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Abstract 
The phytoavailability of lead and chromium in cherry tomatoes Lycopersicon 
esculentum was studied both at the level of different parts of the plant (roots, 
stem, leaves and fruits) and at the level of its concentration in water and cul-
tivation soil of. Two experiments are thence carried out by planting in bio-
ponics, in a patented BIOTOP device, plants which are exposed via their root 
system to concentrations of 5 ppm, 10 ppm and 20 ppm of each contaminant 
(lead or chromium) in a nutrient solution. The results show that lead accu-
mulates mainly in the roots with a significant amount as to allow its transloca-
tion into the stem and leaves, while only a small amount reaches the fruit. The 
results also show that when the concentration increases the lead content in the 
roots also increases, but decreases in the fruits with three floral bouquets. 
Conversely, the chromium substance decreases in the roots and increases in 
the fruit. Based on these results, we note that the average distribution of lead 
in the edible part of the plant is much higher than that of chromium, and also 
lead presence in the plant is higher compared to that of chromium. 
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1. Introduction 

The world population has been exposed to low concentrations of metals mainly 
via water and food; some, however, are exposed to toxic concentrations via pro-
fessional activities such as mining. With time, the range of potentially toxic 
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metal sources has expanded substantially by effect of the increasing industrial or 
agricultural activities [1]. Their presence in the environment makes us wonder 
about the risk of them being transferred into the food chain via cultivated crops, 
threatening thereby the sanitary quality of our food and, thus, our health [2] [3] 
[4]. 

Some heavy metals however, at low doses are essential micronutrients for 
plants (e.g. Ni, Cr, Zn, Cu) but at high doses, may cause a growth inhibition or a 
metabolic disorders for most plant species [5]. The presence of element trace in 
agricultural environments can come from atmospheric fall-out, pesticide, chem-
ical fertilizers and irrigation with water of poor quality [6]. Excessive concentra-
tion of trace elements in soil compartment or substratum will be directly trans-
ferred to the plant during its development. As a result of a series of successive 
processes, the element in the solid phase of soil will be transferred into the soil 
solution and eventually to the plant tissues themselves. That’s what we called 
phytoavailability.  

The laboratory experiments conducted in the field of phytoavailability of trace 
elements in plants of cherry tomato were carried out either for soil cultivation or 
for hydroponics, the need to investigate a new method to understand more and 
more the behavior of this edible plant in dealing with metallic stress of two trace 
elements that are lead and chromium. This new technique that called “biopon-
ics” combines the advantages of hydroponics with an effective biological nutri-
tion program that help maintain the essential microbiology of the plant in the 
liquid medium of the plant, this cropping system saves water and fertilizers and 
develops a dense root carpet. The effect of contamination was evaluated by ex-
amining their content in different parts of the plant, in water and cultivation 
soil. 

The estimation of the phytoavailability of a trace element in soil remains an 
approach widely used for the prediction of the deficiency or toxicity of an ele-
ment in a plant. In fact they are two conventional approaches: 1) to measure its 
extractability, that is, its ability to pass into solution under the effect of more or 
less mild chemical extractants, or 2) analyze its content inside the plant [7]. As 
for our approach we shall go for the second.  

This experiment allows us to make a simplified illustration of the complex re-
ality pertaining to the translocation of lead and chromium to cherry tomatoes, 
not to forget that phytoavailability is also influenced by other factors related to 
soil (pH, redox, Cationic exchange capacity) (temperature, humidity), plant spe-
cies, soil microorganisms, cultivation techniques, characteristics of elements and 
interactions between them [8]. 

2. Materials and Methods 

The experimental process undergoes two successive cultivation phases. The first 
is the planting of cherry tomato seeds in plastic cups, and then an under-shelter 
BIOTOP device transplantation, which allows the development of tomato seedl-
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ings under bioponic conditions. This device comprises a bunch of 7 planting 
box, each box contains two trays with one plant for each. These two trays con-
tain a layer of compost (80% of the organic matter) which rests on an inert sub-
stratum (granulated cork), the whole is irrigated by a stream which contains dis-
tilled water with a fertilizer solution (NPK 6.6.6) and trace elements, which pro-
vides the plants with the essential mineral salts (Figure 1). 

The pH is adjusted to 6 with sodium bicarbonates and the conductivity is 
maintained at 2.4 (m·s/cm). The contaminant concentrations were retained at 5 
ppm, 10 ppm and 20 ppm respectively. After sufficient development of the root 
system, usually one month after seedling, the contaminant is then added. Thus, 
two boxes are fed with the 5 ppm concentration, with a box contaminated with 
chromium and the other with lead. The same goes for the 10 ppm and 20 ppm 
concentrations. The 7th box was reserved for control purposes.  

The plants are trimmed in vertical cordon, and the suckers are eliminated step 
by step during the plant growing process. To have an early product and allow 
fruit to grow rapidly, only three floral bouquets are kept. No disease has been 
detected. The experiment lasted four months, from the seedling of the seeds to 
the ripening of all fruits of the three floral bouquets (Figure 2). 

