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Annotation. The main objective of this study was to determine changes in soil urease activity in
natural macroaggregates development along aslope in Q cerris and Q. petraea forest soils. This study
was carried out in Kocadag, Samsun, Turkey. Four landscape positions i.e., summit, shoulder, back
slope 1, back slope 2 and foot slope, were selected. For each landscape position, soil macroaggregates
were separated into six aggregate size classes using adry sieving method and then urease activity was
analyzed. In this research, topography influenced the macroaggregate size and urease activity within
the aggregates. At all landscape positions, the contents of macro aggregates (especially > 6.3 mm and
2.00-4.75 mm) in all soil samples were higher than other macro aggregate contents. In foot slope
position, the soils had generally the higher urease activity than the other positions at all landscape
positions. In all positions, except for shoulder, urease activity was greater macro aggregates of <1 mm

than in the other macro aggregate size.
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BACKGROUND
Soil texture has an important role in

nutrient management because it influences
nutrient retention. For instance, finer tex-
tured soils tend to have greater ability to
store soil nutrients. The size, quantity and sta-
bility of aggregates recovered from soil
reflects an environmental conditioning that
includes factors which enhance the aggrega-
tion ofsoil [1]. Soil aggregation influences the
susceptibility of soil to erosion, organic mat-
ter storage, soil aeration, water infiltration
and mineral plant supply. Many studies have
shown the effects of organic constituents on
the amount and stability of soil aggregates.
However, understanding the role that soil
aggregation plays in fertility recapitalisation
also requires a knowledge of how aggrega-
tion contributes to organic matter storage in
soil. Both processes are mediated by soil bio-
logical activity [2].

Soil microorganisms are key players in
the recycling of elements, they stabilize soil
structure and improve soil water retention.
Their activities are essential components of
the biotic community in natural forests and
are largely responsible for ecosystem func-
tioning [3, 4]. The microbial population and

their activities of the soil surface horizon has
been far better studied than that of the soil
aggregates [5-7]. Microbes inthe deeperhori-
zons also play an important role in ecosystem
biogeochemistry [8].

Ferments (enzymes) - protein sub-
stances of nature, capable of hundreds of
times to accelerate biochemical processes.
Enzymes vary widely in molecular size: some
have low molecular weight (104), but most of
their molecular weights are in the range from
15 104 up to 1.5 106. Efficiency is high
enzyme: catalyzes the conversion ofone mole-
cule of 102 - 106 molecules of substrate in 1
min. Most often, the enzymes specific for the
type of reaction catalyzed. For example, only
the urease decomposes urea polyphe-
noloxidase oxidizes polyphenols and deriva-
tives thereof. Urease (urea amidohydrolase,
EC 3.5.1.5) is an important enzyme in soil
because of the hydrolytic action on urea
applied as afertilizer, or excreted in the urine
of grazing animals, but its origins, existence
and persistence in soil are obscure. Itis gen-
erally believed that a significant proportion
of urease activity in soil is released from liv-
ing and lysed microbial cells, and is stabilized
as an extracellular enzyme by association
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with soil colloids [9], especially soil organic
matter [10, 11] listed 10 distinctcategories of
enzymes in soil. For example, total urease
activity in soil may comprise activities associ-
ated with viable microorganisms, clay and
humic colloids, leaked from extant cells, or
released from lysed cells and cell debris.
However, urease which become associated
with humic colloids due to adsorption,
entrapment or copolymerization during
organic matter formation would persist for a
long period [12].

Clearly then, to understand the role that
soil aggregation large or small spatial scales
plays between microbiological properties in
soils and natural ecosystems such as forest,
grassland and agricultural use. Atfirst, neces-
sary to understand the relationship between
soil aggregation and biological activity.

The aim ofthis paper is to evaluate: 1) to
assess the influence of topography on soil
macro aggregates size distribution, 2) to com-
pare the relationships between macro aggre-
gate size distribution and soil urease activity.

