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Abstract

The supplementation of metals is a mean used to ameliorate the nutritional quality of vegetables. Pot experiment
was carried to evaluate the addition effects of copper (Cu) and zinc (Zn) in soils on their distribution and those of
other metals in plant tissues. The experiment consisted of growth Amaranthus cruentus, a leafy vegetable, for 30
days in a soil to which copper and zinc were added singly and in combination. At the end of the experiment roots,
stems and leaves of plants were analyzed for metal uptake in tissues. The results show that accumulation of Cu
and Zn was significantly higher in roots than in leaves and stems (p < 0.0001). There were no significant
difference between Cu and Zn uptake in leaves and roots. The supplementation of Cu and Zn in soil had an
obvious effect on the enrichment of Cu and Zn in Amaranthus cruentus, the leaves had better enrichment effect of
Cu and the roots had better enrichment effect of Zn. Furthermore, the enrichment effect of Zn in leaves was also
important (until 237%). The present study showed that Amaranthus cruentus plant can accumulate higher
concentrations of Cu and Zn if the cultivated soil contains moderately higher Cu and Zn levels. Antagonist effects
were observed between Cu and Zn supplementation and other metals in roots. In stems, it was synergic effects
which were observed. Many synergic and antagonist effects between Cu and Zn added in soil and other metal
transfer in leaves were often observed.
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1. Introduction

Evaluation of micronutrients and essential trace elements concentrations in vegetables is a important topic in the
world. Trace elements play an important role in the metabolic regulations of the human body.

Copper (Cu) is an essential element widely distributed and always present in food. It is necessary for normal
biological activities of amino-oxides and tyrosinase enzymes (Hashmi et al., 2007), it is required as cofactor in
different oxidative and reductive enzymes (Ismail et al., 2011). A low uptake of Cu in human consumption can
cause a number of symptoms e.g. growth retardation, skin ailments, gastrointestinal disorders etc. Cu deprivation
in animals contributes to instability of heart rhythm, hyperlipidemia, increased thrombosis, breakdown of vascular
tissue, cardiac lesions, cardiac hypertrophy, and altered arterial function. Much of the pathology due to Cu
deficiency is thought to be associated with increased oxidative stress, which, in turn, may increase low density
lipoproteins susceptibility to oxidation (Turley et al., 2000). Conversely, Cu toxicity, typically due to genetic
disorders, can also be a significant health concern (Uriu-Adams, 2005).

Zinc (Zn) is well known to be essential for somatic growth of children (Kaji and Nishi, 2006). It is essential as a
constituent of many enzymes involved in several physiological functions, such as protein synthesis and energy
metabolism (Jalbani et al., 2010; Onianwa et al., 2001). For example, Zinc is required for the proper function of
1,5'-deiodinase, the enzyme required for the conversion of thyroxine to the more active form, triiodothyronine
(Kandhro et al., 2009). Zinc deficiency is a major overlapping public health concerns in developing countries. It
causes not only growth retardation, but also delays sexual maturation, hypogonadism, and thyroid dysfunction
(Kaji and Nishi, 2006). A pilot study of Abdulla and Suck (1998) indicated that Zn supplementation is a practical
possibility comparable to that of other metal supplementation such as Fe in order to prevent marginal Zn
deficiency in vulnerable groups of general population in developing countries.

Because of their essentiality, vegetables contain some concentration of elements such as Cu and Zn that they
acquire from cultivated soils. Unfortunately, much of the soil in which food is grown has been depleted of these
nutritive minerals; therefore the mineral content in food is reduced. If a deficiency of Cu or Zn constitutes a
hazard for human health, these two elements should be provided to human beings as part of their normal
nutritional intake. The mineral elements uptake by plants has been accepted as safe and effective means for metal
intake by human. A supplement of Cu and Zn in vegetables could be therefore a convenient and easy method in
agriculture to improve trace elements nutrition for human.

The aim of this study was to assess effects of addition of copper and/or zinc in soil metal uptake in different parts
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of a common leafy vegetable. A pot experiment was conducted on the Amaranth (Amaranthus cruentus) with
addition of different concentrations of Cu and Zn in soils.

2. Materials and methods

2.1. Pot experiment on Amaranthus cruentus

The soils (0-15 cm) used in this pot experiment were collected from the eastern part of Libreville city. It was a
sandy loam; its pH (water, 1 : 2.5 soil : water ratio) was 7.6, and it had a carbon content of 39.6 mg/kg and cation
exchange capacity of 13.6 meq/100 g. The total metals concentrations were 0.62; 167; 31; 108,301; 367; 13; 108
and 163 mg/kg of Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn, respectively.

The experiment was carried out with 36 pots. Each pot (22 cm x 50 cm) contained 3.2 kg (dry weight) of soils.
The metals Cu and Zn were artificially added with solutions of copper sulfate and/or zinc sulfate to make the total
concentration 6 and 60 mg Cu kg ' or 10 and 110 mg Zn kg ', respectively. There was 9 metal treatments in a
complete factorial design as treatments Cu-Zn: (0-0), (0-10), (0-110), (6-0), (6-10), (6-110), (63-0), (63-10) and
(63-110). A basal application of fertilizer (22.4 g KH,PO, and 8.6 g NH,Cl) was also made at the same time.
Deionised water was added to bring the samples to field capacity. The quantities of metal added, in the treatments
described above, were intended to be weak enough to have a possibility of causing phytotoxicity, as their
concentrations were always below the limits set as the maximum permissible concentrations in agricultural soils.

