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Abstract: Soil acidity and aluminum toxicity are considered the most damaging
soil conditions affecting the growth of most crops. This paper reviews the
results of tests of pH, exchangeable acidity and the mobile aluminum (Al)
concentration in profiles of pseudogley soils from the Cacak—Kraljevo Basin.
For these purposes, 102 soil pits were dug in 2009 in several sites around the
Catak—Kraljevo Basin. The tests encompassed 54 field, 28 meadow, and 20
forest soil samples. Samples of soil in a disturbed state were taken from the
Ah and Eg horizons (102 samples), from the Bstg horizon in 39 field, 24
meadow and 15 forest pits (atotal of 78 samples) and from the B,tg horizon
in 14 field, 11 meadow, and 4 forest pits (a total of 29 samples). The mean
pH vaues (1 M KCI) of the tested soil profiles were 4.28, 3.90 and 3.80 for
the Ah, Eg and B4tg horizons, respectively. The soil pH of the forest samples
was lower than those in the meadow and arable land samples (mean values of
4.06, 3.97 and 3.85 for arable land, meadow and forest samples, respecti-
vely). The soil acidification was especiadly intensive in the deep horizons;
thus, 27 (Ah), 77 (Eg) and 87 % (Btg) of the soil samples had a pH value
below 4.0. The mean values of the total exchangeable acidity (TEA) were
1.55, 2.33 and 3.40 meq (100 g)1 for the Ah, Eg and Btg horizons, respecti-
vely. The TEA values in the forest soils were considerably higher (3.39 meq
(100 g)™hy than those in the arable and meadow soils (1.96 and 1.93 meq (100 g)2,
respectively). The mean mobile Al contents of the tested soil samples were
11.02, 19.58 and 28.33 mg Al (100 g)! for the Ah, Eg and B4tg horizons,
respectively. According to the pH and TEA values, mobile Al was consi-
derably higher in the forest soils (a mean value of 26.08 mg Al (100 g)1)
than in the arable and meadow soils (mean values of 16.85 and 16.00 mg Al
(100 @)1, respectively). The Eg and Bjtg horizons of the forest soil had
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834 DPALOVIC etal.

especially high mobile Al contents (mean values of 28.50 and 32.95 mg Al
(100 g)1, respectively). High levels of mobile Al were especially frequent in
the forest soils, with 35 (Ah), 85.0 (Eg) and 93.3 % (B4tg) of the tested
samples ranging above 10 mg Al (100 g)L.

Keywords: soil; acidity; aluminum; pseudogley.

INTRODUCTION

Soil acidity limits crop production on 3040 % of the world's arable land
and up to 60 % of the world’ s potentially arable land. There are several estimates
of the extent of acid soils in the world. Van Wambekel reported acid soils co-
vering 1,455 million ha, or about 11 % of the total global land surface, while Von
Uexkull and Mutert? estimated that acid soils (defined as soils with pH < 5.5 in
the top layer) covered 3,950 million ha, or around 30 % of global arable land,
with a growing trend. These results are in agreement with those of Eswaran et
al.3, who estimated that globally around 26 % of the total ice-free land is cons-
trained for crop production by soil acidity. Acid soils occur mainly in two global
belts. the northern belt, with a cold, humid temperate climate, and the southern
tropical belt, with warm and humid conditions.2

In Serbia, acid soils are widespread, accounting for over 60 % of the total
arable land. These are mostly lowland or hillside types of pseudogley or their
leached variants, acid vertisols, podzolic eutric cambisols, diluvia, brown or leached
brown soils of mountainous regions, which are rather poor in bases, medium to
heavily acid, with very poor texture and low organic content. These soils are
more or less ill suited for the cultivation of most cereal crops,4° Most acid soils
are located in Central Serbia and in Kosovo and Metohija. With the exception of
soils in major river valleys (formed on alluvia deposits) and soils formed on
calcareous, marine and lake sediments and limestones, nearly al regions of Cen-
tral Serbia have soilsthat are acid to some degree.®

The acidity of these soils, their high contents of H* and low contents of es-
sential plant nutrients, primarily P and Ca, are limiting factors for high and stable
yields of cultivated cereal crops. Apart from acidity, these soils are also often
characterized by high contents of toxic forms of Al, Fe and Mn, and by deficits
caused by leaching or decreased availability of P, Ca, Mg and some other micro-
nutrients, especially Mo, Zn and B.6-8

