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ABSTRACT 
Chemical extraction methods are generally used to evaluate trace element concentrations in soils. The adequacy 
of these soil tests is commonly assessed by comparing the extraction results with the metal contents in the plants. 
In this study, soil and leaf samples were collected in the southwest area of the Buenos Aires Province, Argentina. 
Garlic (Allium sativum L.), onion (Allium cepa L.) and tomato (Solanum lycopersicum L.) are species of great re-
gional economic importance. These crops need good mineral nutrition for optimum growth and sustainable 
production. Cu, Zn, Mn and Fe micronutrient uptake by plants was analyzed together with the trace element 
contents in the soil in which those plants were grown. A single EDTA-extraction procedure was performed to 
determine soil micronutrients. The amount of extractable-trace elements increased as the concentration of the 
chelating agent EDTA increased. The range of total element content in soil was: 15.68 - 31.5 mg∙kg−1 for Cu, 75.0 
- 386.3 mg∙kg−1 for Zn, 542.5 - 1686 mg∙kg−1 for Mn and 28,325 - 32,675 mg∙kg−1 for Fe. Micronutrient contents 
in mature leaf tissue were determined by the acid digestion method. Total and available micronutrient content in 
soil as well as total content in leaves were measured by flame atomic absorption spectrometry (FAAS). Total mi-
cronutrient content and the available extractable-fraction in soils were below the critical values for plant growth. 
This was in agreement with the amount of micronutrients present in the leaf tissue. A strong relationship be-
tween the extraction data and the soil-plant transfer coefficients suggested an appropriate exchange of trace 
elements from soils to garlic, onion and tomato plants. 
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1. Introduction 
Soils are complex systems, considered as multi-compo- 
nent systems, and can act as physical, chemical and bio-
logical reactors. Soils are the main source of nutrient 
elements for plants, and soil conditions play a crucial 
role in metal ion behavior. Soil properties, metal specia-
tion, plant species, water regime, and especially soil- 
plant interactions determine the bioavailability of soil 
metal ions [1,2]. 

The soil-plant transfer of metal ions is a part of the  

cycling of chemical elements in nature. It is a very com-
plex process governed by several factors, both natural 
and human-related. In general, plants readily take up the 
species of trace elements that are dissolved in the soil 
solution in either ionic or chelated or complexed forms. 

Micronutrients are defined as the elements that plants 
need in very small quantities, in contrast with macronu-
trients, which are consumed in larger quantities. Micro-
nutrients are mostly found in soils in low quantities, with 
the exception of Fe. Iron is a micronutrient because it is 
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required in small amounts by plants, and it can become 
deficient due to insolubility at high pH. The micronu-
trients considered in the present work were Cu, Zn, Mn 
and Fe. 

Garlic (Allium sativum L.), onion (Allium cepa L.) and 
tomato (Solanum lycopersicum L.) are important species 
grown in the Southwest of the Buenos Aires Province, 
Argentina. These crops have great economic importance, 
especially as a result of changing consumer habits to-
wards healthy eating and increased awareness of their 
healing properties [3]. Optimal mineral nutrition is cru-
cial to maintain crop production. Analyses of the content 
of trace elements are generally carried out to evaluate 
plant development. The plant ability to take up micronu-
trients from the soil may also be evaluated by determin-
ing the ratio of the total element concentration in the 
plant to the total element concentration in soil, and this 
ratio is called “transfer coefficient” [4]. 

Various one-step extraction methods are frequently 
used to assess bioavailability because of their simplicity 
and ease of operation. Chelating agents and buffered salt 
solutions are believed to extract potentially mobile por-
tions of metals. 

EDTA (ethylenediaminetetraaccetic acid) is a power-
ful chelating agent that is widely used in soil sciences for 
the prediction of the bioavailability of trace metals. EDTA 

can release trace metals in non-silicate bound phases and, 
therefore, correlates well with plant contents and with the 
available fraction of micronutrients in the soil solution. 
Several studies on the reactions of EDTA-metal com-
plexes in soils have been published [1,5-10]. 

The aim of the present study was to determine the le-
vels of the micronutrients Cu, Zn, Mn and Fe in garlic— 
onion—and tomato-leaf samples, the EDTA-extractable 
amounts in the soils, and the soil-plant transfer coeffi-
cients. Cu, Zn, Mn and Fe content in soils and leaves 
were determined by flame atomic absorption spectrome-
try (FAAS). 