The leafy vegetable Amaranthus cruentus was chosen as the potted plant because it is one of staple leafy crops in
Africa diet and available all year. It was sown in a rate of 12 seeds per pot. These were allowed to germinate and
establish for 10 days in an ambient environment, in an open shade structure. After this time, young plants were
removed and there were four plants per pot. There were four replicates of each treatment and the pots were placed
in four blocks into an open shade structure. Each block contained one pot of each treatment arranged randomly
within the block.

The pots were watered regularly with deionised water to keep them close to field capacity. The experiment was
finished 30 days after sowing and the plants were uprooted. The sample vegetables were firstly washed three times
with distilled water, and secondly with deionized water. Roots, stems and leaves were separated. They were dried
at 70°C in a stove until their weight was constant, their roots, leaves and stems were subsequently separated and
kept in polyethylene bags.

2.2. Analysis of metals concentrations in tissues of Amaranthus cruentus, and quality control

2.2.1. Metal concentrations in tissues of Amaranthus cruentus

Plant samples were digested at 150°C for 1 hour in a microwave mineralizer, using a mixture of nitric acid,
hydrogen peroxide and ultra-pure water with a volume proportion ratio of 2:1:1 (Nardi et al., 2009). The resulting
solution was filtered at 0.45um and stored at 4°C before the ICP-AES analysis in order to determine
concentrations of Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn.

2.2.2. Quality control

Appropriate quality assurance procedures and precautions were carried out to ensure reliability of the results.
Double distilled deionized water was used throughout the study. Reagents blank determinations were used to
correct the instrument of readings. The detection limits (DL) were determined for the standard plant reference
materials (DC 73349) from China National Analysis Center for Iron and Steel (NSC). Blank and drift standards
were run after ten determinations to maintain instrument calibration. The coefficient of variation of replicate
analyses was determined for the measurements to calculate analytical precision.

2.3. Statistical methods
The mean, standard error and mean comparison test were carried out. Two-way analysis of variance (ANOVA)

was used to extract information about effects of Cu and/or Zn supplementation in soil and uptake metals by the
tissues of plant. XLSTAT 2010, 6.04 version was used to perform statistical analyses.

3. Results and discussion

3.1. Cu and Zn concentrations in Amaranthus cruentus tissues

The supplementation of Cu and Zn in soil was examined for the content of both metals and other metals in the
tissues of cultivated Amaranthus cruentus samples. The concentrations of Cu and Zn in the leaves, stems and roots
of Amaranthus cruentus grown at different treatments are presented in Figure 1. The results show that the Cu and
Zn contents in the plant tissues varied with their single and combined supplementations in soils. Thus, when the
concentration of Zn (Cu respectively) not varied in soils, the Cu (Zn respectively) supplementation in soil led
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generally to a significant increasing of Cu (Zn respectively) in all tissues of plant (p < 0.0001, respectively). The
antagonistic effect of Cu and Zn on plant growth has been well documented (Kabata-Pendias, 2011; Graham,
1981). These metals seemed to be absorbed by the same mechanism and therefore, each may competitively inhibit
root absorption of the other (Kabata-Pendias, 2011). In the case of Amaranthus cruentus, the Zn additions in soils
decreased significantly Cu uptake in roots, and the Cu additions in soils decreased significantly Zn uptake in roots,
exception for a Zn concentration of 110 mg/kg.

Accumulation of Cu and Zn was significantly higher in roots than in leaves and stems (p < 0.0001). There were no
significant difference between leaves and roots for Cu and Zn uptake (p = 0.515 and p = 0.336, respectively). The
supplementation of Cu and Zn led to decrease the Cu uptake until 76% in steams and 24% roots, but mainly to
increase Cu and Zn in leaves (422% and 237%, respectively), steams (376% and 159%, respectively) and roots
(125% and 475%, respectively). Thus, it could be concluded that supplementation of Cu and Zn in soil had an
obvious effect on the enrichment of Cu and Zn in Amaranthus cruentus, and that the leaves had better enrichment
effect of Cu and the roots had better enrichment effect of Zn. Furthermore, the enrichment effect of Zn in leaves
was also important (until 237%). There is a continuing interest in supplementation of nutrients deficiency. The
present study showed that Amaranthus cruentus plant can accumulate higher concentrations of Cu and Zn if the
cultivated soil contains moderately higher Cu and Zn levels. The results also suggest that the uptake of Cu and Zn
by Amaranthus cruentus was affected not only by the individual Cu or Zn applications, but also by their
combinations. The highest Cu and Zn enrichment effects were generally observed for the supplementation of Cu
to 63 mg/kg, with or without the supplementation of Zn. Some cases of high Zn uptake were also observed with
the supplementations Cu/Zn of 0/110 mg/kg and 6/110 mg/kg.

