often
equivocal depending on the species or cultivar and the specific
plant organ (De Pascale et al., 2005). On this subject, it has
been reported that salinity can originate stimulatory as well
as inhibitory effects on the uptake of some micronutrients by
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crop plants. Thus, as recently observed in two strawberry cul-
tivars under salt stress, the mineral status of the berries was
improved (increased Na+ and Cl− , as well as N and P con-
tents), but a different response was detected for K+ and Zn,
which remained unaffected in the less-sensitive cultivar, and
rose in the sensitive cultivar (Keutgen and Pawelzik, 2008).

The uptake of Fe, Mn, Zn and Cu generally increases in
crop plants under salinity stress (Alam, 1994). However, the
detrimental effects of NaCl stress on the nutrition of bean
plants reflected differences in distinct plant organs and showed
higher concentrations of Cl− and Mn in roots, Cl−, Fe and Mn
in leaves, and Cl− and Fe in fruits (Carbonell-Barrachina et al.,
1998). Therefore, when applying moderate salinity levels for
quality improvement, it is necessary to consider changes in the
pool of mineral nutrients depending on the sensitivity of the
cultivar and differences in mineral accumulation in the plant
organs in order to avoid negative effects of the treatment.

In the fruits of courgette plants (Cucurbita pepo L. var.
Moschata) an 80 mM NaCl treatment improved yield and fruit
quality (Víllora et al., 1999) and significantly increased the
concentrations of micronutrients (Fe and Zn mainly) in the ed-
ible part of this crop (Víllora et al., 2000). In addition, the
concentrations of total Mn and total extractable Fe, Cu and Zn
followed no linear pattern in response to the increased NaCl
concentrations. These results for courgette contrast with find-
ings for tomato, squash and green beans, in which the level
of each microelement reportedly fluctuates with salinity, per-
haps due in part not only to the salt treatments but also largely
to the type of crop and the cultivar used in each experiment
(Grattan and Grieve, 1999). In a recent report, Ca2+, Mg2+,
K+ and Mn contents decreased in the hot pepper fruits of a
sensitive cultivar of Capsicum annuum L. as NaCl concentra-
tion increased (Ramirez-Serrano et al., 2008). Some studies
on salinity in grafted plants of a “Star Ruby” grapefruit scion
on two rootstocks, “Cleopatra” mandarin and “Carrizo” cit-
range, showed that fruits from saline treatment on “Carrizo”
had Cl− and Na+ concentrations (2,87 and 1,6 times higher, re-
spectively) than fruits from no saline treatments. Moreover, in
the first harvesting, salinity increased K+ concentration in the
juice of fruits from trees grafted on “Carrizo” and treatments
with 30 mM of NaCl decreased Ca2+ concentration in fruits
from trees grafted with both rootstocks. However, salinity had
no major effect on juice K+ concentration on the second har-
vesting date or on juice Mg2+ concentration at both sampling
times (García-Sánchez et al., 2003).

Plants respond to environmental stress by synthesising sig-
nalling molecules that activate a range of signal transduction
pathways. Several such signalling molecules have been identi-
fied in plants such as Ca, jasmonic acid (JA), ethylene (C2H4)
and salicylic acid (SA) derivatives. However, the effect of sig-
nalling molecules applied externally under stressful conditions
(saline treatments) on the plant mineral uptake is not fully un-
derstood or well documented. Positive effects of SA on the ion
uptake, and inhibitory effects on Na+ and Cl− uptake have been
described for maize plants under salinity (Gunes et al., 2007).
Similar effects of SA on the Na+, K+, Ca2+ and Mg2+ con-
tents in wheat plants grown under salinity have been described
(Al-Hakimi and Hamada, 2001).