The main objectives were 1) to investigate the contents 
of Cu, Zn, Mn and Fe in soils and leaves, and 2) to pro-
vide further information about soil-metal transfer of trace 
elements in these agricultural soils as a matter of local 
interest, and by extension, contribute to other systems 
with the same characteristics. 

2. Materials and Methods 
2.1. Soil and Plant Sample Sites 
Soil and plant samples were collected from different 
zones of the department of Villarino. These zones are 
irrigated lands from the Low Valley of the Colorado 
River located in the Southwest of the Buenos Aires 
Province (Figure 1). 

 

 
Figure 1. Location of the studied area. 
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Seven agriculture soil samples were used. Surface 

soils (0 - 20 depth) representing the Ap horizon were col-
lected from Ascasubi (denoted as A1 and A2), San Adolfo 
(denoted as B1 and B2), Los Alfalfares (C), Santa Blanca 
(D) and Ombucta (E). 

A and B were sampling sites for soil, onion and tomato 
plants, while C, D and E were sampling sites for garlic 
and soil. 

Plants and soils were sampled in November 2009 
(springtime). 

2.2. Soil Samples 
On each site, 20 samples of topsoil were taken randomly 
on an area of about 0.1 ha and mixed to form a composite 
topsoil sample, and then stored in polyethylene bags at 
20˚C. Soils of this region are characterized as sandy soils 
with low organic matter, containing mainly quartz, Na- 
rich feldspars and plagioclase in the sand fraction, and 
illite, interstratified illite-smectite, quartz, Na-rich felds- 
pars and mica in the silt and clay fraction, being Ca2+ and 
Mg2+ the main exchangeable cations [11,12]. Soils were 
classified following the Soil Taxonomy system [13] into 
four Aridisols (Typic Camborthid: A1, A2, B1 and B2) 
and three Entisols (Typic Ustipsament: C, D, and E). Soil 
samples were air-dried at room temperature, ground and 
passed through a 2 mm stainless steel sieve to obtain a <2 
mm size fraction. 

Particle size distributions were evaluated using the 
hydrometer method [14]. Soil pH was determined in a 
1:2.5 soil/deionised water suspension and in a soil/KCl 
suspension using a glass pH electrode in an Orion digital 
Ionalyzer (Model 701A). Total organic carbon (TOC) 
was measured by dry combustion using a LECO CR-12 
Carbon System Analyzer (model 781 - 600). Soil sam-
ples were selected to cover a rather wide TOC range 
(from 0.52% to 1.76%). Cation exchange capacity (CEC) 
of each soil sample was obtained by exchanging the 
samples with 1 mol∙L−1 NH4OAc at pH 7 [15]. Detailed 
soil analysis procedures were described in [16]. 

All the reagents were commercial products of the 
highest available purity (Merck, Darmstadt, Germany). 
Calibrants and reagent solutions were stored in polye-
thylene containers. 

Some relevant physico-chemical properties of the stu-
died soils are presented in Table 1. 

2.3. Plant Samples 
For each species, four mature plants were selected and 
tagged for soil and plant collection in November 2009. 
Plant samples were collected together with soil samples. 
In each tagged plant, adult leaves (third and fourth) with 
a healthy appearance were collected and pooled. No plant 
presented deficiency symptoms. 

Leaf samples were separated, carefully rinsed in bidis-
tilled water, air-dried, cut in small pieces, sieved through 
a 2 mm sieve and ground to fine powder prior to per-
forming the analysis. A total of three pooled leaf samples 
were analyzed for each plant species. 

2.4. Soil and Leaf Analysis 
Elemental analyses of soils and plants are commonly 
conducted after bringing the sample into solution using 
acid digestion. 

Total concentrations of trace elements (Cu, Zn, Mn 
and Fe) in soil samples were determined after the de-
composition of 0.1 - 0.5 g sample of finely ground soil 
(<2 mm fraction) with an acid mixture of HNO3 (70%) + 
HClO4 (70%), and then HF (48%) at 200˚C to 225˚C [17]. 
Total concentrations of trace elements in leaf samples 
were determined after decomposition by acid mixture of 
HNO3 (65%) + HClO4 (70%) (4:1 ratio), and HF (40%) 
in an open system at 200˚C [1]. A blank digestion solu-
tion was made for comparison. 

