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In order to estimate the aggregate composition of carbonate 

loamy chernozems on the loess of South Banat, utilized as cultivated and 

pasture, fractionation was performed of individual categories of structural 

aggregates according to their size and  also the determination of structure 

coefficient, mean weight diameter and geometric mean diameter of the dry 

structural aggregates.  

Laboratory analyses  involved soil samples of the humus, i.e. 

arable (0-20-30 cm) and subarable horizons (20-40 and 40-60 cm) from 

24 profiles of cultivated land and the samples of surface (0-20-30 cm) and 

subsurface layers (20-40 and 40-60 cm) of the humus horizons of 4 

pasture profiles.  

The results of the investigations showed that beside favourable, 

mainly crumby-beady structure there appeared also significant differences 

in aggregate composition, both between various profiles, in dependence 
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on the utilization mode of the soil, and between various depth zones of the 

humus horizon.  

The content of agronomically most valuable aggregates fraction 

(0.25–10 mm) in all depth zones of the humus horizon of the investigated 

profiles is 60%, which is, according to the classification by ŠEIN et al. 

(2001), a characteristic of good-structured soil.  

According to the values of structure coefficient and the 

mentioned classification, the cultivated soil profiles (1.5-2.42) show good, 

and those from pasture (1.15-1.70) satisfactory structure. In cultivated soil 

profiles, mean weight diameter and geometric mean diameter of the dry 

aggregates is significantly higher than in those from the pasture, and when 

they are larger, the structure of the soil is better and vice versa. 

Key words: chernozem, aggregate composition, agronomically 

most valuable fraction, mean weight diameter, geometric mean diameter, 

cultivated soil, pasture 

INTRODUCTION 

Aggregate composition is one of the most important soil physical 

characteristics and it depends on the conditions of the soil formation and on the 

application of various agro-technical and ameliorative measures. The main 

functional characteristics of soil as an environmental component and also as an 

object of technologic influences are determined to a high degree by aggregate 

composition. 

Investigation of aggregate composition under the conditions of intensive 

cultivation is necessary, according to BONDAREV and KUZNJECOV (1973), especially 

in the cases of application of heavy agricultural machines, intensified soil erosion, 

application of irrigation and other agro-technical and ameliorative measures.  

Estimation of soil structural characteristics is necessary both for 

characterization of soil-physical conditions of plant life, and for scientific 

explanation of the consequences of agro-technical and ameliorative measures. It is 

especially necessary for directed regulation of physical characteristics within 

intensive systems of soil cultivation  (KUZNJECOVA, 1979).  

For that reason KUZNJECOVa (1979) considers soil structure condition as 

one of  the most important physical conditions of the fertility of soils with medium 

and heavy  textural composition.  

According to the data cited by VERSININ et al. (1959) and SOROCKIN  

(1991), beside the size and form of macroaggregates, for an agronomic estimation 

of soil structure, composition, mechanical hardness, water resistance and porosity 

of the macroaggregates are very important. Good soil structure for crop growth 

dependes on the presence of aggregates between 1 to 10 mm diameter (AMEZQUITA 

et al., 1998), i.e. of the proportion the agronomically most valuable fraction (0.25–

10 mm) (MEDVEDEV and CYBULKo, 1995).  

Aggregate composition of carbonate chernozems of South Banat is poorly 

investigated, according to the available literature.  
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So, the present study gives an agronomic estimation of the aggregate 

composition of the humus horizon of South Banat carbonate chernozems in 

dependence of the mode of their utilization in agricultural production 

MATERIALS AND METHODS 

The investigated area lies between 4520' and 4450' north geographic 

latitude and 2030' and 2110' east geographic longitude. 

The investigation included the profiles of South Banat carbonate 

chernozem  that belong to the collection of M. ŽIVKOVIĆ, and  had been collected by 

M. ŽIVKOVIĆ, N. PAVIĆEVIĆ and B. PEJOVIĆ. Determination of some most important 

chemical characteristics (CaCO3 content, humus content and pH value in water) 

had been performed by M. ŽIVKOVIĆ, while the determination of aggregate 

composition was performed by M. ŽIVKOVIĆ and B.GAJIĆ.  

For the determination of macroaggregate composition in laboratory, soil 

samples were used originating from arable (0-20 cm) and subarable horizons (20-

40 and 40-60 cm) and from 24 cultivated soil profiles, as well as samples from 

surface (0-20 cm) and subsurface (20-40 and 40-60 cm) layers of the humus 

horizons from 4 pasture profiles of carbonate chernozem (28 profiles in all, with 84 

soil samples). Four cultivated soil profiles were deeply ploughed (60-80 cm).  

Macroaggregate composition of the investigated soils  was determined by 

dry sieving, according to Savinov (BOŠNJAK, 1997).  