3.2. Cu and Zn addition effects on Cd, Cr, Fe, Mn, Ni and Pb uptake in Amaranthus cruentus

The results showed that Cu and Zn additions in soil were helpful to the uptake of these both metals in plants. The
concentration of other metals in Amaranthus cruentus was examined. The levels of Cd, Cr, Fe, Mn, Ni and Pb in
plant tissues and their dependence by Cu and Zn addition in soil (ANOVA) are presented in Table 1.

The accumulation of all metals in the roots tissues decreased for all treatments compared to control. The
accumulation of Cd, Cr, Fe, Mn, Ni and Pb in root tissues decreased until a maximum of 17%, 9%, 12%, 26%,
26% and 15%, respectively. It was more important for addition of 6 mg/kg of Cu and 110 mg/kg of Zn. Therefore,
supplementation of Cu and Zn had antagonistic effects to accumulation of Cd, Cr, Fe, Mn Ni and Pb in the roots
(Table 1).

Cd and Pb concentrations in stems and leaves were below detectable concentrations. In the stems, a decreasing
was observed only for Fe and Mn uptake in the supplementation of 63 mg/kg of Cu. The metal uptake in stems
often increased, particularly for Cr, Mn (all treatments with 110 mg/kg of Zn) and Ni (all treatments with Cu). The
treatments with 63 mg/kg of Cu combined with Zn contributed to increase the uptake of all detected metals. The
accumulation of Cr, Fe, Mn and Ni in stem tissues decreased until a maximum of 92%, 51% and 47% and 286%,
respectively. To note that supplementation of Cu and Zn had presented synergic effects with accumulation of
studied metals in stems (Table 1).

The changes in the leaves tissues were more contrasted over control. The accumulation of metals in leaves was
observed for supplementation of 110 mg/kg of Zn, with or without 60 mg/kg of Cu supplementation. Cr, Fe, Mn
and Ni uptake increased until 26%, 31%, 49% and 20%, respectively. Generally, metal accumulation in leaves
decreased for the others treatments. The decrease maximum was 23%, 42%, 86% and 26% for Cr, Fe, Mn and Ni,
respectively. Supplementation of Cu and Zn had antagonist effects with accumulation of Cr, Fe, Mn and Ni in
leaves of Amaranthus cruentus, exception of high Zn supplementation where synergic effects were observed.

The Cu and Zn addition showed mainly between the metals and Cd, Cr, Fe, Mn, Ni and Pb uptake an antagonist
effect in roots and leaves of Amaranthus cruentus, and often a synergic effect in stems. However, the treatments
of soils by Zn with or without Cu showed that metals were more easily transferred into leaves. This result is
particularly important because leaves are the edible part of Amaranthus cruentus. Indeed, the addition of Zn or
Cu/Zn combination could not only increase Cu and Zn intake but also of other nutrients such as Cr, Mn and Fe. Cr
is slightly available to plants and not easily translocated within plants, thus it is bonded strongly to soil solids and
concentrated mainly in roots, apparently because of the propensity of Cr’" to bind to cell walls (Kabata-Pendias,
2011; Zayed et al, 1998). Iron deficiency is the most common and widespread nutritional disorder in the world. As
well as affecting a large number of children and women in developing countries, it is the main nutrient deficiency
which is also significantly prevalent in industrialized countries. The numbers are staggering: 2 billion people —
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over 30% of the world’s population — are anemic, many due to a deficiency of iron supply. An iron-rich diet is an
inexpensive and effective solution to reduce the consequences of iron deficiency and anemia such as death rates,
maternal hemorrhage, reduced school performance and lowered productivity (WHO, 2011). Mn deficiencies are
common on the calcareous soils, sandy soils and during episodes of over-liming in a range of soils (Van der Walls
and Laker, 2008; Holloway et al., 2008). Manganese deficiencies have been studied in animals, and the symptoms
vary, including skeletal abnormalities, postural defects, impaired growth, impaired reproductive function, and
disturbances in lipid and carbohydrate metabolism (Watts, 1990).

4. Conclusion

In this study, the concentration of Cu and Zn in the tissues of Amaranthus cruentus increased significantly with
supplementation of these metals. Generally, concentrations of other elements, such as Cd, Cr, Fe, Mn, Ni and Pb
mostly decreased in roots and leaves, and often increased in stems. The supplementation of Zn, combined or not
with Cu in agricultural soils could be an easy and efficient way to improve the concentration of nutrients in leafy
vegetables such as Amaranthus cruentus. Farmland experiments will be carried out to confirm or not these results
but also study the cases of supplementation of toxic concentrations of Cu and Zn in agricultural soils.
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Figurel: Cu and Zn content in tissues of Amaranthus cruentus for nine treatments of the pot experiment
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Table 1. Cd, Cr, Fe, Mn, Ni and Pb content in tissues of Amaranthus cruentus for nine treatments of the pot
experiment (mg/kg; dry weight)

ANOVA
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**%: p <0.0001; values with different letters in same line are significantly different (p < 0.05).
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