2.5. Single Extraction Procedure 
All the experiments were performed at two concentra-
tions and pH 7 as a single extraction procedure. The ex- 

 
Table 1. Physico-chemical properties of the soil samples. 

Sample site Sand (%) >50 μm Silt (%) 2 - 50 μm Clay (%) 0 - 2 μm pH (H2O) pH (KCl) TOC (%) CEC (cmolc∙kg−1) 

A1 62.65 ± 4 26.55 ± 0.8 10.80 ± 0.5 7.40 ± 0.4 6.63 ± 0.6 1.70 ± 0.08 32.60 ± 1 

A2 65.78 ± 5 28.07 ± 1 11.70 ± 0.3 7.53 ± 0.3 6.76 ± 0.4 1.76 ± 0.07 33.80 ± 2 

B1 85.3 ± 3 7.10 ± 0.4 7.60 ± 0.6 7.20 ± 0.6 6.43 ± 0.2 0.47 ± 0.02 18.80 ± 0.8 

B2 84.9 ± 6 7.23 ± 0.2 7.87 ± 0.3 7.29 ± 0.5 6.52 ± 0.3 0.52 ± 0.05 17.68 ± 0.7 

C 81.19 ± 4 7.5 ± 0.4 11.31 ± 0.5 7.74 ± 0.3 7.40 ± 0.4 0.60 ± 0.02 17.50 ± 0.5 

D 80.30 ± 3 7.3 ± 0.3 12.40 ± 0.5 7.10 ± 0.4 6.43 ± 0.2 0.54 ± 0.02 18.00 ± 0.6 

E 79.85 ± 3 6.9 ± 0.5 13.18 ± 0.3 7.80 ± 0.2 7.46 ± 0.3 1.30 ± 0.09 20.00 ± 0.8 
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tractant solutions were prepared in hydroxymethyl-ami- 
nomethane (TRIS), maleic acid and NaOH buffer system. 
The buffer solution is described in Table 2. Solutions of 
10−3 mol∙L−1 and 3 × 10−2 mol∙L−1 EDTA were prepared 
at pH 7. After dissolving the chelating agent, the final pH 
was adjusted using maleic acid or NaOH. 

Separately in triplicate, 5 g of dry soil samples were 
extracted with 50 mL of each extractant solution (soil/ 
solution ratio 1:10) by shaking in a horizontal shaker at 
150 rpm for 2 h at room temperature. After extraction, 
soil-EDTA suspensions were centrifuged for 15 min at 
3500 rpm, and then filtered through Millipore filter 
membranes (pore diameter 0.45 μm). The supernatants 
were used for analysis by quantitative determination by 
FAAS. 

2.6. Instrumentation 
The atomic absorption spectrometry (AAS) technique is 
widely used for the determination of metal elements. 
This technique features a high accuracy and precision of 
the micro and trace determinations of elements on the 
condition that the analyte sample is adequately prepared. 
Wet digestion is commonly used for the preparation of 
samples of vegetable materials [18]. 

Cu, Zn, Mn and Fe contents in soil and leaf samples 
were determined by FAAS in an air-acetylene flame us-
ing a GBC spectrometer (Model 932B, Australia) with a 
deuterium (D2) lamp for background correction. 

2.7. Statistical Analysis 
All data are presented as mean values of triplicate ex-
periments. Statistical analysis of the data was carried out 
using analysis of variance (ANOVA). The regression and 
other statistical analyses were conducted using Statistical 
software. 

3. Results 
3.1. Total Content of the Elements 
Total content of micronutrients in the surface soils and 
leaves are given in Table 3. Total concentrations of the 
trace metals in leaf and soil samples followed the order:  
 

Table 2. Composition of the buffer solution. 

Components pH 7 

Solution A (mL) 12.5 

Solution B (mL) 12.0 

Bidistilled water (mL) 25.5 

Solution A: 0.2 mol∙L−1 TRIS, 0.2 mol∙L−1 maleic acid. Solution B: 0.2 
mol∙L−1 NaOH. 

Table 3. Total content of micronutrients in topsoils and 
leaves (mean ± standard deviation). 