2.1. Sample Preparation and Characterization 

The water-based samples are put in polyethylene bottles previously washed with 
soap, then acid (10% HCl) and finally rinsed several times with distilled water. 
The samples were then fixed with 2% HNO3. The cultivation soil was extracted 
from the surface (up 5 cm of thickness) using a non-metallic tool and stored in 
clean plastic bags at low-temperature. The cherry tomato plants are carefully 
washed (essentially the roots) and put in clean plastic bags and kept at low tem-
perature as well.  
 

 
Figure 1. (a) Description of the system and of its accessories, (b) Spatial and functional segregation of roots in two distinct envi-
ronments. 
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Figure 2. Plants of cherry tomato in Biotop device. 

2.2. Technical Analysis  

The water samples are filtered with Whatman 40 filter paper. The filtrate has 
been stored at 4˚C until the analysis of the metals. The cultivation soil was dried 
in an oven (105˚C.) for 24 hours and then crushed in an Agathe mortar and later 
homogenized. The cherry tomato plants are rinsed beforehand with tap water, 
and then abundantly cleansed with distilled water. The different parts of the 
plant (roots, stems, leaves and fruits of the first, second and third floral bouquet) 
are separated, cut into pieces and dried in an oven (105˚C) for 24 hours, and 
then ground.  

The digestion protocols concerning the preparation of samples for the quan-
titative analysis of lead (Pb) and chromium (Cr) in the growing soil and the 
cherry tomato plants are as follows:  

Cultivation soils: 0.2 g in Teflon bombs of 30 ml. To this was added 1 ml of 
the hydrochloric acid (30%)-nitric acid (65%), 3/1; V/V and 6 ml of pure Norma 
hydrofluoric acid. The bombs are then closed and kept for pre-digestion at room 
temperature for 24 hours. They are then heated at 120˚C for 4 hours in a ther-
mostatic sand bath. After cooling, the volume is completed to 50 ml by bidis-
tilled water in dilution tubes containing 2.7 g of boric acid [9]. 

A control is always prepared in parallel with the samples, and we did three 
replicates for each sample. 

Cherry tomato plants: 0.5 g of sample were weighed into Teflon digestion 
bombs, in each of which 4 ml of supra-pure nitric acid (65%) is added before 
closing and keeping them for pre-digestion at room temperature throughout 24 
hours. The bombs are then placed in a sand bath at 120˚C until the solutions 
become clear and lucid (usually after 24 hours). After cooling, the contents of 
the bombs are transferred into dilution tubes of 50 ml and completed to 50 ml 
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with bidistilled water [10]. 
The metal testing is then carried out at UATRS laboratory of National Centre 

for Technical and Scientific Research (CNRST) in Rabat, Morroco. 

3. Results 
3.1. Evaluation of Phytoaccumulation of Lead and Chromium in  

Water, Cultivation Soil and Different Parts of Cherry  
Tomato Plant 

We have observed and concluded that the roots are the most contaminated 
(Figure 3 and Figure 4), followed by the stem and then the leaves. The fruits of  
 

 
Figure 3. Lead content in water, cultivation soil and different parts of cherry tomato 
plant. W: water, CS: cultivation soil, R: roots, S: stem, L: leaves, FBi: fruits of floral bou-
quets i. C1: 5 ppm, C2: 10 ppm, C3: 20 ppm. 
 

 
Figure 4. Chromium content in water, cultivation soil and different parts of cherry to-
mato plant. W: water, CS: cultivation soil, R: roots, S: stem, L: leaves, FBi: fruits of floral 
bouquets i. C1: 5 ppm, C2: 10 ppm, C3: 20 ppm. 
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the three floral bouquets, however, are the least contaminated.  
We have also noted that the contents of the two contaminants are always 

higher in water than those in cultivation soil and this apply for all three concen-
trations, yet they are much lower than those at the level of roots. 

The percentage of lead translocation into the different parts of the cherry to-
mato plant shows no variation (Figure 5), according of course to each increase 
in concentration. As a result, an average of 38% of the total metal substance is 
found in the roots, 24% in the stem, 11% in the leaves and 26% in the fruit.  

By contrast, the chromium average translocation prevails mainly in the roots 
(62%) compared to that of lead (38%) (Figure 6), bearing in mind though that it 
changes according to the concentration of the contaminant over the different 
parts of the plant. For the more the contaminant concentration increases, the 
less the percentage of its content becomes at the level of roots and higher it gets 
at the level of the fruit. 

The Concentrations of element trace are commonly higher in the below-
ground parts (roots and rhizomes) as compared to aboveground parts (stems, 
leaves, flowers of fruits) of wetland plant [11] [12] because the roots are primary 
sites for heavy metals uptake and the further movement to aboveground parts 
may be restricted [13]. Same results for vegetable plants such as cherry tomato. 

The higher bioaccumulation of lead in the fruit could be explained by phloem 
mobility, which depends heavily on the compounds’ physicochemical properties, 
such as lipophilicity and pKa. Ionic element trace may be trapped in the phloem, 
resulting in lower concentrations in the leaves and potentially higher accumula-
tion in the fruit. 