Aluminum (Al) toxicity is the primary factor that limits crop production on
strongly acidic soils. At soil pH values at or below 5, toxic forms of Al dissolve
into the soil solution, inhibiting root growth and function and thus reducing crop
yield. Minera soils contain large amounts of Al, most of which is locked in
aluminosilicates or Al oxides of the clay fraction and does not pose atoxicity ha
zard. Upon soil acidification, a fraction of this Al becomes soluble and poten-
tialy toxic to plants. Thus, acidic mineral soils are practically synonymous with

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS

@080

EW MG MO




PSEUDOGLEY SOILS IN CACAK-KRALJEVO BASIN 835

Al toxicity. Intensification of the process of solubilization of Al compounds is
connected with the degree of soil acidification caused by the washing out of al-
kaline metals ions (Nat*, K*, Ca2* and Mg2*) from the soil and a decrease in the
pH of the soil solutions. The determination of the content of available Al (ex-
changeable and in the soil solution) is essential for an evaluation of the risk of
plant production on acid soils, in which it can occur in concentrations toxic for
plants and microorganisms.®

The objective of this study was to test the pH value, exchangeable acidity
and mobile aluminum (Al) status in the profiles of pseudogley soils of the Ca-
c¢ak—Kraljevo Basin.

EXPERIMENTAL

General characteristics of the Cacak—Kraljevo Basin

Catak—Kraljevo Basin is located in western Serbia. It is a narrow belt approximately 70
km long in the NW—SE direction and 5 to 18 km wide. The Kablar, Ov¢ar, Troglav, Stolovi,
Gog, Suvabor, Vujno and Kotlenik Mountains border the basin in the SW and NE directions.
The pseudogley soils of this area (approximately 32,000 hectares situated mainly between 180
and 200 m above sea level) were formed on the diluvia—Holocene terrace of the Western
Morava River and its tributaries. The low productivity of these soils is, to a smaller or a
greater extent, the result of unfavorable physical and chemical properties over all the observed
parameters of these properties, starting from physiological depth, over texture, structure,
porosity to the air and water regime, i.e., from the amount of easily mobile Al ions and
exchangeable adsorbed base cations to the degree of base and H-ions saturation. It is characte-
rized with a basic profile structure of the A—Eg-Btg type, and with conditions that create a
transition horizon Eg/Btg, buried beneath the Btg (fossil) humus horizon of meadow soil .10
Based on the development of the physical and chemical properties in the pseudogley, eluvial
(Ah, Ahp and Eg) and alluvial (Btg) horizons could be distinguished. In addition, there are
significant differences between the varieties of forest, meadow and field pseudogley, espe-
cialy in the humus horizon.

Sampling and chemical analysis

A total of 102 soil pits were dug in 2009 at several locations around the Catak—Kraljevo
Basin. The tests encompassed 54 field, 28 meadow, and 20 forest soil profiles. Samples of soil
in the disturbed state were taken from the humus and Eg horizons (102 samples), from the
B4tg horizon in 39 field, 24 meadow and 15 forest soil profiles (a total of 78 samples) and
from the B,tg horizon in 14 field, 11 meadow, and 4 forest soil profiles (a total of 29 samp-
les). In the laboratory, the exchangeable acidity was determined in a1 M KCI soil solution
(pH 6.0) using a potentiometer with a glass electrode, as well as by the Sokolov Method, in
which the content of Al ionsin the extract is determined in addition to the total exchangeable
acidity (H* + AI3*). Exchangeable Al (Alk) and exchangeable acidity (meq (100 g)1) were
determined by extraction with 1 M KCI (1:2.5), shaken for 1 h and titration (the Sokolov
Method).11 For the evaluation of the Al3* in the extracts of 1 mol L1 KCI solution, 1:10 (v/v)
soil/solution ratio, the following procedures were used: titrimetric method (standard method).
Primarily, the exchangeable acidity (AI3* + H*;,) was determined by titrations of 25 mL KCl
extract with 0.025 mol L1 NaOH, using 1.0 g L1 phenolphthalein as an indicator (titration
from colorless to pink). Then, the concentration of mobile AI3* was obtained by back-titration
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836 DPALOVIC etal.

