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QUANTITATIVE RELATIONS BETWEEN

THE CONTENT OF SELECTED TRACE ELEMENTS
IN SOIL EXTRACTED WITH 0.03 M CH;COOH

OR 1 M HCL AND ITS TOTAL CONCENTRATION
IN LETTUCE AND SPINACH

Sylwester Smolen, Wtodzimierz Sady, Iwona Ledwozyw-Smolen

University of Agriculture in Krakow

Abstract. Numeorus analytical methods have been developed for determination of micro-
nutrients, heavy metals and trace elements in soil. However, rapid and easy-to-perform
methods are still needed for chemical composition analysis of soil that would be based on
simultaneous extraction of multiple elements. Furthermore, it would be beneficial if ele-
ment concentration in soil using these methods were correlated with its concentration in
plants. The aim of the study was to determine the interdependency between soil concen-
tration of: Al, B, Ba, Cd, Co, Cr, Cu, Fe, Li, Mn, Mo, Ni, Pb, Sr, Ti, V and Zn extracted
using 0.03 M CH;COOH or 1 M HCI and its content in spinach leaves and lettuce heads.
In reference to Al, B, Ba, Cd, Mn, Ni and Zn level in spinach as well as Al, B, Ba, Cd, Cr,
Fe, Li and Ti accumulation in lettuce, higher values of correlation coefficients were calcu-
lated for soil and plant content of these elements after extraction with 0.03 M CH;COOH
than 1 M HCL. In the case of: Cr, Cu, Fe, Li and Sr in spinach as well as Ni and Pb in let-
tuce, higher values of this parameter were found for 1 M HCI soil extraction when com-
pared with the other tested method. No significant relation was found between Pb and Ti
accumulation in spinach as well as Cu Mn, Sr or Zn content in lettuce and its level in soil

irrespective of the extraction method (0.03 M CH3;COOH or 1 M HCI).

Key words: 0.03 M acetic acid, 1 M hydrochloride acid, Rinkis method, trace elements

INTRODUCTION

In diagnostics of plant fertilization needs these methods are preferred that enable de-
termining multiple available forms of mineral nutrients in one extraction medium
[Nowosielski 1974, Komosa 2000]. There is a tendency to use solutions of weaker ex-
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traction power but strongly correlating with the amount of mineral nutrients uptaken by
plants [Komosa and Stafecka 2002].

In Poland, for the purposes of chemical analysis of soils and substrates for horticul-
tural production (excluding pomology), 0.03 M CH3;COOH extraction is commonly
used for macro element and boron determination (the universal method) while Lindsay
method- for the estimation of other micronutrients [Nowosielski 1974]. In the latter
method, extraction medium consists of: EDTAH,, NH;, C;HgO,H,O and
(CH3C0O0),Ca-2H,0. Soil extraction using 1 M HCI — Rinkis method [Gorlach et al.
1999] — is applied for some microelement determination in agricultural soils. This
method, in comparison to Lindsay method, is much more convenient particularly in
respect of medium preparation as well as soil extract storage. Tyksinski [1985] showed
differentiated extraction ability of Lindsay solution in reference to: Cu, Fe, Mn, Mo and
Zn which varied from 32% for Mo to 96% for Mn.

Other soil extraction methods basing on a single solution are also applied. In the Neth-
erlands, soil preparation with 0.01 M CaCl, is used [Houba et al. 1997] as well as peat
substrate extraction by distillate water. In Germany soil extraction with CaCl, and DTPA
mixture is commonly applied [Nowak and Strojny 2004, Strojny and Nowak 2004].
A major disadvantage of using CaCl, solutions is though the impossibility of calcium and
chloride determination in analyzed soils and substrates. Still, it was shown that soil
preparation with 0,01 M CaCl, is suitable for assaying in a single extractor easily soluble
forms of Cu, Cd, Mn and Zn (as well as, to a lesser extent, Fe) in soil of differentiated
physicochemical properties [Sady et al. 1998]. In further research, however, no relation was
found between accumulation of: micronutrients, heavy metals and trace elements in carrot
storage roots (except Mn and Sr [Smolen and Sady 2009]) and its level in soil determined
after extraction with 0.01 M CaCl, [Smolen and Sady 2006, 2007a, 2007b, 2008, 2009].

The aim of the present study was to evaluate the relationship between soil content
of: Al, B, Ba, Cd, Co, Cr, Cu, Fe, Li, Mn, Mo, Ni, Pb, Sr, Ti, V and Zn extracted using
0.03 M CH3COOH or 1 M HCl and its level in spinach leaves and lettuce heads.

