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Abstract

This study \vas conducted to examine the changes in physical properties of
soils prepared with different methods in Kerpe (Turkey), in 1978. The site
preparation methods were: 1) strip soil preparation (0-60 cm) vvith rippers
mounted to D 85-A 12 Komatsu bulldozer (TI), 2) strip soil preparation (0-45 cm)
(as gradoni terraces - bench terraces \vith 12-15 % reverse slope and 60-80 cm
wide) \vith double pass of a tined plough (T2), 3) complete area topsoil preparation
(0-30 cm) with double pass of a heavy disk harrotv (T3), 4) complete area deep soil
preparation (30-60 cm) with rippers mounted to a Komatsu bulldozer follotved by
a complete topsoil preparation (0-30 cm) \vith a heavy disk harrovv (T4), 5) control
plantation plots cleared \vith a rake mounted to a Komatsu bulldozer \vhere no soil
preparation operation \vas carried out follovring clearing of the coppice cover (0-30
cm) (C). Tvventy one years after soil preparation in November 1999, soil core
samples taken from different depth layers and \vere analyzed for soil texture, bulk
density, total porosity, air-filled pore space, maximum \vater-liolding capacity,
permeability and moisture equivalent. The results \vere compared with those of
two previous investigations performed at the same study site in 1978 and 1986. The
results revealed that fine-textured soils clianged to moderately fine-textured soils
in 0-60 cm depth layers of ali treatment plots (except T2) in 21 years. The
conditions of soil bulk density, maximum water-holding capacity, air-filled pore
space and total porosity significantly deteriorated for the depth layers of 0-60 cm
of ali treatment plots (except bulk density and total porosity of C and T3 plots) in
the period of the First 8 years (from 1978 to 1986). When 0-15 cm, 15-30 cm, 30-45
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cm and 45-60 cm soil depth layers are considered separately, the conditions of only
the first three properties significantly deteriorated in the same period. Holvever,
significant improvements occurred in the conditions of total porosity and air-filled
pore space for the soils in 0 to 60 cm depth layers of T2, T3 and T4; C, T2, T3 and
T4 treatment plots from 1986 to 1999, respectively. The conditions of bulk density
also recovered only for the depth layers of 0-15 c¢cm and 45-60 cm, and the
conditions of air-filled pore space recovered only for the depth layers of 0-15 cm,
30-45 cm and 45-60 cm in the last 13 years (from 1986 to 1999). Significant
deteriorations vvere observed in the maximum vvater-liolding capacity during the
rotation period of 21 years. No significant differences vvere observed in the
conditions of moisture equivalent and permeability in 21 years. It is to underline
that the significant differences in conditions of pliysical soil properties ohserved
follovving the soil preparation vvith different metliods became non-significant after
the period of first 8 years.

Keyvvords: Pinus pinaster (Aiton), physical soil properties, rotation period, soil texture,
soil preparation methods.

1. Introduction

In Turkey, plantation activities wvith fast grovving tree species started inl960 and
total planted area reached to a size of 17127 ha in 1972 (AEKGMY, 1973). In 1972,
Turkish Government assisted by FAO started a project entitled “Industrial Forestry
Plantations in Turkey” to determine the most suitable eqiiipment and methods for
ground elearing and soil preparation (Cooling, 1977). To achieve this goal,
demonstrative industrial forestry plantations vvere estabiished in the Black sea and
Marmara regions of Turkey on several sites. The plantation sites generally had
undulating topography, deep soil with fine texture, and low gravel content. Dominant
vegetation cover wvas coppice wvhicli consisted of trees such as Qiterclis spp., Castcillea
sativa Miller, Fagits orientalis L., Carpintis betulus L., Tilia argentea Desf. exDC. and
shrubs such as Laitrus nobilis L.. Arbntus ttnedo L., Phillyrea latifolici L., Erica cirborea
L., Cistus salviifolius L. and Rliododendroii sp. The soils in the demonstrative plantation
sites vvere prepared using a unique method wvhich vvas soil preparation on complete area
wvith deep soil tillage (30-60 cm) by rippers and then a complete area topsoil preparation
(0-30 cm) by a heavy disc harrovv (Deveria, 1977). This method vvas rather expensive
and had not been compared to other cheaper methods in terms of plant grovvth in
different site conditions. Therefore, in 1978 a comparative study wvas carried out in
Kerpe, Kocaeli, Turkey to determine the most suitable soil preparation method for
establishing industrial forestry plantations in the region of Marmara. In this
experimental study, soil vvas prepared wvith five different mechanized methods and one-
year old Pinus pinaster (Aiton) seedlings vvere planted (Tolay et al., 1982). Another