In addition to its role as a cellular messenger, effects of Ca2+

on integrity of membranes, rigidity of the cell wall, and main-
tenance of cell-to-cell contact are reported. Supplemental Ca2+

has been successful in improving crop quality due to the cor-
rection of Ca2+ deficiencies induced by Na+. Under osmotic
stress, the distribution of Ca2+ to the distal end of fruits is
decreased, leading to a local deficiency of Ca2+ that causes
rotting at the distal end of fruits known as blossom end rot
(BER) (Ho et al., 1993; Saure, 2001; Guichard et al., 2001).
However, BER is known to be affected not only by one fac-
tor, but also by interactions between water availability, salinity
and nutrient ratios in the root zone, and the product of average
daily solar radiation and air temperature, root temperature and
air humidity (Adams and Ho, 1993; Ehret and Ho, 1986). In
apples, it has also been observed that low Ca contents are as-
sociated with bitter pit disease (Fucumoto et al., 1987) or pit
breakdown (Tomala and Dilley, 1990).

In general, salinity influences the uptake and transport of
other ions by the plant and such antagonism could occur be-
tween Na+ and Ca2+, K+ or Mg2+ and between Cl− and NO−3 .
These effects may be involved in the occurrence of nutritional
disorders in plant tissues, affecting food quality.

3.2. Drought

Limited water supply in many areas of the world, espe-
cially in arid and semiarid regions, is a major problem in ir-
rigated agriculture. In recent years, it has become clear that
the maintenance of a slight water deficit can improve the par-
titioning of carbohydrates to reproductive structures such as
fruit and also control excessive vegetative growth (Chalmers
et al., 1981). This is called “regulated deficit irrigation”, con-
sisting of irrigation input being removed or reduced for spe-
cific periods during the growth cycle of crops (Chalmers et al.,
1986). This technique results in more efficient use of irriga-
tion water and often improves product quality (Turner, 2001).
Rouphael et al. (2008) showed that using three different levels
of irrigation based on evapotranspiration (ET) rates (1.0, 0.75
and 0.5 ET) and two grafting treatments on watermelon plants
no significant differences among treatments were observed for
P and Ca2+ concentrations, whereas K+ and Mg2+ concentra-
tions were significantly improved by both the irrigation rate
and grafting combination with no significant differences be-
tween irrigation and grafting interaction.

Drought and salinity can differentially affect the mineral nu-
trition of plants. While salinity may cause nutrient deficiencies
or imbalances, due to the competition of Na+ and Cl− with
other nutrients such as K+, Ca2+ and NO−3 , drought can affect
nutrient uptake and impair translocation of some nutrients.

It has been recently reported that in banana, the main ef-
fect of drought was to reduce K+ levels, which is the ma-
jor mineral nutrient in this fruit. By contrast, the content of
certain elements increased (i.e., Ca2+, Na+, Fe and Zn), or
remained stable (i.e., N, P, Mg2+, Mn and Cu) under the
drought treatment, which also generated a positive effect on
the organoleptic properties of the fruit (Mahouachi, 2007). Af-
ter rehydration, the mineral content of the bananas was similar



302 M.C. Martínez-Ballesta et al.

between stressed and non-stressed plants. These data illustrate
the ability of this cultivar to maintain relatively normal levels
of minerals and functional fruit tissues after dehydration de-
spite the long period of water stress. Nonetheless, the fruits
lost their commercial value to a certain degree (reduced size
and biomass) after the period of water stress.

Wild plants play an important role in the diet of inhab-
itants in different parts of the world. These plants tend to
be drought-resistant and are gathered both in times of abun-
dance and times of need, and for this reason numerous re-
ports have been focused on wild edible plants. In a study of
dietary practices in Northeastern Nigeria, it was observed that
the edible wild species available during the wet season gener-
ally were inferior in micronutrient mineral contents compared
with the dry season plants (Lockett et al., 2000). Commonly
consumed species of edible wild barks, fruits, leaves, nuts,
seeds, and tubers were analysed and Kuka bark (Adansonia
digitata), given to infants, was high in Ca2+, Cu, Fe and Zn.
Cediya (Ficus thonningii), dorowa (Parkia biglobosa) and zo-
gale (Moringa oleifera) were also good sources of Ca2+, Fe,
Cu and Zn. Fruits, leaves and nuts of aduwa (Balanites ae-
gyptiaca) are widely used during the dry and drought sea-
sons. Tsamiya seeds (Tamarindus indica), consumed com-
monly during pregnancy, were good sources of Zn, and Kirya
seeds (Prosopis africana) contained the highest Zn concentra-
tions. Shiwaka leaves (Veronia colorate), consumed by preg-
nant women to increase breastmilk production, were high in P,
Mg2+ and Ca2+.

