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Abstract: Some important chemical properties of various samples of two types of acid
soil from Western Serbia (pseudogley and brown forest) are presented in this paper. Mo-
bile Al was found in elevated and toxic quantities (10–30 mg/100 g) in the more acid
samples of pseudogley soil. All samples of brown forest soil were very acid and the
quantities of mobile Al were in the range from 12.8 to 90.0 mg/100 g. In a selected num-
ber of pseudogley soils, the influence of pH and other soil properties on the mineraliza-
tion and nitrification processes was investigated. Strong inhibition of nitrification at low
soil pH was found to be related to high quantities of mobile Al. At pH values less than
4.0 (in 1 M KCl), processes of chemical nitrification and denitrification of applied ni-
trites were registered in the pseudogley soils.

Keywords: mobile Al, mineralization, chemical nitrification denitrification.

INTRODUCTION

Acid soils occupy a considerable area of Serbia and investigations of their prop-

erties are nowadays of great interest. The increase of the area under acid soils is,

among other things, due to the fact that pure chemical compounds are used as NPK

fertilizers, as well as to pollution with acid gases from the atmosphere.1 Hence, prob-

lems of using acid soils for plant production are becoming more pronounced and the

necessity for improving their chemical (and other) properties is more evident.

The basic problems concerning chemical properties of more acid soils are, be-

sides acidity itself, the presence of toxic compounds and elements, such as soluble

forms of Al, Fe and Mn, nitrites and various toxic organic acids.

In acid soils with pH below 5.5 (in water), the content of mobile Al is rather

high. Simultaneously, there is an increase in the uptake of this element by plants

which cause damage to roots and a decrease in the uptake of other nutrient ele-

ments. This is easily noticed in the case of phosphorus, when plant leaves have a

visible red colour.2–4
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The toxicity of Al in acid soils is very often connected with increased levels of

soluble Fe and Mn, which can be toxic to plants when present in large amouns.5

In soils having higher acidity, nitrogen transformation processes occur in a

specific manner in comparison with other soils. Retardation of the nitrification

process is particularly emphasised and this can lead to increase in the amounts of

toxic nitrites.6 On the other hand, chemical denitrification of produced nitrites oc-

curs, when one part of the nitrogen is lost in the form of gases.7,8

Besides, the occurence of toxic elements in more acid soils, the solubility of

microelements is increased and this leads to their movement into deeper soil layers

and increased uptake by plants. As a consequence of this effect, deficiency of some

microelements, especially of boron and zinc, occurs in such soils.

In this paper, the appearance of toxic amounts of aluminium in pseudogley and

brown forest soils, as well as its relationship with some basic chemical properties

of these soils, was investigated with the aim of evaluating the influence of acidity

and mobile Al on the processes of mineralization and nitrification. These processes

are the source of available N in a soil. The significance of such an investigation lies

in the fact that both processes are reduced in conditions of high soil acidity. Special

attention was paid to the processes of chemical nitrification and denitrification in

the samples with higher acidity.

EXPERIMENTAL

A considerable number of samples of the two acid soils from Western Serbia (25 samples of

pseudogley � [abac, Loznica, Valjevo and 17 samples of brown forest soil � Loznica) was investi-

gated in this work. Fifty samples of pseudogley were collected, whereby 25 of them were been se-

lected for further investigation, in order to cover a wide range of pH (3.65 to 5.75). Sampling was

carried out from a depth 0 to 20 cm.

The following chemical properties were determined: pH, mobile Al, humus, nitrogen (total

and available forms), sum of basic cations and hydrolytic acidity.

The pH value was determined by pH meter Iskra using a glass (indicator) and a calomel (refer-

ence) electrode in suspensions: soil: water = 1:2.5 and soil: 1 M KCl = 1:2.5.

For the determination of the mobile Al, the soil was shaken with 1 M KCl (1 h, room tempera-

ture) and filtered (Whatman No. 40). A suitable aliquot was titrated with 0.01 M NaOH using

phenolphthalein as the indicator for the determination of the total exchangeable acidity (H+, Al3+).