1 Abbrcviation for General Directorate of Reforestation and Erosion Contiol of Turkisli Ministry of
Forestry
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study vvas also imdertaken on the same study area in order to estimate the effects of soil
preparation methods on plant grovvth and to determine the changes in conditions of
physical soil properties (Hizal et al., 1991). The overall resilts of these stiidies revealed
that soil preparation methods had no significant effect on plant grovvth wvithin the first S
years after plantation establishment (Tolay et al., 1982; Hizal et al.,, 1991). Soil
examinations conducted after S years follovving the site preparations shovved that
significant deteriorations occurred in the physical soil properties staled above for the 0-
60 cm depth layers of ali treatment plots (except C and T3 treatment plots for bulk
density and total porosity), and the conditions of the soil properties also deteriorated for
ali depth layers of 0-15, 15-30, 30-45 and 45-60 cm except for total porosity. As a third
stage of the study, soil properties vvere re-examined combined wvith an investigation on
grovvth performances in the plots 21 years after the soil preparations, and follovving
results vvere obtained: mean annual vvood increment in the experimental plots varied
from 129 to 14.9 m3 ha'l yr'land the soil preparation methods did not make a
significant difference in level of vvood increment (liizal et al., 2002). Therefore, it is to
recommend that the cheapest method of soil preparation is to be taken as the besi, vvhich
alone is vegetation clearing using a rake mounted Komatsu bulldozer.

Compared to stiidies carried out in agricultural areas, there is limited information
about effect of mechanized soil preparation methods on physical soil properties in forest
areas and majority of literatiire concerning the effects of soil preparation methods on
plant grovvth and on some physical soil properties have mostly focused on topsoils, and
they generally neglected to examine the changes observed in deeper soil layers in a
relatively longer terrn. For example, Archiboid et al. (2000) studied effect of five site
preparation techniques on soil properties at the depth of 10 centimetre. Similarly, Piatek
and Ailen (2000) compared the effect of tvvo different soil preparation methods, shear-
pile-disk and chop-burn, on some soil properties at the topsoil disked to a depth of 7-12
centimetre. There is also limited information about deeper soil depths. In this type of
study, Merino et al. (2004) examined intensive site preparation methods on soil
properties at the soil depth of 40-50 cm. But as it is vwvell knovvn, forest trees and
agricultural crops require different soil conditions for grovvth. For instance, grovvth of
trees is affected very much by the properties of subsoiis and not only topsoils. Since
annual agricultural crops generally grovv in topsoil as indicated in most of the related
publications (Ratliff and Denton, 1991; Barber et al.,, 1996; Salih et al., 1998;
Buschiazzo et al., 1998; Baumhardt and Jones, 2002). These stiidies conducted on
agricultural sites dealt with mostly topsoils.

As seen from the literatiire, most of the studies focused on topsoil and changes in
its Chemical content rather than deeper soil depth and its physical properties vvhich have
very important effect on vvater budget of the soils (McLaughlin et al., 2000; Merino et
al., 2004). Therefore, there is stili a lack of information about the relationn betvveen
mechanized subsoii preparation and physical properties of deeper soil layers, vvhich is
important as regards soil moisture conditions in forest sites. That is vvhy, studies
concerning the properties and preparation of deep soil layers are very much needed for
the purposes of establishment and management of industrial forestry pkintalions. The
objective of this study vvas to provide the comparative data concerning the relatiols
betvveen soil preparation from top to deeper layers and the changes of physical
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properties of soils observed during a 21 year rotation period of industrial forestry
plantations with Pinis pinaster (Aiton).

2. Material And Methods

2.1. Study area

Tltis study was condticted in the Kerpe district (41° 09" N, 30° 12" E) on the
coast of the izmit province in the Marmara region of Turkey (Fig.l). Size of the study
area was 2.2 heetare. According to the meteorological records from 1977 to 1984, mean
annual temperature and precipitation \vere 14.5 °C and 781.7 mm, respectively (Ayberk,
1985). Moderately fine-textured (loamy elay), deep and very rapid or moderately
permeable, organic matter content ranging from 0.50 % to 4.89 % and gravel free
inceptisols \vith a pl-l of 6.7 generated limestone, andesite, and trachyte vvere located on
the V-shaped topography with an average slope of 20 percent. During the study year of
1999, the area was covered with a 21 year old Piluts pinaster (Aiton) plantation.

2. 2. Experimental background

in 1978, Tolay et. al. (1982) carried out a study to determine the most suitable
mechanized soil preparation method for purpose of establishing industrial forestry
plantations in the Marmara region of Turkey. For the purpose, the existing unproductive
coppice vegetation consisted of the trees and the shrubs such as Quercuis spp., Castanea
sativel Miller, Carpinits betulus L., Tilia aigentea Desf. exDC., Launis nobilis L.,
Arbutius nncdo L., and Rilododendron sp. in the study area in Kerpe was cleared by
D85-A 12 Komatsu bulldozer (vvith a \veight of 21740 kg and mean pressure on the soil
surface was 0.76 kgem™, however, peak pressures can be 2 or 3 times the mean
pressure) equipped wvith a front rake, and then in November 1978, the soils vvere
prepared for planting in accordance wvith five different mechanized soil preparation
methods wvhicl vvere: 1) strip soil preparation (0-60 cm) wvvith rippers mounted to D 85-
A 12 Komatsu bulldozer (TI1), 2) strip soil preparation (0-45 cm) (as gradoni terraces)
wvith double pass of a tined plough (T2), 3) complete area topsoil preparation (0-30 cm)
with double pass of a heavy disk harrovv (T3), 4) complete area deep soil preparation
(30-60 cm) wvith rippers mounted to a Komatsu bulldozer follovved by a complete
topsoil preparation (0-30 cm) wvith a heavy disk harrovv (T4), 5) control plantation plots
cleared wvith a rake mounted to a Komatsu bulldozer vvhere no soil preparation operation
wvas carried out follovving elearing of the coppice cover (0-30 cm) (C). The experimental
design is the same as explained in the seetion belovv. Soil sampling procedures vvere
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Figure 1. Location of the study area
Sekil 1. Calisma alaninin yeri