of the same KCl extract, previously used, after the acidification with a drop of HCl and
addition of 40 g L1 NaF, with 0.025 mol L-2 HCI (titration from pink to colorless).11

RESULTS AND DISCUSSION

Aluminum (Al) toxicity is considered as the main growth- and yield-limiting
factor on soils with pH below 5.0.12 Soil acidity is a serious agricultural problem
in many parts of the world, affecting as much as 40 % of the world's arable
land.13

Al toxicity is affected by many factors, such as pH, concentration of Al,
temperature, and concentrations of cations and anions in the culture solution. The
critical soil pH at which sufficient Al becomes soluble to be toxic is difficult to
predict because it depends on many other factors, including clay mineralogy, or-
ganic matter, other cations and anions and total salts.14.15 |n general, Al starts to
dissolve when the pHcj, is lower than 5.5, while below 4.5, there is a marked in-
crease in the extractable Al. The content of soluble Al ions in soils ranges from
1-33 ppm, but seldom exceeds 4 ppm. Increased concentrations of aluminum (for
many plant species as low as 1-2 ppm) inhibit root cell division and elongation,
resulting in poor root development, reduction of water and nutrient uptake, drought
susceptibility, and subsequently in a significant decrease in yield.16.17 Al inter-
feres with the uptake, transport and utilization of essential nutrients, including
Ca, Mg, K, P, Cu, Fe, Mn and Zn.18.19

The results of this study showed that the content of exchangeable Al in pseu-
dogleys is highly variable, depending on the locality and profile depth. Its dyna-
mics depends mostly on the soil pH (active, exchangeable or hydrolytic acidity).
The mean pH (1 mol L-1 KCI) of the tested soil profiles were 4.28, 3.90 and
3.80, for Ah, Eg and B1tg horizons, respectively. In addition, the pH of the forest
soil profiles was lower in comparison with the meadow and arable land profiles
(mean values of 4.06, 3.97 and 3.85, for arable land, meadow soil and forest soil,
respectively). Soil acidification was especially intensive in deep soil horizons
since 27 (Ah), 77 (Eg) and 87 % (B4tg) of the soil profiles had a pH below 4.0
(Tablel; Fig. 1).

Soil reaction is one of the best parameters for an estimation of the exchange-
able Al content. Al solubility increases at active soil acidities below 5.5. In ad-
dition to soil reaction, Al dynamics is also affected by other factors, especially
the soil organic matter content and composition. Acid cations in complexes or
chelates with organic matter are not readily exchangeable by normal exchange
reactions.20.21

The mean values of the total exchangeable acidity (TEA) in the tested soil
profiles were 1.55, 2.33 and 3.40 meq (100 g)-1, for the Ah, Eg and Bitg hori-
zons, respectively. However, it was considerably higher in the forest soils (mean
3.39 meq (100 g)1) than in the arable and meadow soils (means 1.96 and 1.93, res-
pectively). The deep horizons (Eg and B1tg) of the meadow and forest soil pro-
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PSEUDOGLEY SOILS IN CACAK-KRALJEVO BASIN 837

files had especially high TEA values. Especially high frequencies of high TEA va
lues (over 3.0 meq (100 g)—1) were found in the forest soil profiles (Table|; Fig. 2).

TABLE I. Distribution of pH (1 M KCI, in % of total), total exchangeable acidity (TEA as
sum of H* and AlI3*, in % of total) and mobile aluminum in soil profiles (in % of total); a =
arable land; m = meadow; f = forest

pH (1 M KCl) TEA Mobile Al

Horizon n pH Range

<40 4145 4651 >5 <10 12 23 >3.0<3.0 36 6-10 >10
Ah (a) 54 185 575 222 18 868 13.2 00 0.0 630 185 111 74
Ah (m) 28 20.8 75.0 4.2 00 852 148 00 00 644 178 7.1 107
Ah (f) 20 55.0 30.0 50 10.0 55.0 20.0 5.0 20.0 40.0 10.0 15.0 35.0
Ah (total) 102 26,5 56.1 143 31 80.0 150 1.0 4.0 588 163 108 14.1
Eg (a) 54 648 278 7.4 0.0 358 378 226 3.8 204 13.0 129 537
Eg (m) 28 91.7 83 0.0 0.0 18563.0 11.1 74 107 7.1 214 60.8
Eg () 20 90.0 10.0 0.0 0.0 10.0 20.0 30.0 40.0 0.0 150 0.0 85.0