Structure coefficient (Ks) was calculated as the ratio between the content 

of crumby and beady, agronomically most valuable structural aggregates, with the 

diameter 10-0.25 mm, and the sum of very fine – powdery (0.25 mm) and  cloddy 

(10 mm) aggregates separated by dry sieving (ŠEIN et al., 2001). Mean weight 

diameter (MWD) and mean geometric diameter (MGD) of the structural aggregates 

were determined by calculation (HILLEL, 2004). The results of the determination of 

aggregate composition were tested by the methods of variation statistics.  

 

 

RESULTS AND DISCUSSION 

 

Before proceeding with the results of the determination of aggregate 

composition of the investigated soils, there is presented a short review of their most 

important physical and chemical characteristics.  

According the their textural composition, the investigated chernozems 

belong to medium and heavy loams, with the ratio of physical clay fraction 

(particles with the diameter <0.01 mm) between 32.67 and 51.10%, and the real 

clay fraction (particles < 0.001 mm) between 25.70 and 38.60%. Chemical reaction 

(pH in water) of the investigated samples is, according to the American 

classification, neutral to moderately alkaline, i.e. with pH values between 6.6 and 

8.4. The humus content in the analysed samples of all the investigated profiles is 

found in surface samples of the humus horizon. According to the classification of 
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MÜCKENHAUSEN (1975) the investigated chernozems belong to the class of 

moderately to strongly humous soils with humus content between 2.20 and 8.00% 

in the surface layer. Carbonate content in the humus horizon of the investigated 

soils is very fluctuating and it varies within a wide range, between 1.16 and 15.5% 

(ŽIVKOVIĆ, 1988/89).  

In the Table 1, statistically analysed results are presented of the 

determination of aggregate composition of the investigated carbonate chernozem 

profiles. 

The results show that, beside the valuable, crumby-beady structure there 

are significant differences in aggregate composition, both between various profiles, 

in dependence on the mode of the soil utilization and on the influence of 

anthropogenic factor, and between various depth zones (subhorizons) of the humus 

horizon, in cultivated soil profiles between arable, the first (zone of plough bottom) 

and the second subarable subhorizons.   

In all investigated depth zones of the humus horizon of these soils there 

prevails agronomically most valuable structural aggregate with the diameter 

between 0.25 and 10 mm, i.e. the fraction consisting of medium crumby (1-3 mm), 

big crumby (3-5 mm) and beady (5-10 mm) aggregates. The content of these 

agronomically most valuable aggregates in various depth zones (subhorizons) of 

the humus horizon in cultivated soil profiles varies between 59.79 and 70.74%, and 

in grazing land samples between 53 and 63%. The most abundant are big crumby 

aggregates. Similar aggregate composition is found in the chernozems of South 

Srem (GAJIĆ, 1992).  

Because of the increased dispersion during tillage, as well as due to an 

increased compaction induced by threading, arable horizon of cultivated soils and 

the surface layer of the humus horizon of pasture chernozem show mainly 

significantly lower content of the most valuable (by size) aggregates, than the first 

and second subsurface layers of the same profiles. The same results were obtained 

by KOSANOVIĆ (1960) in his investigations of carbonate chernozem of Vojvodina. 

He explains the finding as a consequence of the fact that deeper zones of the 

humus horizon are without the influence of all those unfavourable factors which 

act in the surface layer in the direction of impairment of aggregation, such as the 

water from atmospheric precipitations, tillage with machines, etc.  

An interesting finding is that the highest average content of agronomically 

most favourable aggregates is found in cultivated soil profiles, higher than in the 

pasture profiles. Even deeper layers of the humus horizon of grazing land profiles 

contain significantly less (53-63%) agronomically most valuable aggregates than 

those from cultivated soil (68.84-70.74%), which is, most likely, a consequence of 

the influence of threading and the lack of tillage, which decreased the ratio of the 

most valuable structural aggregates in the pasture samples. 

It is also interesting that no differences were found in aggregate 

composition between twice deeply ploughed (to 60-80 cm) soil profiles (under 

plantations) and those ploughed in usual way (20-30 cm) (crop cultivation).  
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Total content of powdery (<0.5 mm) and cloddy (>10 mm) structural 

aggregates in all analysed depth zones of the investigated profiles is on average 

mainly <40%. In the investigated profiles of cultivated soil chernozem, the content 

of cloddy aggregates (17.53-26.89%) is 2-3 times higher than in the pasture ones 

(12.25-5.67%). Similar results were obtained during the investigations of Russian 

chernozems (BONDAREV and KUZNECOV, 1999). The participation of powdery 

aggregates in arable and subarable horizons of cultivated soil profiles is not high 

and it varies within a narrow range, between 4.42 and 6.89%. However, in the 

humus horizon (0-60 cm) of pasture profiles, it is about 3.5-4.5 times higher than 

in cultivated soil, and it varies between 4.42 and 6.89%.  