conducted three times in three different stages vvithin November J978 vvhich were soil
sampling before elearing the vegetation, soil sampling just after elearing the vegetation
and soil sampling just after soil preparation. In each stage of soil samplings, a separate
soil pit vvas dug in each plot and the pits vvere divided into five different depth layers as
0-15, 15-30, 30-45, 45-60 and 60-90 centimetre. Then, two soil core samples (with a
height of 6.2 cm and diameter of 7.9 cm) vvere taken from each layer. Thus, altogether
six hundred soil samples vvere collected (20 plots x 3 pits x 5 layers x 2 soil core
samples) and analyzed for soil texture, bulk density, total porosity, air-filled pore space,
maximum vvater-holding capacity, permeability and moisture equivalent. One-year old
Pinus pinaster (Aiton) seedlings vvere planted in each plot with 2x3 m spacings (total
200 seedlings) during a period from December 1978 to March 1979. In November 1986,
a similar procedure for soil sampling and analyses (excluding the depth layer of 60-90
cm) vvere repeated in the study area, and the results of this research vvere published
(Hizal et al., 1991).

2. 3. Experiniental design and statistical analyses

The experiment vvas laid out in a randomized complete block design with 4
replications. Each block ineluded five treatment plots (20 plots in total, each 912 m2-
38 x 24 m, excluding buffers-in size). In November 1999, the soil pits vvere dug in each
treatment plot and twvo sets of soil core samples vvere collected from each of four depth
layers (0-15, 15-30, 30-45, 45-60 cm), one hundered sixty soil samples (20 plots x 4
depth layers x 2 soil core samples), vvere collected and analyzed for the soil texture,
bulk density, total porosity, air-filled pore space, maximum vvater-holding capacity,
permeability, and moisture equivalent. The data analyses vvere done using the ANOVA
and the Duncan’s Multiple Range Test (P<0.05). Prior to ANOVA, Arcsine
transformation vvas performed on data consisted of percentage values.
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2. 4. Laboratory analyses

Soil texture analyses were made on the basis of organic matter-free and oven-dry
soil samples less than 2 mm in diameter using the Bouyoucus hydrometer method
(Piper, 1950) and the international classification system vvas used to determine basic soil
textural elasses (Russel, 1961; Means and Parcher, 1965). These soil textural elasses
vvere then grouped into fine-textured soils wvith a elay content 40 % or more, moderately
Fine-textured soils wvith a elay content betvveen 27 % and 40 % and medium-textured
soils wvith a elay content betvveen 7 % and 27 % (Soil Survey Staff, 1951). Moisture
equivalent (field capacity) wvvas determined by means of IEC centrifuge at 1/3
atmospheric pressure (Kramer, 1949; Wilde, 1958; Thomson and Troeh, 1973; Ozhan,
2004). Bulk density vvas determined through the dven dry vveight of sample divided by
its volime. Total porosity wvas calciilated vvith the equiation of St = 100 (Dd - Db / Dd),
vvhere St = total porosity, Dd = partide density, and Db = bulk density (Ozhan, 2004;
Brady, 1990). Maximum vvater- holding (maximum retention) capacity wvas calculated
from the vveight of saturated core samples with the equation of MWHC = (Wj - Wo /
Wo) x 100, vwhere MWHC = maximium vvater - holding capacity, W| = vveight of
saturated soil core sample, and Wo = oven-dry vveight of the soil sample (Kramer, 1949;
Millar and Turlc, 1951; Thomsoh and Troeh, 1973; Brady, 1990). Air - filled pore space
was determined wvith the equation of S = St - (Pvv x Db), vvhere S = air-filled pore
space, St = total porosity, Pw= the vvater content at moisture equvailent (field capacity),
and Db = bulk density (Black et al., 1965). Permeability wvas measured from the
saturated core samples under a constant hydraulic head (Ozyuvaci, 1976), and partide
density (specific gravity) vvas determined by Pycnometer method (Gustafson, 1941).

3. Results

Only the results of physical soil properties vvhich vvere found to be statistically
significant such as texture, bulk density, total porosity, air-filled pore space and
maximum vvater-holding capacity vvere given in the seetions belovv.