MATERIAL AND METHODS

In 2008-2009 studies were conducted on spinach leaves and lettuce heads as well
as soil samples after cultivation of these species. Lettuce ‘Melodion F;’ was cultivated
in field experiments on soil classified as fen soil (soil texture class — silty clay: sand
14%, silt 45%, clay 41%). Spinach was grown in pot experiments in containers sized
60 x 40 x 20 cm on the same type of soil. Research was carried out in Experimental
Station of Agricultural University in Krakéw. Results of chemical analysis of soil be-
fore spinach and lettuce cultivation were presented in table 1.

In both years of the study lettuce was cultivated from seedling. Seed sowing was
performed in the beginning of March while planting (with spacing of 30 x 30 cm) — in
the middle of April. Lettuce harvest combined with taking soil samples was completed
in the beginning of June. In 2008-2009, analysis of chemical composition was carried
out on 64 samples of lettuce heads as well as 64 samples of soil after lettuce cultivation
taken from 0-30 cm soil layer.
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In 2008, a pot cultivation of spinach was carried out in the open field under a shade
providing fabric. Seeds were sown in the beginning of April while harvest with taking
soil samples was performed in the third decade of May. Totally, 24 samples of spinach
leaves as well as 24 soil samples after spinach cultivation were collected for chemical
analysis. In 2009, pot experiment on spinach was carried out in a foil tunnel. Seed sow-
ing was performed in the second decade of March while spinach harvest — at the end of
April. Analysis of chemical composition was carried out on 50 samples of spinach
leaves as well as 50 soil samples after spinach cultivation. In both years of the study,
mean weight of leaf sample was approximately 0.6 kg.

Before spinach sowing and lettuce planting NPK fertilization was performed on the
basis of chemical analysis of soil to the level recommended for cultivated species [Sady
2006].

In plant and soil samples (both prior to and after spinach and lettuce cultivation)
content of: Al, B, Ba, Cd, Co, Cr, Cu, Fe, Li, Mn, Mo, Ni, Pb, Sr, Ti, V and Zn was
determined by ICP-OES method using high-resolution spectrometer (Prodigy Teledyne
Leeman Labs). The ICP-OES instrument was calibrated using Merck's ICP multi-
element standard no. VI and no. XVI. The soil level of tested elements was determined
using two extraction methods. 0,03 M CH;COOH procedure was applied for soil sam-
ples at its natural humidity — the universal method [Nowosielski 1974] while extraction
with 1 M HCI was carried out on air-dried, ground and 1 mm — sieved soil samples —
Rinkis method [Gorlach et all. 1999]. Concentration of tested elements in plant samples
was assayed after mineralization in 65% super pure HNO; (Merck no. 100443.2500) in
a CEM MARS-5 Xpress microwave oven [Pastawski and Migaszewski 2006].

Total number of analyzed samples allowed to obtain normal distribution for the con-
tent of major number of tested elements both in soil and plant material — detailed data
not presented.

Obtained results were statistically verified by Statistica 8.0 PL programme for sig-
nificance level P < 0.05. Correlation coefficients were calculated for the relation be-
tween soil concentration of elements (after extraction using 0.03 M CH3;COOH or
1 M HCI — x variable) and its content in spinach leaves and lettuce heads — y variable
(tab. 2 and 3).

RESULTS AND DISCUSSION

When determining the relation between soil and plant content of mineral element,
the following factors should be taken into consideration: physicochemical properties of
soil, type of soil analysis procedure as well as plant species. Roots usually accumulate
higher amounts of mineral elements than above-ground parts (i.e. shoots and leaves)
which in turn contain higher level of minerals than flowers, fruits and seeds [Ramos et
al. 2002, Segkara et al. 2005, Bosiacki 2008, 2009]. Among vegetable crops, root and
leafy vegetables tend to accumulate considerable amount of heavy metals, especially
cadmium [Starck 1992, S¢kara et all. 2005].

The level of heavy metal and trace element uptake by plants is basically dependent
on numerous physicochemical properties of soil, including content of these elements in

Acta Sci. Pol.
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soil [Gerritse et all. 1983, Starck 1992, Segkara et all. 2005]. Concentration of these
compounds in soil solution is in turn affected by soil pH as well as chemical properties
of particular element. [Tyler and Olsson 2001].