In another report it has been illustrated that the mineral con-
tent of some edible wild leaves contained higher N, K+, Ca2+

and Mg2+ concentrations than those of some commonly used
vegetables such as spinach (Spinacia oleracea), pepper (Cap-
sicum annum), lettuce (Lactuca spp.) and cabbages (Brassica
oleracea). However, P, S and Na+ contents were lower, and Fe,
Mn, Zn and Cu levels were equal (Turan et al., 2003).

The time of application as well as the duration of water
stress during the fruit development can influence the mineral
content. In ‘Williams’ pears a reduced water supply at the end
of the fruit development (late water stress) caused smaller re-
ductions in the uptake of Ca2+, K+ and B within the fruits,
while at the beginning of fruit development (early water stress)
only a lower content of Ca2+ was observed in the fruits. Re-
duced water supply either at the beginning or the end of the
productive cycle induced a higher N content in the fruits. In
the treatment of early water stress the K contents were higher
than in the untreated controls (Hudina and Stampar, 2000).

The potential of roots to absorb nutrients generally declines
in water-stressed plants, presumably due to a decline in nutri-
ent element demand, but the ability to take up and transport
the mineral nutrients differs in distinct crops and depends on
the plant’s tolerance to drought.

3.3. Extreme temperatures

It is evident that the roots play a principal role in the ab-
sorption of the mineral elements that will be translocated to
the aerial parts of the plant. In general, a consistent decrease

in the nutrient concentrations in the plant shoots is parallel to
the growth suppression at low root temperatures. Growth and
mineral composition of fruits in potted trees were studied at
two temperatures (19 and 24 ◦C) in ‘Golden Delicious’ and
in ‘Cox’s Orange Pippin’ apples (Malus domestica) (Tromp,
1975). In this report the levels of K, N, Mg and P were in-
creased at the higher temperature. With respect to Ca, the high
temperature regime reduced its influx in ‘Golden Delicious’
but favoured the Ca influx in the ‘Cox’s Orange Pippin’ ap-
ples. Similarly, in two cultivars of tomato with contrasting re-
sponse to elevated temperature, Ca was poorly transported to
the fruits but in fruit explants, the elevated temperature (40 ◦C)
increased the Ca import into the fruits in both cultivars. This
permanent flux of Ca to the fruits may have a pivotal role in
maintaining an optimal level of Ca2+ in the cytoplasm of fruit
cells, as a factor for increasing the tolerance to high temper-
atures (Starck et al., 1994). On the other hand, only a few
studies have examined the effect of differences in temperature
regimes between day and night on the mineral status of fruits
or vegetable foods, but low concentration of nitrate was ob-
served as a consequence of variations in temperature in root
and shoot Ca2+ due to lower night air temperatures (Gent and
Ma, 2000).

3.4. Light intensity

A certain influence of the light on the transport of nutri-
ents from shoots to the fruit through the transpiration stream
has been suggested in different studies. Caruso et al. (2004)
reported that shading caused a reduction in the content of the
main mineral elements except for nitrates in strawberry fruits.
Also, the effects of sunlight on the mineral contents of apples
were investigated (Iwane and Bessho, 2006). The treatment of
sunlight from East and West directions on 75 apples from the
inside and outside of the crown of the trees revealed a signifi-
cant negative correlation between the amount of solar radiation
received by the fruit and its mineral content for K+, Ca2+ and
Zn. The concentration of minerals in apples grown on the in-
side was higher than in the fruits grown outside of the crown.
The concentration of minerals was higher in apples grown on
the shaded side than in the apples grown on the sunny side.
No significant differences in mineral concentrations were ob-
served between fruit grown on the East or West orientation.