In a second aliquot, the acidity from H+-ions was determined by the same titration, after precipita-

tion of the Al3+ -ions with 3.5 % NaF, by the equation:

AlCl3 + 6NaF �

Na Al3 6

�

+ 3NaCl

The quantity of mobile Al was calculated as the difference between the first and second titra-

tion. The NaOH solution was standardized by pure Na2CO3.

The humus content was determined volumetrically after redox reaction with excess 0.07 M

K2Cr2O7. The K2Cr2O7 remaining after the oxidation of the organic C was determined by another

redox reaction with 0.1 M (NH4)2Fe(SO4)2 using phenilanthranilic acid as the indicator. The

K2Cr2O7 was standardized volumetrically with KMnO4, the molarity of which had been determined

using pure oxalic acid as the standard substance.
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The determination the total N involves two steps: (1) degistion of the sample to convert or-

ganic N to NH4
+ – N and (2) determination of the NH4

+ – N in the digest. Digestion was performed

by heating (380 oC) the soil samples with H2 SO4 p.a. NH4
+–N in the digest is determined by collec-

tion of NH3 liberated by distillation of digest alkali and analysis of the distillate for NH4
+ – N by

titremetric procedure with 0.05 M H2SO4, standardized by NaOH.

Determination of available N (NH4
+, NO3

-) was performed by steam distillation method10 of 2

M KCl soil exctract. This distillation method uses MgO as the alkali reagent and Devarda alloy as

the reductant of NO3
- – N to NH4

+. Analysis of the distillate for NH4
+ – N was performed by a

titrimetric procedure with 0.0025 M H2SO4.

The sum of the exchangable basic cations was determined after the soil samples had been mixed with

an excess of 1 M NH4OAc. The remaining NH4
+ – N was determined by the distillation procedure de-

scribed for the determination of the available N, and the sum of exchangeable basic cations was calculated.

For the determination of the hydrolytic acidity, soil samples were treated with 1 M NaOAc (pH

8.2) for 1 h, at room temperature. The formed HOAc was neutralized by a titrimetric procedure with

0.1 M NaOH.

The methods used for the determination of these properties are described in detail in the labo-

ratory manual of soil and water chemistry.9

With aim of investigating the process of mineralization and nitrification of soil a nitrogen incu-

bation experiment was performed with 17 samples of pseudogley soil whereby 10 g of each soil and

3 ml of water were placed in glass jars, which were closed with plastic foil and thermostated at 30 oC

for 4 weeks. The content of available forms of nitrogen was determined before and after incubation

by extracton with 2 M KCl employing the distilation method according to Bremner.10

With the aim of determining the influence of acidity on the chemical nitrification and

denitrification processes, an experiment with 3 samples of pseudogley was carried out according to

the previously described procedure but with the following differences. Nitrite nitrogen (100 ppm)

was added together with water in the form of a NaNO2 solution and the incubation lasted for 0, 1, 3,

5 and 7 days. The temperature was kept at +1oC in order to prevent the occurrence of biological pro-

cesses, especially nitrification and denitrification, in the incubated samples. Before and after incu-

bation, the mixture was extracted with 2 M KCl solution and the available forms of nitrogen (NH4
+,

NO3
� and NO2) were determined by means of the distillation method.

RESULTS AND DISCUSSION

Chemical characteristics of the examined pseudogley and brown forest soils

are presented in Tables I and II, respectively.

The results of the investigation of the content of mobile Al in the samples of

pseudogley and brown forest soil, as well as the relationship between the content of

this element and some basic chemical properties of the corresponding soils, are

presented in the first part of this paper. The results are, due to their abundance, ex-

pressed in the form of minimum and maximum values (Table III) of the investi-

gated chemical properties and the degree of their relationship with mobile alu-

minium is expressed in the form of correlation coefficients.

The content of mobile Al in the investigated samples of pseudogley soils lies

within a very wide range, from 0.0 to 38.7 mg/100 g of soil. Toxic quantities of mo-

bile Al (>10 mg/100 g) occur at pH values of 5.0 (in water) and 4.0 (in 1 M KCl).