3. 1. Texture

Until the year 1986, as regards 0-60 cm depth layers, the mean values for elay
content decleased significantly for ali treatments, except for T2 (Table 1). Significant
decreases vvere also observed for C and T4 treatments during the second period vvhich
ended in 1999. The percentage values for sand content significantly inereased in depth
layer of 0-60 cm for ali treatments by 1999. The significant differences observed for the
sand values betvveen the treatments in 1978 disappeared in the year 1986 (Table 1).
Significant inereases in the mean values for sand content vvere observed in ali depth
layers, throughout the study period from 1978 to 1986 and also to 1999, only an
insignificant inerease wvas observed for the soil layer of 30-45 cm depth during the
period from 19S6 to 1999 (Table 2). Moreover, in 1978, only the percentage value for
sand in the soil layer of 45-60 cm wvas significantly less compared to other layers.
Percentage values for sand content vvere statistically indifferent for the layers of 0-15,
15-30, and 30-45 cm in 1986, and for the layers of 15-30, 30-45, and 45-60 cm in 1999
(Table 2).



Changes in Physical Propcrlies of Soils 49

Table 1. Mean values (mean + Standard deviation) for clay and sand percentages by
treatments and years for a soil layer in depth of 0-60 cm.

Tablo 1. Yil ve uygulamalara gore 0-60 cm derinligindeki topraktaki kil ve kum
ylzdeleri (ortalama * standart sapma).

Treatments
Years
C T, T: T i4

Clay (%)
1978 48.32 + 11.92,l) 50.04 + 9.85* 36.92 + 8.66K 40.27 £9.47" 46.51 + 12.48“
1986 40.11 + 13.94" 37.24 +7.20¥ 33.23 + 7.54ld 30.08 £8.54] 36.49 + 7.45"v
1999 30.22 + 8.14d 34.05 + 7.25Kd 29.29i 10.49d 32.08 + 8.59%* 28.81 +8.49d

Sand (%)
1978 20,68 + 7.83* 19,44 +5.84c 29,32 £11. 1P 25,59 + 7.83"¢ 21,98 + 8.2id=
1986 34,70 £ 7.911 37,30 +4.89" 36,81 +5.50" 37,96 +6.21" 37,19 +4.76"
1999 48,09 £9.15" 44.28 +5.38“ 45.50 +9.64“ 46,06 + 8.74“ 47,84 + 8.08“

1 Means with different supcrscript Icttcrs vvithin tlie same columns and rovvs are statistically significant for each soil
property accorditig lo Duncan's Multiple Range Test (P<0.05).

3. 2. Bulk density

The mean bulk density value significantly increased from 1978 to 1986 in 0-60
cm depth layer for various treatments such as 0.23 g cm'3for T1, 0.20 g cm*3 for T2 and
0.26 g cm'3for T4 (Table 3). Although statistically not significant, slight decreases vvere
observed in the means of bulk density for the same treatments as mentioned above from
1986 to 1999. It means that the bulk density means estimated in 1999 for TI, T2 and T4
treatments wvvere stili higher than those estimated in 1978. On the other hand, increases
occurred from 1978 to 1999 in the mean bulk density values vvere not statistically
significant in 0-60 cm depth layers of the treatments C and T3 (Table 3). Significant
increases vvere observed betvveen 1978 and 1986 means of bulk density values for ali
soil depth layers. On the contrary, the bulk density means decreased from 1986 to 1999
for ali depth layers except the layer for 15-30 cm, although the decreases vvere not
statistically significant except for the layers of 0-15 cm and 45-60 cm (Table 2). As seen
from Table 2, the mean values for soil bulk density increased dovvnvvard in the soil
layers in ali sampling years, hovvever, increases vvere not alvvays statistically significant.

3. 3. Total porosity

The mean values of soil total porosity decreased from 1978 to 1986 for 0-60 cm
depth layers of ali treatments, but they increased from 1986 to 1999. Hovvever,
decreases for C and T3 treatments in 1986, and increases for C and Ti treatments in
1999 vvere not significant (Table 3).
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able 2. Mean values (mean + Standard deviation) for sand percentage, bulk density, air-filled pore space and maximum \vater-
olding capacity by years to represent varying soil depth layers.

ablo 2. Degisik toprak derinliklerindeki ortalama kum yiuzdesi, hacim agirhgi, bosluk hacmi ve maksimum su tutma kapasitesi
rtalama * standart sapma).

Depths (cm)

0-15 15-30 30-45 45-60
Sand (%)
1978 25.47 +8.34f)) 25.68 + 10.19f 23.45 + 8.34f 19.02 +7.4Ss
1986 38.91 +5.26d 36.63 £ 6.24 38.09 £6.21ck 33.53 £4.76¢e
1999 54.15 +7.58a 46.46 + 5.66b 42.57 + 6.25kc 42.24 + 7.59hc
Bulk density (g cm'3)
1978 0.97 £0.11" 1.11 +0.13fs 1.21 £0.19¢ce 1.26 £ 0.19d
1986 1.17 £ 0.17¢f 1.28+ 0.17bad 1.35 £ 0.13b 1.44 £ 0.10a
1999 1.05 + 0.09s 1.32+ 011k 1.30 £ 0.12kc 1.31 £0.12hkc
Air-filled pore space (%)
1978 35.95 + 6.24a 29.87 £ 7.39” 22.58 + 10.60d 20.03 + 10.69ak
1986 23.02 + 10.32¢ 16.55 + 8.67¢f 12.72 £7.48fs 6.76 + 4.76s
1999 29.74 + 7.19b 16.64 £6.99 cef 21.46 + 8.380k 16.93 + 7.630cf
Maximum water-holding capacity (%)
1978 47.74 £6.05a 40.04 £ 5.97b 34.76 + 7.31c 33.85 £5.56¢
1986 35.49 + 6.74c 31.89 +6.88d 29.70 + 4.96¢k 27.01 +4.12¢f
1999 30.57 + 7.46d 25.65 £ 551f 24.36 £3.59f 24.99 + 3.47f