Effects of exposure to light and air movement on the
accumulation of some mineral elements in fruits of ki-
wifruit (Actinidia deliciosa var. deliciosa) have been presented
(Montanaro et al., 2006), where the main differences were
found for Ca2+, exhibiting twice the content in exposed fruits
(> 40% full sunlight) than in shaded fruit (< 20% full sun-
light).

Light is one of the main external factors influencing the ni-
trate concentrations in vegetables. Several human health haz-
ards due to nitrate toxicity have been identified. The accumu-
lation of nitrate in the plant tissues is more frequent under poor
light conditions in leafy vegetables such as lettuce, spinach or
kohlrabi (Brassica oleracea var. gongylodes L.) (Blom-Zandra
and Lampe, 1985; Steingröver et al., 1986; Sritharan and Lenz,
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1992). A controlled nutritional regime is then needed to re-
duce the leaf nitrate in the leaves (i.e., lettuce) under such un-
favourable light conditions (Demsar et al., 2004).

Anjana et al. (2006) have reported that nitrate concentration
was lowest at noon on a sunny day in spinach leaves. Thus,
the time at which plants contain the lowest nitrate concentra-
tion may vary with the environmental conditions in different
geographical regions of the world, and also depends on the in-
teraction with other environmental factors. Santamaria et al.
(1999) observed in different fresh vegetables that under con-
ditions of low light availability, an increase in temperature in-
creases the nitrate accumulation.

4. FERTILISATION PRACTICES AND MINERAL
CONTENT IN FOOD CROPS

The supply of essential nutrients for the health of con-
sumers by improving the fertilising practices in the productive
sector has awakened great interest in recent years. Here, we
will summarise the available information on the effects of fer-
tiliser applications on the mineral content of crops in relation
to food quality for human consumption.

4.1. Nitrogen fertilisation

The effect of N fertilisers on the mineral content of edi-
ble parts or fruits and vegetables is variable depending on the
doses applied, the nutrient analysed, the species under study,
and the organ to be consumed. Thus, in tomato grown un-
der different N doses (0, 60, 120 and 180 hg ha−1 N), only
the higher N doses increased total fruit N levels but, an-
tagonistically, K+ levels decreased continuously with the in-
creased N (Cserni et al., 2008). In tuber and root crops such
as potato (Solanum tuberosum L.) and sweet potato (Ipomoea
batatas L.), which have enlarged underground stems and roots
as edible parts, the application of N fertilisers usually led
to increased tuber N concentration (Eppendorfer and Eggum,
1994). Also, the content of elements such as K+, P, Ca2+ and
Mg2+ in mature tubers of potato was not significantly differ-
ent to the untreated tubers after N fertilisation (0–200 kg.ha−1)
(Ilin et al., 2002). In contrast, in broccoli sprouts (Brassica ol-
eracea var. Italica), higher S concentrations were found when
increasing N and S fertilisation rates up to a determined dose
of N and S, but higher N rates did not yield higher S uptake
(Aires et al., 2007).

In experiments studying the influence of the NH+4 /NO−3 ratio
in the nutrient solution and its effects on mineral status (in
Brassica oleracea var. Italica), when this ratio was 0.5:0.5, the
concentrations of P, K+, Ca2+ and Mg2+ were all higher in cab-
bage roots and leaves than those in plants grown in nutrient so-
lutions with different ratios of decreased NH+4 supply (Zhang
et al., 2007).

It is well known that the application of N improves plant
growth and yield. However, the application of high concentra-
tions of N not only contaminates the environment, but also
causes NO−3 accumulation in the leaves of vegetable crops,

which have been found to be the major source of toxic NO−3
uptake by humans. In general, vegetables that are consumed
with their roots, stems and leaves have a high NO−3 accumula-
tion, whereas those with only fruits as the edible part have low
NO−3 accumulation rates (Zhou et al., 2000). In addition, NO−3
contents vary depending on the organ of the plant (Santamaria
et al., 1999; Anjana et al., 2006) and the physiological age
of the plant (Maynard et al., 1976; Anjana et al., 2006). Field
experiments have shown that NO−3 concentrations in leafy veg-
etables were positively correlated with N rates, and N fertiliser
added to the soil was the major cause of NO−3 accumulation
in vegetables (Wang et al., 2001). In the same way, Zhang
et al. (2007), and Staugatis et al. (2008) found a linear in-
crease in NO−3 concentration with increasing N fertilisation in
cabbage (Brassica campestris) leaves and roots, and heads, re-
spectively.