MATERIAL AND METHODS
Site description
The Kocadag, located in Samsun (Lati-

tude, 41° 19' N; longitude, 36° 02' W) and has
an elevation between 200 - 1200 m above sea
level in Northern Anatolia (Figure 1). The cli-
mate is semi humid, (Rf=52.5) with temper-
atures ranging from 6.6°C in February to
23°C in August. The annual mean tempera-
ture is 14°C and annual mean precipitation is
735 mm. Topography and slope show great
variations and hilly and Rolling physio-
graphic units are particularly common in the
study area. Geology ofthe study area is domi-
nantly composed of sandstone and lime-
stone. The research area is in the A6 square
according to the Davis's grid system [13].
Plant species belonging to the families
Quercus cerris L var.cerris and Quercus
petraea (Mattuschka) Liebl. Subsp. iberica
(Steven ex Bieb) Krasslin are dominantin this
forest.

According to the Keys of soil taxonomy,
the soils of Kocadag; forest belong to Typic
Ustifluvent and Typic Haplustept. Soil sam-
ples were collected from five locations; sum-
mit, shoulder, backslope 1, backslope 2 and
footslope, which differed from each other in
altitude, slope, and soil physical and chemical
characteristics (Table 1). Some part ofnatural
forest has been fragmented and degraded by
such human disturbances. As a result of the
destruction Rhododendron lutetum Sweet.
communities replaced this forest.

SoilSampling

For study that were carried out in
December 2012, soil samples were collected
from the organic layer (above the topsoil,
thickness approximately 0-15 cm), on the
basis of hypothesis that toposequence might
be the main controlling factor in soil micro-
bial indices of aggregates. Soils have been
studied on along transect (crosswise from
South to North direction) with representative
five surface soil at summit, shoulder, back
slope and foot slope positions were described
(figure 1).

Soil samples (~1000 g) were taken with
using a sterile soil corer (sterilized with 95%
ethanol before use). The samples were trans-
ported to the laboratory on the same day. To
analyze some soil physicochemical analyses,
crop residues, root fragments and stones >2
mm were removed from soil samples. The soil
aggregates were separated from different
diameter sieves, thus, we obtained total 32
macroaggregate samples. These samples
were used to determine microbial response
variables of soils at the field moisture condi-
tion. Also each sample was stored in polyeth-
ylene bags at4° Cin the refrigerator for no lon-
gerthan 72 h prior to analysis.

Soil physico-chemical analysis

Physical and chemical properties of soils
were determined by means of appropriate
methods Particle size distribution by
hydrometer method [14], pH and electrical
conductivity (EC) in 1:1 (w/v) in soil: water
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Figure 1 - Transect of the five different soil sample points on the same land cover but
different topographic positions

suspension by pH-meter and EC-meter (Soil 4.75, 2.00, 1.40 and 1.00 mm, from the top to
Survey Staff 1992), CaCO3 by Scheibler the bottom of stack, using an automatic sieve
calcimetric method (Soil Survey Staff 1992), shaker (speed and time of shaker were same)
Soil organic carbon by a modified Walkley- manufactured ELE International. Each size
Black method (Soil Survey Staff 1992). fraction was weighed and eight size classes

Separation ofAggregates were obtained: [I] >6300 |im (extremely

The initial macro aggregate size distribu- macro-aggregate), [11] 6300 - 4750 |im (very
tion was determined by sieving 2kg soil for 2 irongly macro-aggregate), [I1] 4750 - 2000
min on a stack of sieves with openings 6.30, |im (strongly macro-aggregate), [IV] 2000 -
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1400 |im (moderately macro-aggregate), [V]
1400 - 1000 [|im (slightly macro-aggregate)
and [VI] < 1000 |im (very slightly macro-
aggregate), indicated by Tisdall and Oades
(1982) and Nearing (1995).

Measurementofurease activity

Urease (EC 3.5.1.5) activity (UA) was
measured by the method of Hoffmann and
Teicher. 0.25 ml toluene, 0.75 ml citrate
buffer (pH 6.7) and 1 ml of 10 % urea sub-
strate solution were added to the 1 g sample
and the samples were incubated for 3 h at
37°C. The formation of ammonium was
determined spectrophotometrically at 578
nm and results were expressed as |im Ng-1
dry sample.

Statistical Analysis

All data were analyzed using SPSS 11.0
statistical software (SPSS Inc.). Analysis of
variance (ANOVA) was carried out using one-
factor randomized complete plot design;
where significant F-values were obtained, dif-
ferences between individualmeans were
tested using the LSD (Least Significant
Difference) test, with a significance level of P
<0.01. The asterisks, * **and *** indicate sig-
nificance at P <0.05, 0.01 and 0.001, respec-
tively.