Means \vith different superscript letters within the same columns and rovvs are statistically significant for each soil property according to
Duncan’s Multiple Range Test (P<0.05).
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le 3. Mean values (mean £ Standard deviation) for bulk density, total porosity, air-filled pore space and maximum water-holding
Icity by treatments and years to represent a soil layer in depth of 0 - 60 cm.

[0 3. 0-60 cm toprak derinligine ait ortalama hacim agirhigi, toplam bosluk hacmi, hava dolu gézenek hacmi ve maksimum su tutma
isitesi (ortalama + standart sapma).

vears Treatments
C T, T2 t3 t4
Bulk density (g cm'3)
1978 1.23+0.15hbcdl) 1.04 £ 0.13e 1.16 + 0.23d 1.22 + 0.18bd 1.04 + 0.19¢
1986 1.29 + 0.164x 1.27 £ 0.164axc 1.36 + 0.19a 1.32 £ 0.20a 1.30 £ 0.134dx
1999 1.24 + 0.10bod 1.24 + 0.17bcd 1.30+0.177 121 +0.16d 1.21 +0.18d
Total porosity (%)
1978 54.24 + 4 6lck 59.75 * 4.62a 55.62 + 8.52had 52.69 + 6.440dcf 58.54 + 7.97a&
1986 49.67 + 6.25¢f 50.38 + 6.100kf 47.44 £ 7.71fF 49.57 + 7.40°r 50.21 +4.37 dcf
1999 54.62 + 3.42bok 54.27 + 5.93bock 52.88 + 5.5 ddi 56.73 + 4.934dxc 55.80 + 6.5l axc
Air-filled pore space (%)
1978 23.71 £8.68hbdd 32.10 £7.99a 29.06+ 12.12dx 21.52 £9.45¢ 29.15 + 12.5Sa&
1986 12.72 +9.71g 17.07 + 9.65¢fy 13.68 + 12.50s 14.59 + 9.76fy 15.77 + 8.00fy
1999 21.48 £5.32dcf 18.96 + 10.83df 19.02 + 9.890ef 22.70 + 8.72ak 23.80 £+9.99d
Maximum vvater-holding capacity (%)
1978 36.48 £ 5.78b 43.01 £5.52a 36.73 + 9.88b 36.28 £9.21b 42.98 + 7.80a
1986 32.10 £6.22c 32.11 +5.98¢ 29.01 + 7.37cck 31.11 + 8.15d 30.77 + 4.4l
1999 27.17 £5.050ef 28.89 + 6.30ak 24.83 + 7.43f 25.81 +4.62cf 25.24 +7.55f

Means wvith different superscript letters vvithin the same columns and rovvs are statistically significant for each soil property
according to Duncan’s Multiple Range Test (P<0.05).
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3. 4. Air-filled pore space

The mean values for air-filled pore space estimated separately for the treatments
to represent 0-60 cm depth layers significantly decreased from 1978 to 19S6 (Table 3).
On the contrary, significant increases \vere observed for ali treatments except for T1 by
the year 1999. The increases observed in 1999 resulted to elose the differences betvveen
the air-filled pore space values of treatments C, T3 and T4 so as to be statistically
similar with the values estimated in 1978 \vhich was also the case for total porosity
(Table 3). Air-filled pore space of the soils significantly decreased for ali depth layers
from 197S to 1986. but increased from 1986 to 1999 except for the depth layer 15-30
cm (Table 2). Recoveries observed in the air-filled pore space values vvere not sufficient
in the twwo of upper soil depth layers so as to reach the 1978 levels. It was observed that
the air-filled pore space of the soils decreased dovvnvvard in the soil depth layers
according to estimations made in 1978 and in 1986. On the contrary, an irregular trend
of changes wvas observed in the air-filled pore space values among soil depth layers in
1999 due to the lowv levels in 15-30 cm depth (Table 2).

3. 5. Maximum \vater-holding capacity

Mean percentage values for soil maximum vvater-holding capacity to represent
soil depth layers of 0-60 cm significantly decreased from 1978 to 1999 for ali treatments
except for Tl (Table 3). Maximum vvater-holding capacity values significantly
decreased for ali depth layers from 1978 to 1999, except for the soil layer of 45-60 cm
for the period from 19S6 to 1999. In ali periods. the values of maximum vvater-holding
capacity for topsoils vvere greater than those for subsoils (Table 2).

