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ABSTRACT

In this study, some physico-chemical and mechanical properties and appropriate moisture levels for
workability of soil series in Bilecik Seyh Edebali University Campus area in Turkey were determined.
Soil samples were taken from 0 - 20 cm depth of 20 different points in Giilimbe and Asagikdy series.
Soils in the Gilimbe were clay (C) and clay loam (CL) in texture with a mean bulk density of 1.05 g
cm?, saturated hydraulic conductivity of 0.66 cm ht, slightly alkaline (pH=7.74), medium soil organic
matter (SOM) (2.01%), high lime (17.08%), insufficient available phosphorus (1.92 kg P20s da™l),
sufficient available potassium (88.54 kg K20 da?), cation exchange capacity (CEC) of 37.71 cmol kg,
insufficient available Fe (2.35 mg kg?) and available Mn (5.18 mg kg, sufficient available Zn (1.81
mg kg*) and available Cu (1.00 mg kg™) contents. Soils in the Asagikdy were loamy (L) and sand-clay-
loam (SCL) in texture with a bulk density of 1.31 g cm3, saturated hydraulic conductivity of 2.32 cm h
1, slightly alkaline (pH=7.74), low organic matter (1.81%), medium lime (6.75%), high available
phosphorus (18.76 kg P20s dal), sufficient available potassium (133.94 kg K20 da'), CEC of 25.26
cmol kg, sufficient available Fe (5.67 mg kg™) and available Cu (2.57 mg kg1), insufficient available
Mn (3.21 mg kg?1) and available Zn (0.66 mg kg?) contents. While the highest liquid limit (LL)
(68.17%) and plastic limit (PL) (31.49%) values were determined in Guliimbe series with the highest
clay content and the lowest LL (46.50%) and PL (24.80%) values were in AsagikOy series with the
lowest clay content. Plasticity index (PI) of the soils in Giilimbe and AsagikOy series respectively
varied between 32.73 - 40.26% with a mean of 36.17% and between 21.70 - 28.0% with a mean of
24.73%. Based on LL and PI values, Guliimbe soils were classified as “highly plastic inorganic clays”
and Asagikoy soils were classified as “moderately plastic inorganic clays”. LL values of the soils had
significant correlations with clay (0.88™), sand (-0.71%), PL (0.75""), PI (0.89™), consistency index
(0.57%), SOM (0.62"), CEC (0.75™) and available K20 (0.54"). The upper and lower moisture limits for
optimum tillage were recommended as 29.15 - 23.50% for Giilimbe series and as 24.95 - 21.24% for
Asagikdy series. It was concluded that campus soils could be cultivated at field capacity without any
structural deformations because of the consistency index values were between 0.75 - 1.00.

Bilecik Seyh Edebali Universitesi Kampiis Topraklarmin Bazi Fiziko-Kimyasal ve
Mekaniksel Ozellikleri ve Islenebilirlikleri

OZET

Bu calismada, Bilecik Seyh Edebali Universitesi Kampiis alaminda yer alan toprak serilerinin bazi
fiziko-kimyasal ve mekaniksel 6zellikleri ve islenebilirlikleri i¢in uygun nem diizeyleri belirlenmistir.
Giilimbe ve Asagikdy toprak serilerinden 0-20 cm derinlikten 20 farkli noktadan toprak ornekleri
alinmistir. Giilimbe serisindeki topraklar killi (C) ve killi tin (CL) biinyeli, ortalama hacim agirlig
1.05 g cm3, doygun hidrolik iletkenlik degeri 0.66 cm h, hafif alkalin (pH=7.74), orta diizeyde organik
madde (%2.01), yiiksek diizeyde kire¢ (%17.08), yetersiz diizeyde elverisli fosfor (1.92 kg P2Os dat),
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yeterli diizeyde elverisli potasyum (88.54 kg K20 da?), katyon degisim kapasitesi 37.71 cmol kg, Killerin aktivitesi
yetersiz diizeyde elverisli Fe (2.35 mg kg™*) ve Mn (5.18 mg kg™t), yeterli diizeyde elverisli Zn (1.81 mg Toprak islenebilirligi
kgl) ve Cu (1.00 mg kg?) icermektedir. Asagikoy serisindeki topraklar tinli (L) ve kumlu killi tin

(SCL) tekstiirlii, ortalama hacim agirhg: 1.31 g cm™, doygun hidrolik iletkenlik degeri 2.32 ¢m h?, hafif

alkalin (pH=7.74), diisiik diizeyde organik madde (1.81%), orta diizeyde kire¢ (6.75%), yiksek diizeyde

elverigli fosfor (18.76 kg P20s da?), yeterli diizeyde elverisli potasyum (133.94 kg K20 da?), katyon

degisim kapasitesi 25.26 cmol kg, yeterli diizeyde elverisli Fe (5.67 mg kg*) ve Cu (2.57 mg kg),

yetersiz dlizeyde elverisli Mn (3.21 mg kg?) ve Zn (0.66 mg kg™) icermektedir. En yuksek likit limit