RESULTS AND DISCUSSION

Soil Physical and Chemical Properties

Soil physical and chemical properties
that have been taken into consideration in
this research showed variability at short dis-
tance in study area formed on accumulated
sediment depositions carried by Kizilirmak
River. The major physical and chemical prop-
erties ofthe soils inthe currentstudy are pre-
sented in Table 1. Soil texture varied from
sandy loam and loam through clay loam to
clay across the surface soils of all profiles.
Typic Haplustepthad the highest clay content
(42.69 %), while Typic Ustifluvent had the
highest sand content (62.56 %). On the other
hand, Typic Ustifluventhad ahigherbulk den-
sity than Typic Haplustept due to its high
sand content. Soil CEC varied between 8.46

41

and 35.56 ¢ mol kg-1. The soil with the high-
est CEC was the sample no 4 of Typic
Haplustept which had the highest clay con-
tentand organic matter. Exchangeable Caand
Mg cations accounted for over 95 % of the
exchangeable complex as a result of the dis-
solution of carbonates, whereas exchange-
able Kand Na levels were rather low. Soil
organic matter contentranged from 0.70 % to
1.57 % in upper horizons of all soil maples.
These low organic matter levels are attribut-
able to rapid decomposition and mineraliza-
tion of organic matter due to cultivation prac-
tices. According to Table 1, soil reaction var-
ies between 7.66-7.88 and soils have low in
electrical conductivity (<1 dS m-1) and low
nitrogen content. In addition, available phos-
phorous content of soils is moderate (8-25
mg.kg-1) and high level (25-80 mg.kg-1).
Aggregate Size Distribution in Soils
Percentage distribution of soil aggregates in
soil samples used dry sieving method in total
weight was shown in Figure 2. According to
results, it was determined that majority of
aggregates generally formed
macroaggregates (>250p.m) in both Typic
Ustifluvent and Typic Haplustept soils. The
contents of macroaggregates
(especially>6300 |imand 2000-4750 |im) in
all soil samples were higher than
microaggregate contents. In addition to that,
microaggregates were found higher content
in sandy loam texture (Typic Ustifluvent-
sample no 2). This case can be explained low
clay and low organic matter content of this
soil as compared to other soils. In other
words, there was a close correlation among
aggregate size, organic matter and particle
size. Macroaggregate stability depends on
management, because ofthe transient nature
of binding agents (Soil Quality Test Kit Guide
1999). Tisdall and Oades (1982) formulated
an aggregate hierarchy theory, which
explains a gradual break down of
macroaggregates, preceding complete disso-
ciation in to primary particles. Another con-



sequence ofthis principle isthatyounger and
the more labile soil organic matter is con-
tained in macroaggregates that micro aggre-
gates than microaggregates. Our result was
also showed coherent with another research
carried out by Qian et al. (2004). Their aim is
determination of distribution characteristics

for microbial biomass carbon in different soil
aggregates. In their studies, different aggre-
gate fractions were obtained with the same
method from the seven soil samples and they
found that the soil with highest content
organic matter had the highest proportion of
large soil aggregates.

Table 1-Selected soil physico-chemical properties atdifferentlandscape positions

Soil

properties Summit Shoulder
Coordinate (utm) 37T 0257721 37T0258378
Longitude
Coordinate (utm) 4579115 4579806
Latitude
Clay, % 77,99 58,6
Silt, % 14,76 25,76
Sand, % 7,25 15,64
Texture class C SiC
Organic C % 3,35 5,38
CaCOs, % 3,4% 0,71%
PH (1:1) 6,70 5,90
EC dS.m-1 0,24 0,20