4. Discussion
4.1. Texture

Similar to other soil properties, soil texture vvas examined and analysed in two
statistical phases: 1) To determine mean values for treatments x years to represent a soil
depth layer of 0-60 cm. Soil textural groups for the treatments T, T3 and T4 changed
from fine to moderately fine from 1978 to 1986. Clay (fine) and loamy clay (moderately
fine) soil texture remained the same for the treatments C (control) and T2 from 1978 to
1986, respeetively. Hovvever, the changes of the mean values of clay and sand for the
treatment C vvere significant from 1978 to 1986. But the soil textural group for this
treatment varied from the fine to the moderately fine in 21 years. The changes in soil
texture estimated for the treatment T2 did not result in a change in the soil textural
group, i.e.: soil texture remained as the moderately fine in 21 years. 2) To determine
mean values for the years (197S, 1986 and 1999) x soil depth layers (0-15, 15-30, 30-45
and 45-60 cm). Proportion of sand significantly increased in soil depth layer of 0-15 cm
in 21 years period, the soil texlural group for this layer changed from the moderately



Changcs in Physical Properties of Soils 53

fine lo medium (elay loam). Soil textural gronps in the depth layers of 15-30 cm and 30-
45 cm changed from the fine to the moderately fine from 1978 to 1986, \vhereas the
textural group in the soil depth of 45-60 cm changed from the fine to the moderately
fine in 21 years period from 1978 to 1999. The changes in the soil textural groups may
be related to leaching of the elay, since the climatic type of the study area is temperate
wvith an average annual rainfall of 781.7 mm and the soils are non-calcareous with an
average pH of 6.7. Kantarci (1987) stated that such site conditions are suitable for
leaching. In fact, average soil elay content ranged from 37 to 50 % in 1978 and it vvas
decreased to a level of 29 to 34 % by 1999. Also, factors such as alternate vvetting and
drying of soil, a system of maero voids vvithin the soil, absence of cements such as
sesquioxides and carbonates, pl-l values betvveen 4.S-6.5 support the elay translocation
(Northcliff, 1988). Besides, maeropores created by roots may also support leaching.
Huang (2000) also stated that pore size distribution and continuity is related to transport
of colloids. The mean values of elay content in the depths of 60-90 cm in the 17 out of
20 treatment plots vvere found greater than 45 %, vvhich shovvs that elay is leaehed from
the top to subsoil layers in 21 years. This process could be related to the formation of
small mieropores belovv the depth of rooting zone. As Brady and Weil (1999)
mentioned that the decrease in organic matter and inerease in elay content to be
observed dovvnvvaid in soils are associated wvith a shift from maeropores to mieropores.
Pyatt (1970) also stated that elay particles might be carried in colloidal solution
(suspension) by pereolating vvater from an upper layer and be deposited in a lovver layer,
thereby producing a more or less pronounced textural change vvithin the profile.

4. 2. Bulk density, total porosity, air-filled pore space and maximum
vvater-holding capacity