Eg(tota) 102 765 194 41 00 26.0 41.0 21.0 120 13.7 118 128 617
Bitg(@ 39 769 205 26 00 243 189 243 325128 128 7.7 66.7
Bitg(m) 24 950 50 00 00 87 217392304 00 83 125 792
Bitg() 15 100 00 00 00 00 214286500 00 00 67 933
Bjtg (total) 78 869 118 13 00 14.8 203 296 353 64 90 89 757
Botg(tot) 29 90.2 66 32 00 14.8 27.6 365 21.1 00 142 135 72.3
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Fig. 1. Distribution of pH (1 M KCl) in the soil profiles.
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Fig. 2. Distribution of total exchangeable acidity (TEA) (sum of H* and AI3*)
in the soil profiles (meq (100 g) ! soil).

The mean mobile Al contents in the tested soil profiles were 11.02, 19.58
and 28.33 mg Al (100 g)~1 for the Ah, Eg and B1tg horizons, respectively. In ac-
cordance with soil pH and TEA, the mobile Al in the forest soils was consi-
derably higher (mean 26.08 mg Al (100 g)~21) than in arable and meadows soils
(means 16.85 and 16.00 mg Al (100 g)1, respectively). The Eg and B1tg hori-
zons of the forest soil profiles had especially high mobile Al contents (means
28.50 and 32.95 mg Al (100 g)1, respectively). The frequency of high levels of
mobile Al was especialy high in the forest soils since 35 (Ah), 85.0 (Eg) and
93.3 % (B1tg) of the tested profiles were in the range above 10 mg Al (100 g)—1
(Tablel, Fig. 3).

High contents of mobile aluminum in pseudogley soil were also observed by
Osaki et al.,22 Abreu et al.23 and MI&dkové et al .24

Increased TEA values are characteristic for soils in which acidification pro-
cesses are rather far advanced, the reaction of their soil solutions being fairly
acidic, with pH values lower than 5.0. This is typical of the pseudogley in the
Catak—Kraljevo Basin, the most widely distributed soil type in the location. As,
for the same TEA value, an increased concentration of Al ionsis much more dan-
gerous for plants than H* at the same concentration, plantsincreasingly suffer if a
high share of Al ionsis present in the soil. Already at 6-10 mg (100 g)~2 of read-
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PSEUDOGLEY SOILS IN CACAK-KRALJEVO BASIN 839

ily mobile Al in the soil, plant growth is retarded to a greater or lesser extent de-
pending on the crop in question.2> High TEA values created predominantly by Al
ions is one of the most important causes for the low productivity of the pseudo-
gley in the studied basin, where average yields of cultivated plants, despite the
application of fertilizers and different agrotechnical measures, are low and vary
greatly in dependence on the weather conditions of the year.
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Fig. 3. Distribution of mobile aluminum in the soil profiles (meq (100 g)! soil).

The sources of the available Al (in the soil solution and exchangeable Al) are
the auminum contained in aluminosilicates, amorphous and crystalline Al
oxides, organically bound Al, Al in interlayers of three-layered minerals, etc. The
content of these forms in stagnosols depends on the parent rock composition, the
intensity of the processes of clay leaching and other colloids, the weathering pro-
cess, organic matter content and other soil characteristics.26

In studies of different soil types, many researchers concluded that the con-
tent of Al oxides is not proportional to the content of exchangeable Al.2728 The
form of the Al plays a decisive role in its potential bioavailability and toxicity.
The toxicity of aluminum to plants qualitatively decreases in the order: Alq3 (not
in the form of phosphates or silicates), Al3*, Al(OH)2+ and AI(OH),*. Aluminum
bound in fluoride or organic complexes and Al(OH)3 are supposed to be non-
toxic.29 The complexation of Al by natural organic substances is of considerable
significance in regulating the concentrations of the highly toxic Al3* in acid soils
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and natural waters.30 The distribution of toxic Al3* is particularly affected by the
contents of humic and fulvic acids in the surface soil horizons. Aluminum com-
plexes with both types of acids decrease the toxic impact of Al3* by decreasing
its bioavailability and activity in the soil solution.31.32

The investigations of stagnosols from Serbia showed that the content of ex-
changeable Al increased significantly with increasing contents of less available
Al forms, Alcy, AlepTa and Algit, but the correlation with amorphous Al was
low.26 These findings were explained with possibility of EDTA and CuCl5 to ex-
tract the organic Al, Al in interlayers of three-layered minerals and other Al
forms comprised in the amorphous Al. The results of the present study indicate
that further research on the mobility of Al reservesin different types of acid soils
isrequired.