Hence, it is necessary to determine by chemical analysiss the mobile Al in soils hav-

ing similar acidity. By undertaking adequate agrotechnical measures (liming), these

toxic quantities should be brought to levels which do not cause damage to plants.
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On the basis, of the obtained values for the correlation coefficients (Table III) a

strong dependence of the determined quantities of mobile Al on the degree of

pseudogley acidity, as well as on the composition of the soil exchangers can be seen.

TABLE I. Chemical properties of the examined pseudogley soils

Sample No. Mobile Al/(mg/100 g)
pH H S T

V/%
1 M KCl H2O (meq/100 g)

1 25.4 3.65 4.80 7.79 11.08 18.87 58.7

2 18.2 3.70 4.80 6.92 6.72 13.64 49.3

3 18.9 3.70 4.70 8.66 5.92 14.58 40.6

4 14.0 3.70 4.90 6.06 13.08 19.14 72.1

5 18.7 3.75 4.60 8.20 9.52 17.74 53.7

6 13.3 3.75 5.20 5.19 13.84 19.03 72.7

7 16.4 3.80 4.70 7.36 11.48 18.84 60.9

8 19.8 3.80 4.60 8.66 7.92 16.58 47.8

9 23.4 3.80 4.25 11.6 8.32 20.1 41.2

10 11.9 3.80 4.40 9.09 11.08 20.17 54.9

11 12.4 3.80 4.40 6.92 6.32 13.24 47.7

12 20.7 3.85 4.40 10.82 7.12 17.94 39.7

13 38.7 3.85 4.85 6.06 7.12 13.18 54.0

14 9.0 3.90 5.00 6.49 13.08 19.57 66.8

15 8.1 3.90 5.20 4.33 10.68 15.01 71.2

16 13.7 3.90 4.70 6.92 7.52 14.44 52.1

17 0.7 4.15 6.50 2.59 16.24 18.83 86.2

18 1.8 4.20 5.20 4.3 – – –

19 2.25 4.25 5.25 3.46 13.84 17.3 80.0

20 1.08 4.40 5.40 4.33 18.2 22.53 80.8

21 0.50 4.55 5.60 3.46 17.4 20.86 83.4

22 1.35 4.80 5.80 3.00 19.8 22.8 86.7

23 1.35 4.90 6.00 3.46 19.4 22.86 84.9

24 1.35 5.30 6.40 2.60 26.9 29.5 91.2

25 • 5.75 6.90 1.70 21.76 23.49 92.6

•Below the detection limit of 0.1 mg/100 g; H � hydrolytic acidity; S � sum of the basic cations; T �

cation exchange capacity (S + H); V � degree of base saturation of the soil (S.100/T)
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TABLE II. Chemical properties of the examined brown forest soils

Sample No. Mobile Al/( mg/100 g)
pH H S T

V/%
1 M KCl H2O (meq/100 g)

1 75.6 3.25 3.70 – – – –

2 68.8 3.30 3.80 31.61 0 31.61 0

3 28.7 3.35 4.00 13.20 9.52 22.72 41.9

4 19.0 3.55 4.15 – – – –

5 90.0 3.55 4.40 16.45 7.12 19.60 30.2

6 32.6 3.60 4.40 12.12 7.48 18.87 38.2

7 82.6 3.70 4.40 15.58 5.56 21.14 26.3

8 12.8 3.70 4.05 12.99 4.76 17.75 26.8

9 46.8 3.70 4.35 11.25 5.48 16.73 32.8

10 18.6 3.75 4.60 8.66 7.92 16.58 47.8

11 23.8 3.75 4.60 69.92 4.76 11.68 40.8

12 45.2 3.85 4.25 12.12 5.12 17.24 29.7

13 39.8 3.90 4.40 9.62 5.88 15.40 38.2

14 41.8 3.95 4.30 15.58 1.60 17.18 9.3

15 29.7 4.00 4.40 8.66 3.92 12.58 31.2

16 14.6 4.00 4.50 4.33 5.12 9.45 54.2

17 18.0 4.00 4.40 19.05 2.36 21.41 11.0

TABLE III. Correlation coefficients between the amounts of mobile Al and the chemical properties

of the soil

Number of samples
Mobile

Al/(mg/100 g)

pH H S T
V/%

Water 1 M KCl (meq/100 g)