The differences in mean values of soil’s physical properties vvere not statistically
significant for the interaetion of years x depths x treatments but vvere significant for
years x depths interaetion vvhen the soil preparations applied 21 years ago. Although,
the soil preparations in November 1978 significantly affected the soil properties only in
the depth layer of 15-30 cm, the changes in the soil properties in other depth layers vvere
not statistically significant. Thus, total porosity, air-filled pore space, and maximum-
vvater holding capacity of soils in the depth layer inereased from 5i.19 lo 57.09 %, from
20.78 to 29.87 %, and from 33.14 to 40.04 %, respectively, and bulk density decreased
from 1.24 to 1.11 gram per cubic centimelre. On the other hand, data vvhich wvvere
determined before vegetation elearing and immediately after site preparations in the
study area indicated that the conditions of soil bulk density, total porosity, maximum
vvater-holding capacity, and air-filled pore space vvere improved for soils in 0-60 cm
depth layer by only the strip soil preparation (0-60 cm) wvith rippers mounted to D 85-A
12 Komatsu bulldozer (T1) and complete area deep soil preparation (30-60 cm) wvith
rippers mounted to D 85-A 12 Komatsu bulldozer foilovved by a complete topsoil
preparation (0-30 cm) wvith a heavy disk harrovv (T4). Tl and T4 treatments decreased
the bulk density from 1.17 to 1.04 (T1) and from 1.22 to 1.04 g cm'3 (T4). Also both
treatments inereased the total porosity, air-filled pore space, maximum vvater- holding
capacity and permeability from 54.83 lo 59.75 % (T1), from 51.71 to 58.54 % (T4);
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from 24.09 to 32.10 % (TI), from 19.61 to 29.15 % (T4); from 34.95 to 43.01 % (TI),
from 34.72 to 42.98 % (T4) and from 21.6 cmh'lto 28.32 cm h'1(TI), and from 5.51 cm
h'lto 64.16 cm h'1(T4), respeetively. Ho\vever, the mean values for bulk density and
for total porosity deteriorated for treatments TI, T2 and T4, vvhereas the mean values
for air-filled pore space became worse for ali treatments during the first 8 years period
from 1978 to 1986 (Table 3). Lutz (1952) stated that excessive disking follovved by
heavy rains frequently caused a very compact soil. The results also indicated that the
bulk density and total porosity did not deteriorate in time for the treatments vvhich
represent vegetation elearing (C) and elearing plus topsoil preparation (T3),
respeetively. Piatek et al. (2003), Ratliff and Denton (1991) stated that ground
(vegetation) elearing treatments did not significantly affect the bulk density. Changes in
soil properties due to topsoil preparation depend not only to treatments applied but also
to land preparation equipment used. For instance, it was found that the bulk density
values vvere greater in the areas treated wvith Bracke mounder (BR) and wvith v- Blade
compared to untreated control plot (Archibold et al., 2000). Kantarci (1982) pointed out
that an important inerease vvas observed in the bulk density of the soils 5 years after a
deep soil preparation (30-50 cm) wvith rippers follovved by a complete area topsoil
preparation with a heavy disk harrovv. Merino et al. (2004) found that the bulk density
values inereased significantly in the plots vvhere sealping and dovvn-slope ploughing
vvere employed and the effect wvas stili apparent after 9 years. Furthermore, Barber et al.
(1996) stated that the soil compaction caused a 30 % decrease in aeration capacity.
Brady and Weil (1999) also mentioned that the effects of subsoiling wvvere quite
temporary in many soils. Moreover, the effects of deep tillage on heavy elay soils can be
usually temporary, often disappearing vvithin the first year (Unger, 1984). The bulk
density for T3, total porosity for T2, T3 and T4, and air-filled pore space for C, T2, T3
and T4 treatments recovered from 1986 to 1999, and these properties reached the initial
values estimated in 1978 except for air-filled pore space for T2 and T3 treatments
(Table 3). The results indicate that the recovery in the bulk density, total porosity and
air-filled pore space observed by years vvere generally better for treatments C (the
control), T3 (complete area topsoil preparation), and T4 (complete top + deep soil
preparations) than those for treatments T2 (strip topsoil preparation), and T (strip deep
soil preparation). The reason for better recovery observed in the treatment plots might
be the less compaction of soils due to topsoil preparation, thus, more compaction wvas
observed vvhen topsoils and subsoils vvere prepared on strips. Bulk density and air-filled
pore space also significantly deteriorated in the soils for the depth layers of 0-15, 15-30,
30-45, and 45-60 cm from 1978 to 1986. Compared to the conditions of 1986, the bulk
density in the soil layers of 0-15 cm and 45-60 cm, and air-filled pore space in 0-15, 30-
45 and 45-60 cm soil depths also significantly recovered by 1999 (Table 2). The soil
properties mentioned above reached the initial values of 1978 in the same soil depth
layers, except for air-filled pore space in the depth of 0-15 cm. The recovery observed in
soil properties in time could be a consequence of root grovvth and, litter acciimulation
during the study period from 1986 to 1999. Mean thickness of the forest floor deposited
in 21 years was 5.8 cm (leaf: 2.6 cm, fermentation: 1.1 cm, and humus: 2.1 cm).
Crocker (1967) found out that there has been a rapid change from initial values of bulk
density of about 1.5-1.6 g cm'3to final values as lovv as 0.5 g cm'3in the surface horizon
because of the presence of plant roots and residues and their associated mierofloras.
Russell (1961) also reported that some roots vvere such strong grovvers that they could
penetrate even quite compact subsoil, and hence a succession of such crops could
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improve the drainage or aeration of subsoil. On the other hand, the maximum vvater-
holding capacities deteriorated in 0-60 cm depth layer for ali the treatments plots, and in
ali sampling depths (the soil depth layers of 0-15 cm, 15-30 cm, 30-45 cm and 45-60
cm) from 1978 to 1986 (Tables 2, 3). The deteriorations in the maximum water-holding
capacity continued in soils by 1999, except for T| treatment plot and for soil depth of
45-60 cm. The greatest clay percentages were determined in T1 plot and in the soil
depth layer of 45-60 cm. This situation may explain vvhy the deteriorations in the vvater-
holding capacity did not continue for the soils in this treatment and depth. The
deteriorations in the maximum vvater-holding capacities of soils for ali depth layers and
ali treatments except 45-60 cm depth layer and Ti treatment may be related to leaching
of clay particles.

5. Conclusion

Changes in soil the texture, bulk density, total porosity, air-filled pore space,
maximum vvater-holding capacity, permeability and moisture equivalent vvere
investigated in this study. Apart from the permeability and moisture equivalent, other
soil properties changed in time. For example, fine-textured soils both in 0-60 cm depth
layers of ali treatments plots (except T2), and in 15-30, 30-45 and 45-60 cm of the soils
changed to moderately line- textured soils vvithin a period of 21 years (from 1978 to
1999). The bulk density, air-filled pore space, maximum vvater-holding capacity and
total porosity in 0-60 cm depth layers of the treatment plots, and of these, the first three
properties in 0-15, 15-30, 30-45 and 45-60 cm depth layers of the soils also deteriorated
during the first 8 years period (from 1978 to 1986) follovving the application of the
treatments. Except maximum vvater-holding capacity, other properties mentioned above
improved during the study period from 1986 to 1999 by the grovvth of Piilus pinaster
(Aiton) trees. The changes in the moisture equivalent and permeability of soils vvere not
found to be significant. On the other hand, as regards soil properties, significant
differences observed betvveen the treatments disappeared after a period of 8 years,
hovvever, there vvere no significant differences among the treatments in terms of tree
grovvth in 21 years (Hizal et al. 2002).