4.2. Phosphorus fertilisation

Phosphorus promotes root growth, enhances nutrient and
water-use efficiency, and increases yield. Therefore, since ab-
sorption and reduction of NO−3 is a process which consumes
ATP, the metabolism of NO−3 is related to P supply. In pot ex-
periments, it has been observed that a high soil N:P ratio was
one of the key causes of NO−3 accumulation in vegetables (Gao
et al.,1989). In contrast, P fertilisation decreased NO−3 concen-
tration in cabbage (Brassica campestris) and canola (Brassica
napus), and had no significant effect in spinach (Spinacia ol-
eracea) (Wang and Li, 2004).

Togay et al. (2008) studied the effect of different doses of P
(10, 40 and 80 kg ha−1) on the P content in grain of dry bean
(Phaseolus vulgaris) and observed increased P levels when
80 kg ha−1 P was applied. When looking at the micronutrients,
Moreno et al. (2003) found that Fe and Mn concentrations
in cucumber were higher in P-fertilised treatments compared
with the unfertilised control. This effect is similar to what was
found with edible fruits such as apple (Malus sylvestris Mill
var. domestica (Borkh.)) where increased fruit P was obtained
with P treatments. On the contrary, in cereals Komljenovic
et al. (2006) revealed that maize grain (Zea mays) was less
dependent on P fertilisation compared with the leaf; and it has
also been shown in pear (Pyrus communis) that foliar P fertili-
sation decreased the content of B and Zn in fruits (Hudina and
Stampar, 2002).

4.3. Potassium fertilisation

Potassium is closely related to N assimilation in plants and
can accelerate transport of NO−3 from roots to aboveground
plant parts. Thus, Zhou et al. (1989) showed that compared
with the control, NO−3 concentration in cabbage (Brassica
campestris) decreased with the application of K+, whereas it
increased in spinach (Spinacia oleracea) (Gao et al., 1989).

In relation to other minerals, K+ fertilisation has different
effects. In fact, Hudina and Stampar (2002) showed that fo-
liar fertilisation with K+ increased the content of K in pears
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(Pyrus communis L.), whereas K+ concentrations in broccoli
heads (Brassica oleracea var. Italica) showed no differences
among four levels of K+ fertilisation (Vidal-Martínez et al.,
2006). In other studies, the concentrations of B and Zn in pears
(Hudina and Stampar, 2002) as well as N concentrations in
potato (Solanum tuberosum) and sweet cabbage (Eppendorfer
and Eggum, 1994) decreased with increased K+ fertilisation.

4.4. Sulphur fertilisation

Sulphur fertilisation may be recommended for certain crops
to reduce the undesirable NO−3 contained in their edible parts.
In fact, an increased soil S level significantly reduced NO−3
concentrations in tubers and leaves of kohlrabi (Losak et al.,
2008), and turnip tops (Brassica rapa L.) (De Pascale et al.,
2007). In S-deficient soils, the application of S fertilisers
can decrease the tuber N concentration in potato (Solanum
tuberosum) due to increased dry mass yield (Eppendorfer and
Eggum, 1994). Nevertheless, in a greenhouse pot experiment
using ‘Luna’ kohlrabi (Brassica oleracea), the effect of S fer-
tilisation on N content in tubers and leaves was insignificant
(Losak et al., 2008).

4.5. Calcium fertilisation

Leafy vegetables can be an excellent dietary source of cal-
cium, and are a good alternative for individuals with a diet
low in dairy products. Increasing the calcium content in leafy
vegetables through fertilisation management could further im-
prove their nutritional benefits. Thus, it has been observed that
in lettuce produced in a hydroponic system an increase in Ca2+

concentration in the nutrient solution increased the Ca2+ levels
in the leaves (Neeser et al., 2007).