Pseudogley soils

25
• to
38.7

4.25 to
6.90

3.65 to
5.75

1.70 to
11.66

5.92 to
26.9

13.18 to
29.5

39.7 to
92.6

Correlation coeffi-
cients Al-soil proper-

ties
– – 0.71** – 0.68** 0.85** – 0.77** – 0.60** – 0.80**

Brown forest soil

17
12.8

to 90.0
3.70 to
4.60

3.25 to
4.00

4.33 to
31.61

1.60 to
9.52

9.45 to
31.61

9.30 to
54.20

Correlation coeffi-
cients Al-soil proper-

ties
– NS NS 0.52* NS NS NS

*Statistically significant at the 0.05 probability level; **statistically significant at the 0.01 probabil-

ity level; NS not statisticaly significant; • below the detection limit 0.1 mg/100 g
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All the samples of the brown forest soil had high acidity with pH values below

4.6 (in water) and 4.0 (in 1 M KCl). It is understandable why toxic values for the

content of mobile Al (usually above 20 mg/100 g) were found in all samples. Un-

der these conditions the relatiionship between the content of mobile Al and the

other chemical properties were not very expressed.

Toxic amounts of mobile Al were found in half of the investigated samples of

the pseudogley soil and in all samples of the brown forest soil. From this fact it can

be seen how important this problem is, especially for arable areas under pseudo-

gley soils, where liming has to be performed. The toxic effect of Al on plants is

connected with disturbances in their metabolism and with a reduced uptake of

many nutrient elements. Since ligher quantities of Al occur only in soils having

higher acidity, its toxicity is very often connected with a deficiency of some nutri-

ent elements, such as Mg, B, Zn and others, in the soil. For this reason, when liming

such soils, care must be taken not to inactivate the already small amounts of B and

Zn or to a cause magnesium deficiency by increasing the ratio of Ca to Mg. In con-

nection with this fact, partial neutralization of soil acidity (1/4 of the value required

for total neutralization) is very often performed and where it is necessary, dolomite

is applied instead of lime. Since the investigated pseudogley soils generally con-

tained less than 2 % of humus, it is useful to apply farmyard manure and other

organic fertilizers in combination with liming and other ameliorative measures.

The results of the investigation of the influence of acidity and other chemical

properties of pseudogley soils on the nitrogen mineralization process are presented in

Table IV. As pseudogley is an arable soil, the investigation of mineralization and nitri-

fication is significant regarding the availability of soil N. The second investigated soil

type (brown forest soil) is not arable soil. In addition, the pH of the samples was very

low, so that nitrification had ceased while mineralization was very reduced. For these

reasons, mineralization and nitrification were not evaluated in the samples of brown

forest soil. Pseudogley soil samples were incubated under optimal moisture and tem-

perature conditions for a period of 4 weeks. The obtained results on the mineralized

soil nitrogen can be best explained through correlation coefficients.

In the investigated soil samples, ammonification did not depend on any of the

chemical properties of the pseudogley soils. This was to be expected, since the mi-

croorganisms responsible for ammonification (bacteria, fungi, actinomycetes)

have a high tolerance to soil pH11. In the samples having a higher acidity, mineral-

ization ceased with the formation of ammonium � N, and as the acidity decreased,

according to the obtained correlation coefficients (Table IV), nitrification occurs.

Under conditions of high soil acidity, the amount of nitrates produced by biological

nitrification decreased and the process of nitrification mostly ceased after the

formation of nitrites.

A negative influence of mobile Al on the nitrification process was also found

which is in very close relationship with the degree of soil acidity.12 Although it can
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be considered that higher quantities of Al express, by themselves, toxic effect on

the microorganisms which perform nitrification, this phenomenon could be cone-

cted with the accumulation of toxic quantities of nitrites. This is due to the inhibi-

tion of the second phase of nitrification by means of mobile Al. In addition, under

conditions of reduced nitrification in a soil, the amounts of ammonium – N are

higher, especially when ammonium fertilizers had been applied, the uptake of

which by plants leads to a more expressed toxicity effect of mobile Al. This is due

to the greater uptake of cations in relation to anions, so that a greater release of

H+-ions from plant occurs, leading to a decrease of the pH in the rhizosphere.