Aggregate Size Distribution in Soils

Aggregate size distribution in soils per-
centage distribution of soil macro aggregates
in soil samples used dry sieving method in
total weight [7]. The contents of macro aggre-
gates (especially > 6.3 mm and 2.00-4.75
mm) in all soil samples were higher than
other macro aggregate contents. According to
results, it was determined that majority of
aggregates generally formed extremely macro
aggregate (> 6.3 mm) at the foot slope posi-
tion. But smallest macro aggregate size (<
1mm, 1.00-1.40 mm and 1.40-2.00 mm) were
highest in the crest position. This case can be
explained low organic matter content of this
soil as compared to other soils. In other
words, there was a close correlation among
aggregate size and organic matter. Macro
aggregate stability depends on management,
because of the transient nature of binding
agents (Soil Quality Test Kit Guide 1999).
Tisdall and Oades (1982) formulated an
aggregate hierarchy theory, which explains a
gradual break down of macroaggregates, pre-
ceding complete dissociation in to primary

Landscape position

Back slope 1 Back slope 2 Foot slope
37T 0259103 37T 0260089 37T 0264006
4579500 4578216 4578763
67,28 38,28 20,91
19,55 28,18 21,26
13,17 33,54 57,83
C cL SCL
1,66 3,025 5,45
1,82% 1,82% 1,74%

7,60 5,70 6,60
0,47 0,29 0,93

particles. Another consequence of this princi-
ple is that younger and the more labile soil
organic matter is contained in
macroaggregates than micro aggregates. Our
resultwas also showed coherentwith another
research carried out by Qian et al. (2004),
[5.7].

Urease activity

The urease activity distribution in natural
soil macro aggregates was given in Table 2. In
Except for shoulder position, the urease activ-
ity level increased with increasing macro
aggregate size (P<0,01), reaching a maximum
in the < 1.00 mm at all landscape position.
Considerable variations in urease activities
were found for the different natural macro
aggregate size at different landscape posi-
tions. Statistically significant variations were
found in urease activities at various aggregate
size and landscape position. The analysis of
variance of the results obtained in our
research on the urease activity showed that all
factors (different landscape positions and
aggregate size) significantly influenced urease
activity (table 2).
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Table 2 - Changes ofurease activity (p.gNg *) in natural macro aggregate sizes ofsoil samples

Macro aggregate

size Summit Shoulder
>6,30 mm 70,7 £ 0,05 89,4 +23
4,75-6,30 mm 95,1 +175 88,5+ 3,0
2,00-4,75 mm 90,8 +4,7 1095 £45
1,40-2,00 mm 118,7 £ 12,7 143,3 £32,9
1,00-1,40 mm 1143 £55 116,6 + 17,8
<1,00 mm 97,0+9,4

CONCLUSION

Topography and aggregate size can influ-
ence microorganisms and their activities
through affecting soil microclimate, physical
and chemical soil characteristics, plant
growth, and below ground C inputs. This
study demonstrated that changes of macro
aggregate size distribution can alter the soil
urease activity within the aggregates. The
results indicate that the macro aggregate size

distribution and urease activity of macro
aggregates along a hill slope had great differ-
ences in the forest soil depending homoge-
neous plantation. The foot slope position has
greater organic Ccontents compared to the
other positions, because the higher levels in

the organic matter content clearly show ero-
sion deposits at the foot slope and denuda-

Landscape position

Back slope 1 Back slope 2 Foot slope

70,0 £ 28,5 24,8 £ 16,5 54,2 +51

32,3 +215 458 £ 2,7 56,3 + 37,6

49,6 £5,7 47,7 £9,1 97,9£6,5

69,8 £29 42,4 £28,3 1543 £12,8

48,8 + 11,6 49 + 32,7 310,5 + 239
- 72,9 £ 57 207,26 £ 0

tion of shoulder. In conclusion, soil properties

and urease activity changed depending on
landscape positions and aggregate sizes.
Therefore, the forests must be used according
to site specified management principles. This
calls for cautions in large-scale conversions of
the native forests to coniferous plantations as
a forest management practice on concerns of
sustainable soil productivity.
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PE3IOME
M.[. KycanHoBa

AKTVBHOCTb YPEA3bI B NOUYBEHHbLIX MAKPOAIPEIATAX B JIECAX MOA4, QUERCUS CERRIS
QUERCUS PETRAEA HA TAHALLUA®THOM YPOBHE
Kaszaxckuii Hay4yHo-uccnef0BaTeNbCKNUII UHCTUTYT MOYBOBEAEHUS 1 arpoXuMmnmn um. YY YcnaHosa
050060, AnmaTbl, nNp. anb-Papabu, 758, KazaxcTaH, madgu@inbox.ru

