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Abstract

In Poland 11% of soils feature elevated zinc content or slight zinc contamination. This
investigation aimed at estimation of the effect of progressive acidification of slightly zinc-
contaminated soils on zinc content in plants and translocation of this metal downwards the
soil profile. The study involved a two-year lysimetric experiment on lessive soil. The amo-
unt of zinc indicating slight soil contamination was introduced into 0.2 m of topsoil, which
was subjected to progressive acidification with sulfuric acid solution in the course of the
experiment.

Zinc content proved to considerably increase in plants (barley straw and maize) only
under strong acidification. Soil reaction did not significantly influence the zinc content in
soil, both total and assayed in HCI zinc forms, while a considerable increase in easily solu-
ble zinc forms (in CaCl, solution) occurred on strongly acidified soils.

Considering the whole research period, increasing soil acidification did not result in
any alterations involving zinc content in Bbr and C horizons of soil profiles (below
30 cm).
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WPLYW SYSTEMATYCZNEGO ZAKWASZANIA GLEBY PLOWEJ NA ZAWARTOSC
CYNKU W ROSLINACH ORAZ JEGO PRZEMIESZCZANIE
W PROFILU GLEBOWYM

Abstrakt

W Polsce 11% gleb charakteryzuje sie podwyzszona zawartoscig lub stabym zanie-
czyszczeniem cynkiem. Celem pracy byto okreslenie wptywu systematycznego zakwaszania
gleby stabo zanieczyszczonej cynkiem na zawartos¢ tego pierwiastka w roslinach i jego prze-
mieszczanie w glab profilu glebowego. Badania prowadzono w trakcie dwuletniego doswiad-
czenia lizymetrycznego na glebie ptowej. Do warstwy gleby 0-20 cm dodano cynk w iloSci
odpowiadajacej stabemu zanieczyszczeniu tym pierwiastkiem. W czasie badan glebe syste-
matycznie zakwaszano, stosujac roztwor kwasu siarkowego.

Stwierdzono, ze zawarto$¢ cynku w roslinach (jeczmien-stoma i kukurydza) istotnie
wzrosta tylko na najbardziej zakwaszanych obiektach. Odczyn gleby nie wptywal istotnie
na zawarto$é catkowitych i oznaczanych w HCI form cynku w glebie. Natomiast zawartos§¢
tatwo rozpuszczalnych form cynku (w roztworze CaCly) istotnie wzrosla w najbardziej za-
kwaszonych glebach. Rosnace zakwaszenie gleby nie wptynelo w trakcie badan na zawar-
tos¢ cynku w poziomach Bbr i C profilu glebowego (ponizej 30 cm).

Stowa kluczowe: Zn, formy, pH gleby, rosliny, lizymetry.

INTRODUCTION

In Poland, soils characterized by elevated zinc content (I°) or slightly
contaminated with zinc (II°) constitute 11 % of agricultural acreage (MERCIK
at al. 2003). Mobility of this metal is related to soil properties, especially its
reaction (GorracH, GaMBUS 1991, MERcIK et al. 2003). Therefore, prolonged
acidification of soil potentially facilitates increased accumulation of zinc in
plants and its translocation downwards the soil profile.

The aim of the work was to examine the effect of progressive soil acidi-
fication on zinc accumulation in plants, as well as on translocation of this
metal from topsoil downwards the soil profile under slight soil contamina-
tion with zinc.

MATERIAL AND METHODS

In 2002-2003, a study was completed based on a lysimetric experiment.
Lysimeters of 0.5 m2 area and 1m depth were filled with lessive soil main-
taining its natural genetic levels. Selected physicochemical soil properties
are shown in Table 1. When filling lysimeters with soil, zinc in the form
of Zn(NO3), was introduced to 0-20 cm topsoil in the amount indicating slight
soil contamination (II°) with this metal. In this experiment it reached 350 mg
Zn-kgl. The experimental design involved 5 treatments (each with three
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Table 1
Some properties of lessive soil used in experiment
Horizon, Fraction 7n conte_rllt
depth (%) C org. KO CEC* (mg-kgh
(em) | -0.02 | <0.002| (g-kgh | P (mmol(+)-kg™) soil extract
mm mm HCIO, HC1 CaCl,
Ap
(0-30) 17 9 9.0 5.8 106 36.4 16.5 2.72
Bbr
(30-60) 15 6 4.2 5.5 68.3 19.9 6.07 0.85
C
(60-90) 10 4 1.5 54 435 7.15 2.42 0.60

* CEC - cation exchangeable capacity

replications), representing various effects produced by factors regulating soil
reaction. According to the experimental design, the soil in treatment 1 re-
ceived two limings with a mixture of calcium carbonate and magnesium,
following 0.5 Hh (spring and fall 2002) in order to prevent its acidification.
The soil in objects 3-5 was systematically acidified using increasingly higher
quantities of sulfuric acid solution which, expressed as (S), amounted yearly
to 50, 150 and 300 kg-ha'l, respectively. Diluted sulfuric acid was spread on
soil surface. Thus, the topsoil reaction (0-20 cm) was diversified during the
investigation, with the pH values ranging from 4.7 to 6.1 (Table 2). Plants
subjected to the test were spring barley (2002) and winter rape (2002/2003).
The latter, because of its unsatisfactory winter survival, was removed and
then maize was sown on that stand to be harvested in the early dough
stage. In the years of the experiment, monthly precipitation generally did
not exceed average multi-year values, while at the turn of 2002 and 2003
and in the subsequent months winter — spring drought occurred. The period
between February and July received merely 47% of the average precipita-
tion for many years. When the experiment was completed, soil samples were
collected from the whole profile at every 10 cm to undergo the following
analysis: pH was assayed with the potentiometric method in 1 mole KCl-dm,
total Zn content was determined by sample etching in perchloric acid (Anon-
im 1987) and soluble forms of this metal were assayed in 1 mole HCl-dm™
(GEMBARZEWSKI et al. 1987) and 0.01 mole CaClZ-dm'3 (Novozamsky et al. 1993).
Plant samples were subjected to mineralization according to the microwave
technique and zinc was assayed through the AAS method. Statistical analy-
sis was applied using AWAR computer program.
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Table 2