It has also been shown that Ca2+ application increased
Ca2+ concentrations in peripheral layers of apple fruits and
reduced K+ concentrations (Grimm-Wetzel and Schonherr,
2007). Similar results were reported by Val et al. (2008),
where Ca2+ treatments increased the concentration of Ca2+ in
the skin, but not in the flesh of fruit, and several sprays were
needed to promote a prolonged increase in the concentration
of Ca2+ in the skin. However, Ca2+ sprays did not influence
the concentrations of Mg2+ and K+. In a recent study the ap-
plication of CaCl2 increased the Ca2+ content in litchi fruit;
firmness and skin colour were affected, and some positive cor-
relations with leaf and fruit K+ were detected (Cronje et al.,
2009).

In kiwifruit, fruit quality is associated with the correct Ca2+

level; however, the application of a biostimulant such as Ca2+

fertiliser, which is recommended to prevent calcium deficiency
resulting from lack of uptake into fruit, did not affect fruit yield
(Otero et al., 2007).

4.6. Microelement fertilisation

Although the majority of experiments have been performed
using the widely distributed N, P and K+ fertilisers, there are

also a few pieces of information about the effects of microele-
ment fertilisers on the edible parts of plants for human con-
sumption (Baize et al., 2009). Graham et al. (2001) showed
that application of Zn fertiliser to Zn-deficient soil at sowing
significantly increased the Zn concentration in wheat grain.
Also, the content of Zn and several other micronutrients, such
as I, Se, Cu and Ni, was usually enhanced by application of the
appropriate mineral forms (Wang et al., 2008). Micronutrient
foliar fertilisation seems to be a cheap and effective method,
depending on the nutrient supplied and the time of applica-
tion. In this way, Wojcik and Wojcik (2003) showed that foliar
B sprays before full bloom or after harvest increased B con-
centrations in fruitlets of pear (Pyrus communis L.) at 40 days
after flowering.

Selenium deficiency is a very serious nutritional and health
problem. That is why the effect of selenite and selenate fer-
tilisation on Se content has been widely studied (Chen et al.,
2002; Fang et al., 2008; Ducsay et al., 2009). In reported ex-
periments, selected mineral contents were higher with applica-
tion of selenate than selenite to certain species. Thus, a higher
content of Se in rice (Oryza sativa) (Chen et al., 2002) and S in
lettuce plants (Lactuca sativa cv. Philipus) (Ríos et al., 2008)
were found. Other studies showed that differentiated doses of
selenite in soil caused a significant increase in Se content in
dry matter of wheat grain (Ducsay et al., 2009), whereas non-
significant effects were observed in lettuce (Ríos et al., 2008).
In addition, Fang et al. (2008) indicated that Zn and Se were
the main variables increasing the Zn, Se and Fe contents of
rice. Therefore, the application of Zn, Se and Fe mixed fer-
tiliser as foliar spray could alleviate the physiological defi-
ciency of these micronutrients in rice.

4.7. Organic farming versus mineral fertilisation

The massive use of chemical fertilisers in intensive agricul-
ture has greatly increased concern for the declining fertility of
soils. Soil nutrient depletion is the result of increasing pres-
sure on agricultural land (Wopereis et al., 2006; Lal, 2009).
That is why organic inputs are required to ensure that intensive
systems do not threaten the sustainability of land use. How-
ever, small farmers are reluctant to use organic wastes or com-
posts because organic fertilisers do not release nutrients as fast
as mineral fertilisers and they do not supply a balanced ratio
of nutrients at the right time (Bath, 2000; Kirchmann et al.,
2002; Gunnarsson, 2003). However, demand for organically-
grown products has risen steadily and the number of grow-
ers adopting organic farming systems has also increased, be-
cause organic foods are believed to be more nutritious than
conventionally-grown foods, with a better balance of vitamins
and minerals. Nevertheless, the scientific community has not
conclusively shown that organic products are more nutritious
than conventionally-grown foods (Winter and Davis, 2006).
Thus, it seems to be important to see how organic and inor-
ganic fertilisers affect food quality in terms of mineral content.
Also, the negative effects that fertilisers have on food quality
must be considered, since the anthropogenic activities aimed
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at enhancing food production may facilitate the accumulation
of undesirable substances.