(LL) (%68.17) ve plastik limit (PL) (%31.49) degerleri en yiiksek kil icerigine sahip olan Giiliimbe

serisinde belirlenirken, en diisiik LL (%46.50) ve PL (%24.80) degerleri en diisiik kil icerigine sahip

olan Asagikdy serisinde belirlenmistir. Giilimbe and Asagikdy serilerinde topraklarin plastiklik indeksi

(PT) sirastyla %32.73 - 40.26 arasinda olup ortalama %36.17 ve %21.70 - 28.0 arasinda olup ortalama

%24.73’tlr. LL ve Pl degerlerine gore, Glilimbe serisine ait topraklar “fazla plastik inorganik killer”

grubuna ve AsagikOy serisine ait topraklar ise “orta derecede plastik inorganik killer” grubunda

siniflandirilmugtir. Topraklarin LL degerleri kil (0.88™), kum (-0.71%), PL (0.75™), PI (0.89™), kivam

ideksi (0.57%), organik madde (0.62"), katyon degisim kapasitesi (0.75""), elverisli potasyum (0.54%) ile

6nemli korelasyonlar gostermistir. Giilimbe ve Asagikoy serilerindeki topraklarin optimum islenmeleri

icin en uygun nem dizeyinin st ve alt sinirt sirasiyla %29.15 - 23.50 ve %24.95 - 21.24 olarak

belirlenmistir. Bilecik Seyh Edebali Universitesi Kampiis alanindaki topraklarm kivam indeksi

degerlerinin 0.75 ile 1.00 arasinda olmasi nedeniyle toprak striiktiiriinde bozulmalara neden olmadan

tarla kapasitesindeki nem diizeylerinde islenmelerinin uygun olacag: belirlenmistir. © OMU ANAJAS 2021

1. Introduction

Soil behaviors in agricultural and engineering practices are largely dominated by physical characteristics (Phogat
et al., 2015). Such physical characteristics directly influence penetration of the roots deep into soil profile, soil water
holding capacity, available nutrients, soil aeration and heat diffusion. Soil other characteristics like chemical and
biological characteristics are also designated by physical characteristics (Chris Sheba et al., 2019). Texture and
structure are the most significant physical characteristics of the soils. While texture implies the relative proportion of
each sand, silt and clay particles, structure implies the arrangement of induvial individual particles. Both parameters
designate soil porosity and pore size distribution. Soil pores then directly influence soil air-water-heat relationships.
Soil texture is an inherent characteristic, but structure can be altered through various processes and implementations.
Soil tillage may alter soil structure, so cultural practices should be conducted at proper soil moistures to prevent
possible destructions in soil structure.

Plant growth and development are largely influenced by several physicochemical and biological characteristics
of the soils. Soil quality for plant growth and development is designated by soil aeration and temperature. These
parameters are largely dominated by soil moisture (Phogat et al., 2015). Soil structure is assessed through various
factors including porosity, infiltration rate, hydraulic conductivity, bulk density, level of compaction, soil moisture
and aeration. Aggregate stability and particle size distribution, especially the quantity of macro (>250 mm) and
micro (<250 mm) aggregates have significant effects on porosity, pore sizes and continuity or discontinuity of the
pores (Six et al., 2004). As compared to micro aggregates, macro aggregates generally have greater organic matter
and nutrient contents. Macro aggregates are less prone to soil erosion, may generate larger pores, thus offer better
aeration and infiltration conditions (Niewczas and Witkowska-Walczak, 2003). Then, for better quality, soils are
desired to have greater quantity of stable macro aggregates (Buczko and Bens, 2006).

Soil compaction alters aeration and infiltration conditions of the soils. Soil tillage induces soil compaction when
performed at improper soil moistures. Thus, tillage should be practiced at optimum soil moisture levels. In soil
mechanics, optimum water content is the water content at which the maximum dry unit weight was achieved under
certain quantity of compactive effort. However, the term in soil tillage (optimum water content for tillage- OPT) is
defined as the water content at which tillage produces the greatest proportion of small aggregates. Soil tillage at
wetter or drier side of the optimum moisture may generate damages in soil structure and aggregate stability. In case
of soil tillage at wetter side of optimum, structural damages are encountered through production of larger clods. In
case of soil tillage at drier side of optimum, greater quantity of energy is needed to overcome the shear strength or
friction among the soil particles. OPT is generally related to consistency limits, so called as Atterberg Limits, of the
soils. Atterberg limits are a basic measure of critical soil moisture contents of fine-grained soils and include liquid
limit (LL), plastic limit (PL) and shrinkage limit (SL). Soil texture (sand, silt and clay contents) and organic matter
content greatly influence consistency limits of the soils (Lal and Shukla, 2004). Atterberg limits are commonly used
to predict soil shear strength (Sharma and Bora, 2003), compressibility (Ball et al., 2000) and mechanical behavior
(Campbell et al., 1980). LL and PL are especially used in estimation of mechanical behavior of fine-grained soils
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and these limits reveal significant information about soil particles, organic matter, clay mineralogy and
physicochemical characteristics of the soils (Soane et al., 1972).