Zinc content in soil (mg-kg?) after completion of the experiment as dependent on soil
pH and soil extract solution

; Treatment
Sm(lmls)yer 1 2 3 4 5 F5Dus
pH value
0-20 6.1 5.6 54 5.0 4.7 -
20-30 5.9 5.8 5.7 5.3 4.9 -
30-40 5.6 5.6 5.6 55 55 -
HCI1O, (ANoNiM 1976)
0-20 185.2 184.6 180.5 182.7 179.3 ns.
20-30 114.7 117.3 119.1 117.6 119.8 n.s
30-40 19.6 21.0 20.5 20.0 21.0 n.s
1 mol HCI (GEMBARZEWSKI et al. 1987)
0-20 153.6 154.2 156.8 155.3 158.4 n.s
20-30 73.1 744 74.2 744 77.8 n.s
30-40 6.40 6.83 6.45 6.68 6.97 n.s
0.01 mol CaCl, (NovozamsKy et al. 1993)

0-20 19.11 20.95 21.34 26.58 34.96 2.87
20-30 11.07 11.34 11.39 12.92 17.18 1.65
30-40 0.88 0.88 0.90 0.90 0.95 n.s.

RESULTS AND DISCUSSION

Gradual acidification of soil in the conditions of its slight contamination
with zinc did not significantly affect yielding of cultivated plants (Table 3).
However, on the most acidified treatments (4 and 5) zinc content in barley
straw and maize did considerably increase as compared to non-acidified ones
(1 and 2). In spite of this, the critical values taken for assessment of plant
for consumption or fodder were not exceeded (KaBaTa-PENDIAS et al. 1993).

Total zinc content in soil and that assayed in HCl extract were not
significantly dependent on soil reaction (Table 2). However, opinions regard-
ing the influence of soil reaction on zinc solubility are contrary. MERCIK et
al. (2003) demonstrated no effect on the total Zn form and the one extracted
with HCl solution, while GorLacH and GaMmBUS (1991) and KiEkeNS (1995) re-
ported that regardless the form of zinc, its solubility depended on soil reac-
tion and decreased proportionally to the increase in pH value.
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Table 3
Zinc content in dry matter yields of barley and maize (mg-kg'1 DM)
and yield data (g per lysimeter)
Yield Zn content
Treatment barley ) barley .
- maize - maize
grain straw grain straw

1.Ca-2x 0.5 Hh 174.2 280.9 870.6 29.14 32.61 37.25
2. Ca-0; S-0 162.1 274.3 867.4 31.05 34.02 39.93
3. 5-50 kg* 171.6 279.1 873.5 31.43 34.14 40.78
4. S-150 kg* 184.8 287.4 892.1 32.09 36.07 44.92
5. S-300 kg* 180.3 281.2 914.7 33.68 39.12 54.16
LSDO0.05 n.s. n.s. n.s. n.s. 3.21 4.15

*Dose of sulfuric acid solution expressed as sulfur — S (kg-hal-year?)

The smallest amount of zinc was assayed in CaCl, extract (Table 2). On
the treatments characterized by slightly acid soil reaction (1 and 2), such
zinc equalled 10.8% and when the soil reaction was 4.7 pH it reached 19.5%
of the total zinc value. Therefore, our results are in agreement with the
literature data, which implicate that on acid soils the quantity of soluble
zinc forms increase, which favours availability of this element to plants (Gog-
LACH, GAMBUS 1991, MERCIK et al. 2003).

Under progressive soil acidification, values of zinc forms assayed in soil
profile below 30 cm did not increase. This can suggest that when soil con-
tamination with zinc is slight, zinc accumulates in the arable layer but is
not translocated downwards soil profile does. However, the present results
could have been affected by the weather conditions. It is apparent that trans-
location of components in soil is strongly related to water content in soil as
well as predominant direction of its movement (Koc et al. 2003). Taking into
account the amount and distribution of precipitation in the course of this
investigation, it is possible to hypothesize that rinsing was limited, which
can be confirmed by the absence of soil leachate in the years when this
experiment was conducted.

CONCLUSIONS

1. Gradual soil acidification under slight soil contamination with zinc did
not significantly influence the yielding of cultivated plants.

2. Zinc content in plants, mainly in barley straw and in maize, consider-
ably increased only on highly acidified treatments, but its amounts did not
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exceed the critical values established for plants for consumption (barley grain)
or fodder (barley straw and maize).

3. Total zinc content and zinc assayed in HCI extract in soil were not
dependent on soil reaction, while on the most acidified treatments, the zinc
content assayed in CaCl, extract did significantly increase in Ap (0-30 cm)
horizon.

4. Under progressive soil acidification, no evidence emerged suggesting
increase in zinc forms assayed in Bbr and C horizons of soil profiles (below
30 cm).
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