The results on the processes of chemical nitrification and denitrification in

more acid samples of pseudogley soil are presented in Fig. 1.

The results presented in Fig. 1 show that at pH values below 4.0 in 1 M KCl

chemical nitrification of the applied nitrites certainly occurred rapidly in the inves-

tigated samples of pseudogley. At pH values above 5.0 (in 1 M KCl), the applied

nitrites practically underwent no change. Additionaly, an apparent deficit in the

balance of the available forms of nitrogen was found in most acid samples after

only one day of incubation. As nitrites and nitrates do not bond to soil particles, and

as biological processes are practically halted at the low incubation temperature,

this loss could only be explained by chemical denitrification of the applied nitrites

to gaseous products (N2O, N2, NO).13

Losses of nitrites, whether added or produced in the soil, in the conditions of inhib-

ited biological activity, might occur by the following chemical reactions: 1. Decomposi-
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Fig. 1. Processes of nitrification and denitrifica-
tion in representative pseudogley soils.



tion of nitrous acid (3 HNO2 � 2NO + HNO3 + H2O); 2. Reaction of nitrites with or-

ganic soil constituents (phenolic compounds), with formation of N2O, N2 and NO; 3.

chemical decomposition of hydroxylamine (2MnO2 + 2NH2OH � 2MnO + N2O +

3H2O); reaction of nitrite with hidroxyl amine (NH2OH + HNO2 � N2O + 2H2O).12

These phenomena could explain why nitrites are not usually found in soils

having higher acidity, which is, bearing in mind their toxicity, desirable. Toxic

quantities of nitrites could be expected in pseudogley soils having somewhat lower

acidity (above 4.0 in 1 M KCl). However, due to the process of chemical denitri-

fication, considerable losses of nitrogen in the form of gases are possible in

pseudogley soils having higher acidity.

CONCLUSIONS

On the basis of the obtained results, it is possible to draw the following

concslusions:

1.Toxic amounts of mobile Al were found in a large number of samples of

pseudogley and brown forest soil. The amounts were in close relationship with the

acidity of these soils, increasing with increasing acidity.

2. Higher acidity and higher content of mobile aluminium in the samples of

pseudogley soils exerted a negative influence on the nitrification process.

3. Processes of chemical nitrification and denitrification of added nitrites were

registered in the most acid samples of pseudogley soils.

I Z V O D

NEKA NEGATIVNA SVOJSTVA KISELIH ZEMQI[TA

MIODRAG JAKOVQEVI], MIRJANA KRESOVI], SR\AN BLAGOJEVI] i SVETLANA

ANTI]-MLADENOVI]

Poqoprivredni fakultet Univerziteta u Beogradu, Nemawina 6, 11081 Beograd-Zemun

Istra`ivawa su obavqena na dva tipa zemqi{ta Zapadne Srbije (pseudoglej i sme|e

{umsko zemqi{te). Oba ispitivana zemqi{ta karakteri{e niska pH vrednost. Kod svih

uzoraka sme|eg {umskog zemqi{ta utvr|ene su toksi~ne koli~ine mobilnog Al za biqke

i za mikroorganizme, a kod pseudoglejnog zemqi{ta toksi~ne koli~ine Al su utvr|ene

samo za neke uzorke. Na proces nitrifikacije, koji je pra}en u odabranim uzorcima

pseudogleja, direktno su delovali niska pH vrednost (kiselost) i visok sadr`aj mobilnog

aluminijuma. Dodavawem NaNO2 utvr|eno je odvijawe procesa hemijske nitrifikacije i

denitrfikacije u pseudoglejnom zemqi{tu pri pH mawem od 4,0 u 1 M KCl.

(Primqeno 23. juna, revidirano 14. septembra 2004)
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