OcHOBHas LUeNnb AaHHOr0 MccnefoBaHUs 6blia B ONpeAeneHUn U3MEHEHHWI aKTMBHOCTU
ypeasbl B No4YBe B 3aBUCUCMOCTU OT MakKpoarperatHoro coctaBa M 3N1eEMEHTOB penibeda JIeCHbIX
noysax Ha 30HafIbHOM /ieCHOM coobuecTBe Quercus cerris and Quercus petraea. MNpobbl NOYBbI 6b1M
oTobpaHbl B paiioHe Kompkaaa, ropoga CamcyH, TypLmu C NATU yYacTKOB, T. €. C BEPLUUHbI, CKJI0HA,
OTKOC 1, 0TKOCa 2 U Yy NOAHOXbSA CKOHA. MNMouBeHHble 06pasubl 6bI/IM MPOCESHbI CyXUM METOAO0M
pasfenieHus Ha LwecTb (hpakuuii, a 3aTem, 6blna MpoaHanM3nMpoBaHa aKTMBHOCTb ypeasbl. [lo
pesynbTaTam mccnefoBaHWUs 6bl10 ONpefesieHO 4To, Tonorpadusa MNoBAusNa Ha pasMep Makpo
arperaToB W Ha aKTUMBHOCTb ypeasbl B arperatax Ha Bcex laHAlaTHbIX yyacTKax, 3a UCK0YEeHNEM
0TKoca 2. Bo Bcex o6pa3uax novs cogeprkaHne MakpoarperaTos, Bo hpakymsx > 6,3 mvm n 2,00-4,75
MM 6b1710 60/1€€ BbICOKOE, YEM B ApYrnx pakumax, akTUBHOCTb ypeasbl Oblfia BbICOKOM B Makpo
arperatax pakumm 1,00-1,40 MMy NOAHOXbSA CK/I0HE, YeM B APYTUX hpakLmsaX.

TYNIH
M.[. KycanHoBa
NAHOLAGTBIK JELIMEMIE QUERCUS CERRIS YKOHE QUERCUS PETRAEA 0CETIH OPMAHOAPOAMbI
TObPAK; MAKPOAIPEIATTAPBIHOAI bl YPEA3AHbBLL, BE/ICEHAUTIN

B.0. OcnaHoB am. Kp3al TonbipauTaHy >XX3He arpoXnMmIs TbifibiIMU 3epT TEeY UHCTUTY T,
050060, Kp3aucTaH, AnmaThl, anb-Papabu gaur., 758, madgu@inbox.ru

Byn Mmakgnaga Taburu xargaiiga Quercus cerris and Quercus petraea opMaH TonblpauTapbiHbLL,
LypambiHAa ypeasza 6e/fCeHArNT LaHgak e3repk 6epeTiHfliri XXeHW e Xypn3blreH 3epTTey
XXyMacTapblHbll TyciHflipMeci )X3He afblHFaH HaTWXenepl Typanbl aHblTama GepbsireH.
3epTTenweTw Tonblpak; epHeKTepi Typkus MemnekeTwwiw, CamcyH Kanacbl, Kogxaaa aygaHbiHaa
6ec Typn! HyKTenepAeH anblHAbl. ATan KeTCeK: LWbll, Gaypaiibl, Kanama 1, uynama 2 X3He Tay
6eK Tepi. 3epTTey HITUXKeCLLZE, 3ePTTE/ILLTEH Xep aalbl TOMbIpakK; Makpo arperaTTbiK; K;ypambiHa
K3He ypeasa GenceHaMnrle acepi aHbWTanabl. Bapnbik; Tonbipak; epHeKTepLUAE, acipece > 6,3 MM
X3He 2,00-4,75 MM hpakuusnapbiHia MaKpoarpeTTap Kypambl eTe orapbl 60/14bl. Tay 6eKTepLUeH
anblHraH Tonblpak; epHeKTepLlae ypeasa 6enceHalLln 6ack;a HycK;anapMeH canbicTbipraHga 1,00-
1,40 MM (hpaKuuabl MaKpoarperaTTapAarkorapbl KEPCETHO NT KePCeTTb
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