Location  Cu  
(mg∙kg−1) 

Zn  
(mg∙kg−1) 

Mn  
(mg∙kg−1) 

Fe  
(mg∙kg−1) 

A1      

 Soil 16.15 ± 0.4 386.3 ± 20 1426 ± 110 30,086 ± 1290 

 Onion 11.63 ± 0.1 27.47 ± 0.3 43.56 ± 0.6 326.5 ± 9.4 

 Tomato 12.21 ± 0.3 26.62 ± 0.4 110.5 ± 3 1479 ± 22 

A2      

 Soil 15.84 ± 0.3 334 ± 28 1286 ± 120 31,560 ± 1344 

 Onion 10.66 ± 0.2 22.75 ± 0.5 48.5 ± 1 375.8 ± 8 

 Tomato 12.65 ± 0.4 23.30 ± 0.6 123.0 ± 3 1108.8 ± 14 

B1      

 Soil 15.68 ± 0.5 375 ± 30 1564 ± 140 29,240 ± 1320 

 Onion 9.65 ± 0.1 26.05 ± 0.4 47.37 ± 1.3 269.5 ± 5 

 Tomato 12.75 ± 0.3 32.02 ± 0.8 148.0 ± 4 1034 ± 12 

B2      

 Soil 16.42 ± 0.5 356 ± 22 1686 ± 100 28,879 ± 1206 

 Onion 10.4 ± 0.2 27.2 ± 0.3 54.8 ± 1 276.2 ± 8 

 Tomato 13.10 ± 0.3 25.0 ± 0.6 173.0 ± 6 1355 ± 15 

C      

 Soil 31.5 ± 1.5 76.0 ± 2 542.5 ± 6 28,325 ± 1110 

 Garlic 6.84 ± 0.3 21.84 ± 0.6 37.31 ± 0.7 184.3 ± 5 

D      

 Soil 28.0 ± 1.2 83.5 ± 3.5 642.0 ± 12 32,675 ± 1480 

 Garlic 6.23 ± 0.2 20.68 ± 0.6 32.68 ± 1.2 154.7 ± 6 

E      

 Soil 25.0 ± 1.5 75.0 ± 4 576.0 ± 8 28,325 ± 1110 

 Garlic 6.68 ± 0.2 22.41 ± 1.1 32.38 ± 1.4 148.5 ± 4 

 
Fe > Mn > Zn > Cu. 

The obtained values were similar to those of the 
chemical composition of the earth’s crust, and the levels 
fell within the range found for other agriculture soils of 
different regions of the world, thus the critical values for 
plant growth were not exceeded [4]. 

The analysis of the leaf and soil samples showed that 
soil samples contained relatively high levels of micronu-
trients, since soils play an important role in the accumu-
lation and availability of metal species for plant uptake. 

3.2. Single Extraction Procedure 
Amounts of Cu, Zn, Mn and Fe extracted using 10−3 
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mol∙L−1 and 3 × 10−2 mol∙L−1 EDTA are shown in Table 
4. Total contents are also included for easy comparisons. 

EDTA-extractable amounts of trace elements were as 
follow: Fe > Mn > Cu > Zn. EDTA solutions extracted 
several chemical pools that include plant available form, 
exchangeable cation, labile and complexed species. 

The single extraction procedure with EDTA (10−3 

mol∙L−1 and 3 × 10−2 mol∙L−1) was validated by good 
inter-laboratory reproducibility for Cu, Zn, Mn and Fe. 
Moreover, this technique was readily available, eco- 
nomically practical, and provided quantitative results 
rapidly. The percentage of extractable amounts is shown 
in Table 5. 

3.3. Soil-Plant Transfer Study 
The soil-plant transfer coefficients were calculated as the 
ratio of the total metal concentration in the plant to the 
total metal concentration in the corresponding surface 
soil horizon where the plant had grown in order to estab-
lish a relative sequence between Cu, Zn, Mn and Fe mo-
bility in the different sites. 

The results (listed in Table 6) were in agreement with 
other reports [2,4,19]. These studies pointed out the plant 
ability to uptake metal species from soil solutions pre-
ferably in exchangeable forms. Their bioaccessibility 
through overground parts of plants, mainly leaves, is 
significant. 

 
Table 4. EDTA-extractable Cu, Zn, Mn and Fe. Total contents are included (mean ± standard deviation). 