Among other data, in Table 1 significant variations may be seen, at all 

depths, of the content of all structural aggregate fractions, which are, as expected, 

much more noticeable in cultivated soil than in pasture profiles.   

On the basis of structure coefficient (Ks) values it may be concluded that 

the aggregate composition of the investigated chernozems under a long-term 

cultivation did not suffer significant quantitative changes in the humus horizon 

(Table 1).  

Structure coefficient in the humus horizon of cultivated soil chernozems is 

significantly higher than in pasture samples. In cultivated soil profiles, its values 

are regularly higher than 1.5, and they vary between 1.51 and 2.42. According to 

the classification cited by ŠEIN et al. (2001), these values are characteristic for the 

soils with good structure. In the investigated pasture profiles of chernozem, the 

values of this coefficient vary between 1.15 and 1.70, which is, according to the 

mentioned classification, a property of soils with satisfactory structure.   

For the estimation of the distribution of structural aggregates by their size, 

two parameters were used, namely: mean weight diameter (MWD) and mean 

geometrical diameter (MGD) of the aggregates which, according to HILLEL (2004) 

enable correlations with various indicators (such as erosion, infiltration, 

evaporation, aeration, etc.). When the values of the mentioned parameters are 

higher, aggregate, i.e. structural soil composition is better, and vice versa.  

From the data presented in Table 1 it may be noticed that the values of 

mean diameters in cultivated soil profiles of carbonate chernozem of South Banat 

(5.42-6.62) are about 2 times higher than in pasture profiles (3.53-4.26).  

Less marked differences were found between the values of mean 

geometrical diameters of cultivated soil aggregates and those from pasture profiles 

of the investigated chernozems. In the humus horizon of the cultivated soil profiles 

they vary within a very narrow range, between 0.62 and 0.64, while in pasture 

profiles they are somewhat lower and range between 0.52 and 0.62.  

Presented values of the mean weight and geometrical diameters of 

structural aggregates show that cultivated soil profiles of the investigated carbonate 

chernozems have significantly better structure than those from pasture sites.   

Indicators of the distribution of structural aggregates according to their 

size may be used as parameters of soil structure in modeling processes connected 

with it (BEREZINA et al., 1991).  
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Table 1.  Statistically analysed data obtained by the determination of aggregate composition 

of carbonate cultivated soil and pasture chernozems of South Banat  
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Note: MWD* –mean weight diameter of the structural aggregates; MGD** –mean geometrical  
                             diameter of the structural aggregates.  

CONCLUSION 

On the basis of the obtained results of the determination (by dry sieving) 

of aggregate composition of surface (0-20 cm) and subsurface (20-40 and 40-60 

cm) layers of humus horizons of cultivated soil and pasture loamy carbonate 

chernozems of South Banat, the following conclusions may be drawn: 

The investigated carbonate chernozems of South Banat are characterized 

with good structure of humus horizons in dry condition. In them, there prevail 

(>60%) crumby-beady, agronomically most valuable structural aggregates with the 

diameter between 1 and 10 mm.  
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Subsurface layers of the humus horizons of cultivated soil and pasture 

chernozems show significantly more favourable aggregate composition than their 

surface layers.  

Long-term cultivation did not lead to a more substantial quantitative 

change of the aggregate composition of cultivated soil chernozem, which is 

supported by structure coefficient values (Ks) which are >1.5.  

Chernozems under pasture, according to the values of the indicators of 

structural aggregate distribution (mean weight diameter and mean geometrical 

diameter), show less favourable aggregate composition in comparison with the 

cultivated soil.  

REFERENCES 

AMEZQUITA, E., PRECIADO, G., ARIAS, D.M., FRIESEN, D., SANZ, J.I., THOMAS, R. (1998): Soil physical 

characteristics under different land use systems and duration on the Colombian savannas. 

16th World Congress of Soil Science, 20 – 26 August, Montpellier, France. CD Proceeding, 

Symposium no: 2, Scientific registration no: 602. 

BEREZINA, P.N., KIRIČENKO, A.B., KORJAKINA, L.V., KVARACHELIJA, M.Z. (1991): Eksperimentalnoe 

izučenie raspredelenij agregatov, mikroagregatov i granulometričeskih elementov počv. 

Počvovedenie, No. 4, 135-142. 

BONDAREV, A.G. and KUZNJECOVA, I.V. (1973): Osobennosti strukturi i složenija počv u počvennom 

komplekse zavolžja pri orošenii. Počvovedenie, No. 9, 96-104. 