Studies conducted by Davies [1992] revealed that the level of Cd, Pb and Zn in rad-
ish roots and leaves was significantly correlated with both soil content of its easily solu-
ble forms (determined in 0.05 M EDTA and 1 M NH4NOs) as well as total soil content
assayed in concentrated HNO;. In research carried out by McLaughlin et al. [1997] no
interrelationship was found between cadmium content in soil (extracted for 7 days using
0.05 M EDTA) and its accumulation in potato tubers. On the other hand, Cd accumula-
tion and its total uptake by oat, ryegrass, carrot and spinach plants were significantly
correlated with the soil cadmium extracted by DTPA and NH4;NO; [He and Singh,
1993]. Gerritse and co-workers [1983] revealed a significant correlation between con-
centration of: Cd, Cu and Zn in soil solution as well as its easily soluble forms in soil
(extracted using 0.005 N and in 0.05 N CaCl, + NaCl + KCl in the ratio 3:1:1) and its
accumulation in spinach, lettuce and potato. In that study no significant relationship
between plant uptake and soil solution concentration or any other soil parameter could
be found for Pb analysis. In research conducted by Smolen [2009], 0.03 M solution of
CH;COOH was suggested a possible of extracting solution for soil level determination
of Al, As, Ba, Cd, Cu, Fe, Li, Mn, Ni, Pb, Sr and Zn .

In the present work a differentiated interrelationship was revealed between soil con-
tent of tested element (extracted using 0.03 M CH3;COOH and 1 M HCI) and its concen-
tration in spinach and lettuce (tab. 2 and 3). This observation indicates a species-
dependency in uptake and accumulation of tested elements in analyzed plant parts. Sig-
nificant values of correlation coefficients between element content in soil extracted
using both methods and its accumulation in plants were calculated in reference to: Al,
B, Ba, Cd, Cr, Cu, Fe, Li and Zn in spinach leaves as well as Al, B, Ba, Cd, Cr, Fe, Li
and Ni in lettuce heads. These relations, in reference to mentioned elements, were posi-
tive or negative for particular vegetable species depending on applied soil extraction
method (0.03 M CH;COOH or 1 M HCI).

A better match (i.e. higher values of correlation coefficients irrespective of its sign)
between plant and soil element concentration after 0.03 M CH;COOH extraction (in
comparison to 1 M HCI) was found for Al, B, Ba, Cd, Mn, Ni and Zn in spinach as well
as Al, B, Ba, Cd, Cr, Fe, Li and Ti in lettuce (tab. 2 and 3). Observed relation could
have resulted from greater extraction efficiency exhibited by 1 M HCI. It was previously
shown that application of strong solution extractants usually negatively affects the correla-
tion between soil and plant concentration of most mineral elements [Westerman 1990].

Determination of tested elements in 1 M HCI soil extracts (when compared to
0.03 M CH3COOH) contributed to higher values of correlation coefficients in reference
to spinach content of: Cr, Cu, Fe, Li and Sr as well as lettuce accumulation of Ni and Pb
(tab. 2 and 3).

Quantitive chemical analysis in 0.03 M CH;COOH revealed that the level of: Co,
Mo and V in soil after both spinach and lettuce cultivation was below the limits of its
detection using ICP-OES spectrometer (tab. 2 and 3). However, after soil extraction
with 1 M HCI, a significant interrelationship between soil and plant concentration was
found in reference to: Co, V in both species as well as Mo in spinach.

Hortorum Cultus 9(4) 2010
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In the case of spinach level of Pb and Ti as well as Cu Mn, Sr and Zn contents in let-
tuce no significant relation was found between its content in plants and soil determined
using both extricating solution (tab. 2 and 3).

In study conducted by Smolen et al. [2010] soil depth-range from which samples
were collected had a significant effect on values of correlation coefficients for soil and
carrot root content of: Al, B, Ba, Cd, Co, Cr, Cu, Fe, Li, Mn, Mo, Ni, Pb, Sr, Ti, V and
Zn extracted using 0.03 M CH;COOH or 1 M HCI. Analysis carried out in 1 M HCI
solution revealed a significant interrelationship between soil and plant content of: Mn
and Fe (for 30-60 cm and 60-90 cm soil layers), Co and Pb (for 30-60 cm layer) as
well as Mo (for 0-30 cm, 30-60 cm and 60-90 cm layers). These authors also showed
that soil level of: Al, B, Ba, Cd, Cu, Sr i Zn (for 0-30 c¢cm, 30-60 cm and 60-90 cm
layers) as well as Cr, Li and Ni (for 30-60 and 60-90 cm layers) assayed in 0.03 M
CH;COOH was relatively strongly correlated with its content in carrot when compared
to determination using 1 M HCI.