Several experiments have been performed in order to
compare the effects of organic and conventional (mineral) fer-
tilisers on the crop yield and nutritional status of plants, since
organic yields are often lower compared with conventional
production (Mäder et al., 2002; Dumas et al., 2003; Gopinath
et al., 2008).

Usually, the organic-amended soils showed significantly
higher soil mineral content (Edmeades, 2003). However, other
authors indicated lower mineral contents for organically fer-
tilised soils (Gosling and Shepherd, 2005).

The influence of organic soil fertilisation on nutrient con-
tent in crops has been studied and different results have been
recorded. Some authors showed that the application of organic
amendments improved the soil nutrient content, but did not
always increase the plant nutrient concentration (Roe, 1998;
Warman, 2005) since it depends on the crop type, the nutri-
ent used, the climate parameters and the year of the study
(Warman and Havard, 1997, 1998; Maqueda et al., 2001). Fur-
thermore, the available scientific literature shows that some
of the comparisons are not experimentally valid due to varia-
tion in crop varieties, timing in fertilisation, and handling and
storage after harvesting (Warman and Havard, 1997). How-
ever, there are certain results that support that higher P and
K+ contents in wheat grain were obtained by applying organic
amendments than the elemental contents using mineral fertilis-
ers instead (Colla et al., 2002; Wszelaki et al., 2005; Gopinath
et al., 2008; Basu et al., 2008).

The long-term use of organic composts (vegetal compost
and green residue of previous crops) on greenhouse soils in-
duced few differences in the macronutrient concentrations in
the edible parts of food crops compared with the experi-
ments using mineral fertilisation, although there was a trend of
showing higher N concentration in minerally-grown crops and
higher K+ concentration in organically-grown crops (Herencia
et al., 2007). Moreover, the NO−3 concentrations in the edi-
ble parts of organically-grown crops were significantly lower
than in the minerally-fertilised plots (Vogtmann et al., 1993;
Williams, 2002; Malmauret et al., 2002; Hajslova et al., 2005).
This can provide a clear benefit for human health. Neverthe-
less, the results were variable depending on the crop, season
cycle and year, and these factors must be considered carefully
in the conclusions and potential recommendation to producers
and consumers.

5. CONCLUSION

The quality of edible fruits concerning mineral contents
may vary depending on interactions between cultivars, envi-
ronmental factors such as light and temperature, composition
of the nutrient solution, crop management practices, and the
interaction of all these factors. This is the reason why all of
them must be taken into account in order to characterise the
nutritional value (mineral status) of fruits and vegetables, as
well as the factors influencing the content of a specific element
in a given cultivar. In addition, the physiological parameters of

the fruit (stage of development, ripening, marketable maturity,
physiological maturity, senescence) and the plant or tree as a
whole are also of interest.

The influence that fertilisation practices may have on the
mineral status and nutritive value of fruits and vegetables also
depends on the fertiliser used, the macro- (i.e., N, P, K, S, etc.)
or micronutrient (i.e., Fe, Mn, Zn, Cu, Ni, Co, Se, etc.) stud-
ied, and the plant part of interest for consumption (i.e., leaf,
root, tuber, fruit). Similarly, a determined or programmed pat-
tern cannot be established for the use of irrigation regimes with
waters of different qualities. Nonetheless, fertilisation seems to
remain one of the most practical and effective ways to control
and improve the nutritional value of crops to meet the needs
of the population, as well as proper water management in-
tegrating practices for food quality and safety. A large body
of research results has been performed in the past decades on
the effects of distinct agronomical practices on specific crops
of human interest, but more concise and precise studies are
needed to improve the load of essential microelements in foods
and to prevent or avoid the accumulation of toxic or undesir-
able contaminants.
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