Another conclusion is related to the physiology of the plant: the better the  
 

 
Figure 5. Lead distribution percentage in different parts of cherry tomato plant. 

 

 
Figure 6. Chromium distribution percentage in different parts of cherry tomato plant. 
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fruit’s ability to transpire water, the higher the risk of trace element accumula-
tion within the fruit. 

3.2. Evaluation of Phytoaccumulation of Lead and Chromium  
Depending on the Concentration 

The analysis of variance and Tukey’s test (HSD) for multiple comparisons of av-
erages 5% were performed using the software Xlstat. 

The concentrations of 5 ppm are very low and do not appear graphically. 
Hence, the contents of lead and chromium in the various parts of the cherry 

tomato plant (roots, stem, leaves and fruits) (Figure 7) vary according to the 
concentration applied. The higher the latter is, the more significant is the con-
tent in each compartment. One should note that the level of lead and chromium 
is insignificant in the control plant.  

According to Tukey’s test, p < 0.05, there is no significant difference between 
the three concentrations for the two contaminants. 

From the analysis of the box plots of lead and chromium (Figure 8), it is 
found that lead has a greater effect on the plant compared to chromium; the lead 
presence in the plant is higher compared to that of chromium. 

4. Discussion 

In fact, after the analysis of lead and chromium distribution in cherry tomato 
plants (Figure 3 and Figure 4), it is inferred that accumulation occurs mainly at 
the level of the root, with concentrations decreasing from roots to fruits. This 
suggestion is also confirmed by [14] which have found that tomatoes grown in 
soil with a contribution of contaminated sludge that chromium also accumulates 
significantly in the roots and a low content that pass to leaves and fruits. Anoth-
er contaminant that is cadmium, have also been reported to be present in roots 
of tomato grown in hydroponics more than in shoots [15]. Also those of [16], 
who had a similar results for concentrations of Zn in root tissues of eighteen 
emergent wetland plant species exposed to Zn in hydroponic culture. 

Lead is mainly resided (more than 50%) in the aerial organs for cherry tomato 
plant (Figure 5); a same result was found by [17] for B. pilosa and T. Minuta.  

Only for chromium, (Figure 6) belowground accumulation was higher than 
aboveground accumulation in cherry tomato plant and also in P. australis plant, 
[18], this study are consistent with the findings of [19] who had similar results 
for arsenic and heavy metals in the two plants C. alternifolius and E. amazoni-
cus. Same results also for rice root that acted as a more effective barrier to lead 
accumulation, [20]. 

In general roots possess real barriers controlling access to the rest of the plant, 
yet, despite this restriction of access, in general, we note an upward bioaccumu-
lation of these metals according to the following order: root > stem > leaf > fruit 
[21]. 

We also observe that the concentrations in the cherry tomato plant differ as 
per to each metal. Lead is higher than chromium. As far as the Figure 5 and  
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Figure 7. Content of lead and chromium in cherry tomato plants for the three concentrations, 5 ppm, 10 ppm and 20 ppm, with 
three repetitions for each concentration. 

 
Figure 6, it is also noted that the average distribution of lead (26%) in the edible 
part of the plant is much higher than that of chromium (10%). Therefore, such 
an accumulation in the edible part of the plant could have implications on hu-
man health. 

The contents of lead and chromium in the various parts of the cherry tomato 
plant (roots, stem, leaves and fruits) (Figure 7) vary according to the concentra-
tion applied, same results for tomato have also been found by [22].  

Chromium is not an essential nutrient for plants A few studies have shown 
that chromium in relatively small quantities may promote plant productivity 
[23] [24], It is for this reason that we find that the chromium concentration in 
the plant is less important than that of lead, (Figure 8), it may be that a part has 
been absorbed and used by the plant during its development process. 
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Figure 8. Box plots of the two variables lead and chromium. 

5. Conclusions 

In water and cultivation soil, lead content is higher than that of chromium in 
different concentrations levels of the contaminant.  

Now, regarding the analysis of the presence of the two contaminants at the 
different parts of the plant, the latter generally shows an inclination to accumu-
lating said contaminants within the whole plant, but preferentially within the 
roots.  

Once accessing the root, the two trace elements permeate in the different or-
gans of the plant. Their contents are higher in the leaves and stems than in the 
fruits, however. During the permeation process, the metals are fixed largely on 
the cell walls, which explain why most of the metals collected are found in the 
roots while only a smaller amount is found in the sprout.  

To conclude, the roots play the role of a real barrier restricting access into the 
rest of the plant. However, despite such restriction, we notice a slight increasing 
bioaccumulation of these metals in the cherry tomato plant. 

The limitation of this research is that we cannot make such a test for plants 
that we consume the stem, for example the turnips, or the plants whose leaves 
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are consumed such as celery, because it’s difficult to follow the passage of the 
contaminant according to the logic: root/stem/leaf/fruit. 
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