Limeiswidely known as the most effective means for correcting soil acidity.
The direct effect of soil amendment through lime is a change in the soil pH. Its
application usually results in significant reduction of exchangeable Al, alowing
for a more efficient uptake of N and P.33 Osei34 studied the effects of different
lime application rates and time of application on some chemical properties of an
acid soil. Significant increase in pH (> 28 %) was obtained at all soil sampling
depths. Available P also increased significantly (> 90 %). Exchangeable Al was
completely eliminated when most of the soil samples had pH > 5.0. The results
clearly indicated that liming as a management practice, could be used to alleviate
or prevent acidification of pseudogley soil.

Strategies to overcome the negative effects of Al on plant growth in these
soils include the application of lime to raise the soil pH and lower the soil
exchangeable Al, and the use of crop species that are resistant to Al-toxic soils.
The incorporation of lime fertilizers alleviates soil acidity, provides calcium to
plants, increases the amount of plant available phosphorus, provides mineraiza-
tion of organic and harvest residues, and decreases the amount of toxic sub-
stances and heavy metals in the soil. Chemical amendment (melioration) of acid
soils (soil adaptation to the plant) and the breeding and selection of tolerant
genotypes (plant adaptation to the soil) are two complementary possibilities to
alleviate the problems related to increasing the productivity of acid soils.3°

CONCLUSIONS

Aluminum (Al) toxicity is considered as the main growth- and yield-limiting
factor on soils with pH below 5.0. The obtained results showed variability of the
soil properties among the examined sites, and the deeper soil horizons have
higher contents of mobile Al. The mean mobile Al contents of the tested soil
samples were 11.02, 19.58 and 28.33 mg Al 100 g2 for the Ah, Eg and B1tg ho-
rizons, respectively. It was found that increasing TEA and lower pH significantly
contributed to an increase in Al toxicity. The mobile Al was significantly higher
in the pseudogley of forest soils (26.08 mg Al (100 g)-1) than in the arable and
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PSEUDOGLEY SOILS IN CACAK-KRALJEVO BASIN 841

meadow soils (16.85 and 16.00 mg Al (100 g)-1, respectively). To explain fully
the role and toxicity of Al in soil productivity, the TEA, pH, Ca and soil organic
matter must be controlled. Finaly, to prevent manifestation of Al toxicity on
plants growing in pseudogley and similar acid soils, it is necessary to conduct
preliminary soil analyses, particularly of the deeper soil horizons. Chemical
amendment (melioration) of acid soils (soil adaptation to the plant) and the
breeding and selection of tolerant genotypes (plant adaptation to the soil) are two
complementary possibilities for solving the problems related to increasing the
productivity of acid soils.
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U3BOJ

KHCEJIOCT U CAZIPXKAJ ITIOKPETJBUBOI" AIYMUHNIYMA 'V IICEY IOI'JIEJHUM
S3EMJBUILITUMA YAYAHCKO-KPAJBEBAYKE KOTJIMHE

UBHLIA T. BAJIOBUR, BOPBE C.JOLIKOBUR', TOPAH J. AVT AJIR?, TOPAH ®. BEKABALL', BOJXAHA [TYPAP?,
CPBAH U. LUEPEMELINE® 1t MUIAH B. JOLIKOBUR"

! Hnuciauiniyin 3a paitiapciueo u iiospiapciiso, Maxcuma Fopxoz 30, 21000, Hosu Cao, A ZpOHOMCKU pakyaltielt,
Yuueepsuiteii y Kpazyjesuy, Llapa [lywana 34, 32000, Yauax u ‘gﬂomoﬁpltepebuu akyaitieid,
Ynueepauiteii y Hosom Caoy, Jocuitieja Obpadosuha 8, 21000, Hosu Cad