Workability implies the desired soil conditions for tillage. It refers to soil conditions at which tillage could be
practiced without causing any structural damages. Workability largely depends on tillage methods, organic matter
content, soil moisture content, soil texture and bulk density. Therefore, soil workability is directly related to
consistency limits (Kezdi, 1969). Soils are considered to be workable when the tillage operations are executed
without any structural damage or compaction (Rounsevell, 1993).

Soil fertility implies the ability of a soil to sustain plant growth and development. It is quite a complex quality
criterion for soils and closely related to available nutrients of the soils. A fertile soil has sufficient depth for
sufficient root growth, adequate water holding capacity, well natural drainage, sufficient aeration, available essential
nutrients and organic matter content. Maintenance of soil fertility requires proper management of nutrient supply
and availability through fertilization and soil conservation practices. Soil fertility management offers optimization of
plant nutrition and ultimately serves for sustainability of agricultural practices (FAO, 2006). Preservation and
sustainability of soil fertility will be possible through identification of soil physical, chemical and biological
characteristics and improvement of these characteristics with physical, chemical and horticultural practices
(Tumsavas, 2002). Therefore, soil fertility and characteristics should be identified and soils then be used and
managed accordingly. This study was conducted to determine physico-chemical and mechanical characteristics and
workability of soil series in Bilecik Seyh Edebali University campus.

2. Materials and Methods

Soil samples taken from 0 - 20 ¢m soil profile of 20 different points in Bilecik Seyh Edebali University Campus
field, Turkey constituted the soil material of the present study. Samples were brought to laboratory in placed bags.
Samples were air-dried under room temperature. Air-dried samples were then passed through 4 and 2 mm sieves
before the analyses. Soil particle size distribution (sand, silt and clay contents) was analyzed with the use of
hydrometer test (Demiralay, 1993). A pressure plate apparatus was used to determine soil moisture at field capacity
(FC) and permanent wilting point (PWP) (Hillel, 1982). Available water content (AWC) was then calculated as the
difference between FC and PWP (Hillel, 1982). Soil bulk density (BD) was identified as described by Tiziiner
(1990). Soil total porosity was determined with the aid of Equation 1 as described in Ttzlner (1990);

F=1-(BD/2.65)x 100........... 1)

Where; F is total porosity, %; BD is bulk density, g cm=3. A value of 2.65 g cm?3 is an adequate estimate of
particle density for moist soils.

Structural stability index (SSI) was calculated with the aid of hydrometer data by using Equation 2 (Leo, 1963):

Where; SSI = Soil Stability Index, b = clay fraction (%) and a = silt + clay fraction (%).
A wet-sieving apparatus was used to determine aggregate stability (AS) (Kemper and Rosenau, 1986). A

constant-head permeameter, generally used for fine-grained soils, was used to determine saturated hydraulic
conductivity (Ks) of the samples by using Equation 3 (US Salinity Lab. Staff, 1954);

R

Where; Ks is saturated hydraulic conductivity, cm h; Q is effluent discharge from the soil column, cm3; A is
cross-sectional area of soil column, cm?; t is time passed, hours; S is length of soil column, cm; H is water head over
the soil column, cm.

Mean weight diameter was calculated with the aid of dry sieving (from 2.00, 1.00, 0.50, 0.25, 0.106 and 0.053
mm sieves) data by using Equation 4 as described in (Hillel, 1982);
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Where; MWD is mean weight diameter, mm; x is mean diameter of a particular size range, mm; W(i) is weight
of a particular size range.