BONDAREV, A.G. and KUZNJECOVA, I.V. (1999): Problema degradacii fizičeskih svojstv počv Rossi i 

puti ee rešenija. Počvovedenie, No. 9, 1126-1131. 

BOŠNJAK, Đ. (1997): Metode istraživanja i određivanja fizičkih svojstava zemljišta. Monografija, JDPZ, 

Novi Sad. 

GAJIĆ, B. (1992): The Influence of Long-term Irrigation on the Changes of Some Physical Properties of 

Chernozem and March Black (Humogley) Soil in South–Eastern Srem During Cultivation of 

Field and Vegetable Crops. Review o Research Work at the Faculty of Agriculture, Vol. 37, 

No. 1, 49–56. 

HILLEL, D. (2004): Introduction to Environmental Soil Physics. ELSEVIER Academic Press, USA. 

KOSANOVIĆ, V. (1960): Vojvođanski černozem i njegova proizvodna sposobnost. Doktorska disertacija. 

Rukopis. Beograd. 

KUZNECOVA, I.V. (1979): O nekotorih kriterijah ocenki fizičeskih svojstv počv. Počvovedenie, No. 3, 

81-89. 

MEDVEDEV, V.V.,CYBULKO, W.G. (1995): Soil criteria for assessing the maximum permissible ground 

pressure of agricultural vehicles on Chernozem soils. Soil and Tillage Research, 36, 153–

164.  

MÜCKENHAUSEN (1975): Die Bodenkunde. DLG, Frankfurt. 

SOROČKIN, V.M. (1991): O vibore pokazatelej dlja agronomičeskoj ocenki strukturi počv. Pčvovedenie, 

No. 7, 50-58. 

ŠEIN, E.V., ARHANGELSKAJA, T.A., GONČAROV, V.M., GUBER, A.K., POČATKOVA, T.N., SIDOROVA, 

M.A., SMAGIN, A.V., UMAROVA, A.B. (2001): Polevie i laboratornie metodi issledovanija 

fizičeskih svojstv i režimov počv. Izdateljstvo Moskovskogo universiteta. 



B.GAJIĆ et al..: AGGREGATE COMPOSITION OF CARBONATE CHERNOZEM 139 

VERŠININ, P.V., MELNIKOVA, M.K., MIČURIN, B.N., MOŠKOV, B.S., POJASOV, N.P., ČUDNOVSKIJ, A.F. 

(1959): Osnovi agrofiziki. Pod redakciej akademika A. F. Ioffe i kandidata s.–h. nauk 

Revuta, I. B. Gosudarstvennoe izdatelstvo fiziko–matematičeskoj literaturi. Moskva. 

ŽIVKOVIĆ, M. (1988/89): Sistematika zemljišta. Rukopis, Poljoprivredni fakultet, Beograd. 

 

Received May  5 ,  2 00 6 .  

  Accepted October 2, 2006 



140 ZEMLJIŠTE I BILJKA, Vol. 55, No. 2, 131-140, 2006. 
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I z v o d  

 

U cilju ocene agregatnog sastava karbonatnih ilovastih černozema na lesu 

Južnog Banata, pri njivskom i pašnjačkom načinu korišćenja, izvršeno je 

frakcionisanje pojedinih kategorija strukturnih agregata prema njihovoj veličini i 

određivanje koeficijenta strukturnosti, srednjeg masenog i srednjeg geometrijskog 

dijametra strukturnih agregata. 

Laboratorijskim analizama obuhvaćeni su zemljišni uzorci humusnog, 

odnosno oraničnog (0-20-30 cm) i podoraničnog horizonta (20-40 i 40-60 cm) iz 

24 njivska profila i uzorci površinske (0-20-30 cm) i podpovršinskih proba (20-40 i 

40-60 cm) humusnog horizonta iz 4 pašnjačka profila. 

Rezultati istraživanja pokazali su da pored povoljne, pretežno mrvičasto–

graškaste strukture postoje i znatne razlike u agregatnom sastavu kako među 

raznim profilima, u zavisnosti od načina korišćenja zemljišta, tako i u raznim 

dubinskim zonama humusnog horizonta. 

Sadržaj agronomski najpovoljnijih agregata (0.5-10 mm) u svim 

dubinskim zonama humusnog horizonta istraženih profila je > 60%, što je, prema 

klasifikaciji Šein-a et al. (2001), karakteristika zemljišta dobre strukture.  

Prema vrednostima koeficijenta strukturnosti i navedenoj klasifikaciji 

njivski profili (1.5-2.42) pokazuju dobru, a pašnjački (1.15-1.70) zadovoljavajuću 

strukturnost. U njivskim profilima prosečni maseni i geometrijski prečnik agregata 

znatno je veći nego u pašnjačkim, a kada su njihove vrednosti veće struktura 

zemljišta je bolja i obratno. 
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