Soil preparation constitutes a significant portion of afforestation expenses. Deep
soil preparation has been the basic method in the establishment of intensive plantations
in Turkey, in order to stimulate plant grovvth by improving the physical soil properties.
This study shovvs that mechanized topsoil preparation methods should be preferred to
mechanized deep soil preparation prior to establishing industrial forestry plantations in
similar site conditions wvith the Kerpe study area, in the absence of.an impermeable soil
layer. To do this, physical soil properties of an afforestation site should be investigated
thoroughly before deciding the site preparation method.
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Kisa Ozet

Bu calismada Kerpe arastirma ormaninda 1978 yilinda Pinus pinaster
(Aiton) agaclandirma sahalarinda uygulanan farkli makineli toprak hazirlama
metotlarinin topraklarin fiziksel Ozellikleri UGzerine olan etkileri arastiriimistir.
Calismada 5 farkli makineli toprak isleme metodu kullaniimistir. Bunlar; 1) D 85
-A 12 Komatsi buldozerin arkasina eklenmis dip kazanlar (riper) ile seritler
halinde toprak islemesi (0-60 cm) 2) Dip kazan pulluk ile seritler seklinde gift
struslt gradoni tesisi 3) agir diskaro ile tam alanda iki gegisli Ust toprak (0-30 cm
derinlikte) islemesi 4) komatsu buldozerin arkasina takilmis dip kazanlar ile tam
alanda derin toprak islemesi (30-60 cm) ve bunu takiben agir diskaro ile tam
alanda iki gecisli Ust toprak islemesi 5) komatsu buldozerine takilmis tarak ile bitki
ortasunun temizlenmesi (kontrol parselleri). Toprak isleme ¢alismalarindan 21 yil
sonra (1999 yili) sahadan alinan toprak drnekleri Gzerinde tekstur, hacim agirhgi,
toplam bosluk hacmi, hava kapasitesi, maksimum su tutma kapasitesi, gegirgenlik
ve nem ekivalani dlgcimleri yapilmistir. Sonuclar, bu c¢alismadan 06nce ayni
arastirma alaninda 1978 ve 1986 yillarinda yapilan calismalarin ayni toprak
Ozellikleri ile ilgili sonuclariyla karsilastirilmistir.

Sonuglar; 0-60 cm derinlik kademesindeki topraklarin tekstirlerinin 2.
islem parseli haric, diger islem parsellerinin tamaminda 21 yil icerisinde inceden
orta inceye degistigini gostermistir. 0-60 cm derinlik kademesindeki topraklarin
makineli toprak islemeleri ile hacim agirligi, maksimum su tutma kapasitesi, hava
kapasitesi ve toplam bosluk hacmi dederlerinde meydana gelen iyilesmeler, kontrol
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ve 3. islem parsellerinin hacim agirhiklari ve toplam bosluk hacimleri hari¢ diger
islem parsellerinde ilk sekiz yilda (1978-1986) bozulmustur. Ayni siirede 0-15 cm,
15-30 cm, 30-45 cm ve 45-60 cm derinlik kademeleri dikkate alindiginda yukarida
belirtilen ilk ¢ 6zellikte istatistiki anlamda énemli bozulmalar meydana gelmistir.
Bununla birlikte topraklarin toplam bosluk hacimleri 2., 3. ve 4., hava kapasitesi
kontrol, 2., 3. ve 4., islem parsellerinin 0-60 cm lik derinlik kademelerinde 1986
dan 1999 yilina kadar gecen siirede iyilesmistir. Son 13 yilda (1986-1999) 0-15 cm
ile 45-60 cm derinlik kademelerinin hacim agirhgi; 0-15cm, 30-45 ve 45-60 cm
derinlik kademelerinin hava kapasitesi degerlerinde olumlu ydnde iyilesmeler
ortaya cikmistir. Agaclandirmanin 21 yillik rotasyon suresinde topraklarin
maksimum su tutma kapasitelerinde dnemli bozulmalarin meydana gelmesine
karsilik nem ekivalani ve gecirgenlik degerlerinde ©6nemli bir farkhhk
saptanamamistir. Bu arastirmanin diger bir sonucu da, topraklarin fiziksel
ozelliklerinde farkli makineli toprak isleme metotlar ile meydana getirilen ve
istatistiki anlamda 6nemli olan farkliliklarin toprak islemelerinden itibaren gecen
8 yillik bir zaman siiresinde ortadan kalktiginin belirlenmis olmasidir.

Anahtar Kelimeler: Pinus pinaster (Aiton), fiziksel toprak ozellikleri, rotasyon siresi,
toprak tekstiri, toprak isleme metotlari
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