Kucenoct 3emsbHImTa M TOKCHYHOCT aTyMHHHjyMa C€ CMaTpajy HajBaKHHjUM (pakTopuma
KOjH OrpaHH4aBajy pacT Omsbaka Ha KHCENINM 3€MJBUINTHMA. Y OBOM pajy cy ucrnutuBanu pH
BPEIHOCT 3eMJBUILTA U CajpXkKaj OKpeTsbuBor anymuaujyma (Al) y mpoduinma semipuinTa neey-
norieja Yagancko—kpaspeBauke KoTiauHe. YKynmHO 102 3emspHinHa mpoduia cy OTBOpEHAa TOKOM
2009. roquHe Ha MOjeANHMM JIOKaIHTeTHMa YauaHCKO—KpasbeBauke KOTIHHe. VcTpaxuBamuMma je
obyxBaheno 54 y3opka ca opanuna, 28 ca nmuBazna u 20 y3opaka n3 npoguia Koju ¢y OTBOPEHH IO
IOIyMCKOM BereTanyjoM. 113 oTBOpeHHX mpodmuia, y3eTH Cy Y30pLH 3eMJBHINTA y IopeMmehenoM
craiy u3 Ah u EQ xopusonra (102 npoduna), a 3atum u3 Btg xopusonra ca 39 opanuia, 24
nmuBage U 15 mymckux npoduna (ykynHo 78) u u3 Botg xopusonta 14 opanuua, 11 nuBana u 4
mymcka npoduna (ykynso 29). Ipoceuna pH Bpexxoct (1 M KCl) ucnuTuBaHMX 3eMIBHIIHHX
npoduna je 4,28, 3,90 u 3,80, 3a Ah, Eg u B4tg xopusonre. Takohe, pH BpenHocT 3emibuiiTa
LIyMCKUX Hpoduiia je Hka y nopehemy ca nuBagama u obpaaueum 3emubumreM (4,06, 3,97 u
3,85, 3a 06paiBo 3eMIBUIIITE, TMBAJIE U IIyMe). 3EMJbHUIIHA KHCEIIOCT je MOCeOHO U3pakeHa y 1y0-
JbUM XOpH30HTHMA, jep 27 (Ah), 77 (EQ) u 87 % (B1tQ) 3emsbuuinux npoduna umajy pH BperHocT
Ky ox 4,0. Cpenma ykynHa pasmeHsbuBa kucenoct (TEA) McnuTuBaHMX 3eMIBHIIHUX Ipoduiia
je 1,55, 2,33 u 3,40 meq (100 @)1, y Ah, Eg u B4tg xopusontuma. MebyTuM, KO IIyMCKHM
semspumTMa TEA je 3uaTHO Buma (mpoceuro 3,39 meq (100 g)™1) mero kxox o6paauBor 3emsbuILTa
u nuBana (1,96 u 1,93). Ilpoceuan caapxaj HOKpeT/bUBOr Al y MCIUTHBaHUM 3EMJBUINTHMA j€
11,02, 19,58 u 28,33 mg Al (100 )1, y Ah, Eg u B4tg xopusouTuma. Yenen pasmuka y pH u TEA
BPEIHOCTHMA HETOB CaApXkKaj y LIyMCKMM 3eMJBUIITUMA je 3HAaTHO BHLIK (mpoceyno 26,08 mg Al
(100 g)')) mero xon o6panuBor 3embumiTa 1 nuBana (16,85 u 16,00 Al (100 g)'1). Eg u Bqtg xo-
PH30HTH IIYMCKOTI 3¢MJBHIITA UMajy TOceGHO BUCOK canpikaj mokpersbuor Al (28,50 u 32,95 mg
Al (100 g)}). Vuecranocr Bucokor HMBOa MOKpeTsbUBOr Al y IIyMCKHM 3eMIBHINTHMA IIOCTOjH
360r tora mwro 35 (Ah), 85.0 (Eg) u 93.3 % (B;tg) ucnuruBanux npodmuia nocenyjy ume ox 10
mg Al (100 g) L.

(IMpumsbeno 29. jyna, pepuaupano 2. HoBemOpa 2011)
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