To sum up, results obtained in the present and previous works [Smolen et all. 2010],
allow to state that soil extraction with 0.03 M CH3;COOH can be an adequate procedure
for determination of soil content not only in the case of macro elements and chlorides,
boron but also Al, Ba, Cd, Cr, Fe, Li, Mn, Ni, Sr, Ti and Zn. Evaluation of usefulness of
this procedure for analyzing mentioned elements in soil is though dependent on soil
layer from which samples are taken [Smolen et al. 2010] as well as the level of mineral
uptake by particular plants species. It is thus proposed that further studies should be
carried out on soils with differentiated physicochemical properties along with complex
assessment of plant nutrition with macro- and microelements as well as trace element
accumulation in cultivated plants

CONCLUSIONS

For spinach content of: Al, B, Ba, Cd, Cr, Cu, Fe, Li and Zn as well as lettuce level
of: Al, B, Ba, Cd, Cr, Fe, Li and Ni a significant relation was found between soil and plant
content of these elements after soil extraction with 0.03 M CH;COOH and 1 M HCI.

Significantly higher values of correlation coefficients for plant and soil content of
elements determined using 0.03 M CH3;COOH (in comparison to 1 M HCI extraction)
were found in reference to: Al, B, Ba, Cd, Mn, Ni and Zn in spinach leaves as well as
Al, B, Ba, Cd, Cr, Fe, Li and Ti in lettuce.

Significantly higher values of correlation coefficients for soil extraction with 1 M
HCI (when compared to 0.03 M CH3;COOH extraction) and its content in plants were
found in respect of: Cr, Cu, Fe, Li and Sr in spinach as well as Ni and Pb in lettuce.

No significant relation was found for Pb and Ti content in spinach as well as Cu,
Mn, Sr and Zn accumulation in lettuce and its level in soil assayed in both 0.03 M
CH;COOH and 1 M HCI extracts.

Acta Sci. Pol.
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RELACJE ILOSCIOWE MIEDZY ZAWARTOSCIA WYBRANYCH
PIERWIASTKOW SLADOWYCH W GLEBIE EKSTRAHOWANYCH

0,03 M CH;COOH I 1 M HCL A ZAWARTOSCIA ICH FORM OGOLNYCH
W SALACIE I SZPINAKU

Streszczenie. Opracowano wiele metod oznaczania zawartosci mikrosktadnikoéw, metali
cigzkich oraz pierwiastkow sladowych w glebie. Jednakze nadal istnieje potrzeba poszu-
kiwania szybkich i tatwych do wykonania metod analizy sktadu chemicznego gleby, ktore
bylyby oparte na wspoélnej ekstrakeji wielu sktadnikow. Najlepiej, by zawarto$¢ sktadni-
kow oznaczona w glebach za pomoca tych metod byta skorelowana z ich zawarto$cia
w roslinach. Celem badan byto okreslenie zaleznosci pomigdzy zawartoscia w glebie Al,
B, Ba, Cd, Co, Cr, Cu, Fe, Li, Mn, Mo, Ni, Pb, Sr, Ti, V i Zn ekstrahowanych za pomoca
0,03 M CH3COOH (metoda uniwersalna) i 1 M HCI (test Rinkisa), a ich zawartoscia w li-
$ciach szpinaku i w glowkach sataty. W odniesieniu do zawartosci: Al, B, Ba, Cd, Mn, Ni
i Zn w szpinaku oraz Al, B, Ba, Cd, Cr, Fe, Li i Ti w salacie wyniki badan wykazaly wyz-
sza warto$¢ wspolczynnikow korelacji pomigdzy zawartoscia pierwiastkow w glebie
oznaczonych za pomoca 0,03 M CH;COOH niz w 1 M HCl a zawartoscia tych pierwiast-
kéw w roslinach. W poréwnaniu z ekstrakcja 0,03 M CH3COOH stwierdzono wyzsza
warto$¢ wspotczynnikow korelacji, po oznaczeniu pierwiastkow w glebie w 1 M HCI,
z ich zawarto$cia w roslinach w przypadku: Cr, Cu, Fe, Li i Sr w szpinaku oraz Ni i Pb
w salacie. Nie stwierdzono istotnego zwiazku pomigdzy zawartoscia Pb i Ti w szpinaku
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oraz Cu Mn, Sr and Zn w salacie, a zawartoscia tych pierwiastkow w glebie, oznaczanych
zaréwno w ekstraktach 0,03 M CH;COOH jak i 1 M HCL.

Stowa kluczowe: 0,03 M kwas octowy, 1 M kwas solny, test Rinkisa, pierwiastki §ladowe
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