Soil sample Cu (mg∙kg−1) Zn (mg∙kg−1) Mn (mg∙kg−1) Fe (mg∙kg−1) 

A1     

EDTA 10−3 M 0.63 ± 0.01 2.15 ± 0.05 36.63 ± 0.4 15.92 ± 0.1 

EDTA 3 × 10−2 M 7.86 ± 0.02 4.41 ± 0.09 382 ± 2.2 326 ± 1.6 

Total content 16.15 ± 0.4 386.3 ± 20 1426 ± 110 30,086 ± 1290 

A2     

EDTA 10−3 M 0.26 ± 0.04 1.47 ± 0.01 22.64 ± 0.3 9.90 ± 0.06 

EDTA 3 × 10−2 M 6.91 ± 0.03 4.15 ± 0.03 375 ± 2.2 376 ± 1.1 

Total content 15.84 ± 0.3 334 ± 28 1286 ± 120 31,560 ± 1344 

B1     

EDTA 10−3 M 0.57 ± 0.01 0.73 ± 0.01 24.41 ± 0.3 10.7 ± 0.5 

EDTA 3 × 10−2 M 6.25 ± 0.01 4.20 ± 0.08 290 ± 5.2 373 ± 7.5 

Total content 15.68 ± 0.5 375 ± 30 1564 ± 140 29,240 ± 1320 

B2     

EDTA 10−3 M 0.88 ± 0.003 2.34 ± 0.02 49.00 ± 0.6 12.00 ± 0.2 

EDTA 3 × 10−2 M 7.56 ± 0.2 3.89 ± 0.02 336 ± 1.4 358 ± 1.2 

Total content 16.42 ± 0.5 356 ± 22 1686 ± 100 28,879 ± 1206 

C     

EDTA 10−3 M 1.38 ± 0.06 1.12 ± 0.08 5.50 ± 0.3 2.20 ± 0.1 

EDTA 3 × 10−2 M 3.24 ± 0.2 2.95 ± 0.1 21.0 ± 1.2 16.0 ± 0.8 

Total content 31.5 ± 1.5 76.0 ± 2 542.5 ± 6 28,325 ± 1110 

D     

EDTA 10−3 M 1.32 ± 0.03 1.64 ± 0.02 23.5 ± 1.5 4.10 ± 1.1 

EDTA 3 × 10−2 M 4.10 ± 0.3 3.14 ± 0.2 36 ± 2.0 32 ± 1.6 

Total content 28.0 ± 1.2 83.5 ± 3.5 642.0 ± 12 32,675 ± 1480 

E     

EDTA 10−3 M 0.85 ± 0.07 1.92 ± 0.15 13.4 ± 0.4 3.00 ± 0.1 

EDTA 3 × 10−2 M 3.20 ± 0.3 3.35 ± 0.2 27.0 ± 3.0 28.0 ± 2.0 

Total content 25.0 ± 1.5 75.0 ± 4.0 576.0 ± 8.0 28,325 ± 1110 
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Table 5. Percentage of EDTA (3 × 10−2 mol∙L−1) extractable 
amounts. 

Soil sample Cu (%) Zn (%) Mn (%) Fe (%) 

A1     

 48.7 1.14 26.8 1.08 

A2     

 43.6 1.24 29.2 1.19 

B1     

 39.9 1.12 18.5 1.28 

B2     

 46.0 1.09 19.9 1.24 

C     

 10.39 3.88 3.87 0.06 

D     

 14.6 3.76 5.60 0.10 

E     

 12.8 4.46 4.68 0.10 

 
Table 6. Soil-plant transfer coefficients in percentages (%). 

Location  Cu Zn Mn Fe 

A1      

 Onion 72.0 7.11 3.05 1.09 

 Tomato 75.6 6.99 7.75 4.92 

A2      

 Onion 67.3 6.81 3.77 1.19 

 Tomato 79.8 6.98 9.56 3.51 

B1      

 Onion 61.5 6.95 3.03 0.92 

 Tomato 81.3 8.54 9.46 3.54 

B2      

 Onion 63.3 7.64 3.25 0.95 

 Tomato 79.8 7.02 10.3 4.69 

C      

 Garlic 21.7 28.7 6.87 0.65 

D      

 Garlic 22.3 24.8 5.09 0.47 

E      

 Garlic 26.7 29.9 5.62 0.52 

4. Discussion 
Total content of micronutrients in soil was within the 
maximum allowable concentration reported in the litera- 
ture [4]. 

Soil-plant transfer coefficients (Table 6) allowed as-
sessing the intensity of the plant intake, phytoavailability 
and phytoaccumulation of Cu, Zn, Mn and Fe micronu-

trients for each examined site. The results showed that 
Cu and Zn were the most phytoavailable from all the 
microelements present in the ecosystems. These metal 
species were significantly absorbed and accumulated by 
the plants under study. 

Copper was characterized by the highest soil-plant 
transfer coefficients (normalized for 100%) and the 
highest phytoaccumulation (Cu soil-plant transfer coeffi-
cients ranged from 21.7% to 81.3%) of all the microele-
ments in these ecosystems. 

In contrast, Fe was mostly inert to the plants ability to 
uptake this micronutrient in spite of the fact that Fe was 
found at very high concentration levels in the soils of the 
sampling sites. 

The extraction yield data, observed as percentage of 
EDTA (3 × 10−2 mol∙L−1) extractable metal (Table 5), 
allowed assessing the mobility of these microelements 
for each examined site. Based on the extraction yields 
from the single extraction procedure, it can be concluded 
that Cu was the most mobile metal species of all the stu-
died elements in soils A1, A2, B1 and B2. 

Therefore, the calculated soil-plant transfer coeffi-
cients could be compared with the extraction yield data 
of the single extraction with EDTA. The lowest extrac-
tion yields were observed in soils C, D and E, which 
presented rather different properties. 

Copper is an essential micronutrient and has very im-
portant biological functions in plant growth. Its extrac-
tion yield for the single extraction procedure was com-
pletely consistent with the soil-plant transfer coefficients 
obtained for all the examined sites. 

Iron can be also considered an important plant micro-
nutrient, but at high concentrations it can be toxic. The 
calculated soil-plant transfer coefficients for individual 
plants and the extraction yield values were very low. 
This indicated that the content of phytoavailable Fe and 
its soil-plant mobility were very low. 

Manganese is an essential element for plants, but at 
high concentrations it can also cause toxicity. The ex-
traction yield values for the single EDTA extraction pro-
cedure were relatively high compared with the calculated 
soil-plant coefficients. 

Zinc is an essential element for plant nutrition, but 
with increasing Zn content Zn toxicity also increases. 
The increase in the content of available Zn forms in soil 
caused their higher concentration in overground parts of 
plants, mainly in soils C, D, and E. 

The chemical composition of the leaves reflected, in 
general, the elemental composition of the growth media. 
Some ranges of trace element concentrations and their 
classification for the mature leaf tissue are presented in 
Table 7. They are general approximations. It is worth 
noting that concentration ranges of trace elements re- 
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Table 7. Approximate concentrations of trace elements in mature leaf tissue generalized for various species (ppm) [4]. 

Element Deficient  
(if less than the stated amount of essential elements) Sufficient or normal Excessive or toxic Tolerable in agronomic crops 

Cu 2 - 5 5 - 30 20 - 100 5 - 20 

Zn 10 - 20 27 - 150 100 - 400 50 - 100 

Mn 10 - 30 30 - 300 400 - 1000 300 

 
quired by plants are often very close to the content that 
exerts a harmful influence on plant metabolism. It is not 
easy, therefore, to make a clear division between suffi-
cient and excessive quantities of trace metals in plants. 

All the microelements (Cu, Zn, Mn and Fe) in the leaf 
samples were within the maximum permissible limits. 

5. Conclusions 
Total micronutrient content and the extractable fraction 
in the soils did not exceed the critical values for plant 
growth. These results were in agreement with the values 
found for the leaf samples grown in those soils. 

Metal ions such as Fe2+ and Fe3+, mainly associated 
with the aluminosilicate lattice of soils, could not be 
classified as biologically available and hence they 
showed reduced mobility in the soil systems. 

The results of this study can be useful to predict qua-
litative metal transfer mobility in similar soil-plant sys-
tems in different regions of the world. 

It can be concluded that the extraction yield data and 
the soil-plant transfer coefficients confirmed that the 
soils in the Southwest of the Buenos Aires Province 
(Argentina) have an appropriate content of micronu-
trients that permit the satisfactory growth of important 
crops. 
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