Soil consistency limits (Liquid Limit — LL, Plastic Limit — PL) were determined in accordance with Black
(1965). Plasticity Index (PI) was calculated as Pl = LL — PL. Equation 5 was used to calculate the consistency index
(Ic) with the use of LL, water content (W) and PI (Baumgartl, 2002);

Ic=(LL-W) /Pl (5)
Eq. 6 (Baumgartl, 2002) was used to calculate the activity of clays (A):
A= Pl / (% clay content).............. (6)

Soil pH values were measured with a pH meter and electrical conductivity (EC) values were measured with an
EC-meter (Richard, 1954). Scheibler calcimeter was used to determine soil lime contents (Soil Survey Staff 2014).
Modified Walkley-Black method was used to determine soil organic matter (SOM) content (Kacar, 1994). Soil
available P contents were determined through extraction with 0.5 M NaHCOs; (pH =8.5) (Olsen et al., 1954).
Samples were extracted with NH4OAc. (pH=7.0) to get soil available potassium contents (Jackson, 1958). Cation
exchange capacity (CEC) values were determined as described by Richard (1954). Micronutrients were determined
in a spectrophotomer with the use of DTPA- extraction (Kacar, 1994). Available calcium and magnesium were
determined according to Jackson (1958). Correlations between the investigated parameters were tested with the use
of Pearson’s correlation method (SPSS 19.0, SPSS Inc., 2011).

3. Results and Discussion
3.1 Soil physical characteristics

Descriptive statistics for physical and mechanical characteristics of soil series in Bilecik Seyh Edebali University
Campus were given in Table 1. For Guliimbe soil series, clay contents varied between 34.99 - 47.38%, silt contents
between 19.58 - 29.83% and sand contents between 30.04 - 40.03%. For Asagikdy soil series, clay contents varied
between 19.31 - 31.90%, silt contents between 20.50 - 46.43% and sand contents between 34.26 - 56.71%.
According to Soil Survey Division Staff (1993), Gilimbe series were classified as clay (C) and clay-loam (CL) and
Asagikoy series were classified as loam (L) and sandy-clay-loam (SCL). Soil texture significantly influence water
holding capacity, consistency limits, CEC and erosion susceptibility of the soils (Berry et al., 2007). In this study,
clay contents had significant correlations with BD (-0.70**), AS (0.75**), LL (0.88**), PI (0.85**), SOM (0.63*)
and CEC (0.87**) (Table 4).

Bulk density (BD) of the soils varied between in 0.87 - 1.19 gr cm in Gulimbe series and between 1.20 - 1.44
gr cm? in Asagikdy series. Bulk density is used as a well indicator of soil compaction, thus it reveals significant
information about porosity, infiltration and soil moisture (USDA, 1987). Bulk density also designates soil fertility
and productivity (Nyéki et al., 2017). It is largely dependent on texture, OM, soil minerals (Brady, 1990). In this
study, BD had significant correlations with clay (-0.70**), sand (0.75**), FC (-0.88**), PWP (-0.97**), AS (-
0.76**), total F (-0.99**), Ks (-0.69%*), MWD (-0.86**) and PI (-0.67**) (Table 4). Ideal BD values for root growth
were reported as <1.10 g cm™ for fine-grained (clay) soils and as < 1.40 g cm™ for loamy soils (Soil Qual. Staff,
1999). Gilimbe soils were clay in texture and average bulk density (1.05 g cm™) was lower than the ideal value;
Asagikdy soils were loam in texture and again average bulk density (1.31 g cm®) was also lower than the ideal
value. Such values indicated that present soil series were under risk of compaction unless cultivated at proper soil
moistures.
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Table 1. Descriptive statistics for physical and mechanical characteristics

Parameters Gulumbe Asagikoy
Min. Max. Mean SD  Skewness Kurtosis CV, % Min.  Max. Mean SD  Skewness Kurtosis CV, %
Sand, % 30.04 40.03 33.61 3.90 0.88 -0.12 11.61 3426 56.71 4435 7.59 0.20 0.04 17.10
Silt, % 19.58 29.83 24.68 3.93 0.10 -1.50 15.94 2050 46.43 3214 9.5 0.28 -0.50 28.47
Clay, % 34.99 4738 4172 4.88 -0.46 -1.52 11.69 19.31 31.90 2351 4.08 1.68 3.59 17.35
BD, gr cm?® 0.87 1.19 1.05 0.11 -0.53 0.72 10.55 1.20 1.44 1.31 0.09 0.65 -1.06 7.11
FC, % 27.64 31.60 29.15 1.89 0.88 -1.90 6.48 20.64 2632 2495 1.98 0.53 -0.57 8.56
PWP, % 1456 19.60 16.33 1.89 1.19 0.83 11.58 8.11 11.75 9.89 1.36 -0.21 -1.01 13.71
AWC, % 1147 1420 1282 0.99 -0.11 -0.67 7.73 1154 1457 1327 1.03 -0.66 -0.09 7.76
AS, % 55.24 76.73 66.42 7.72 -0.33 -0.52 11.63 20.08 46.22 26.31 9.83 2.36 5.69 37.36
Total F, % 5492 67.25 60.33 4.28 0.50 0.61 7.10 4554 5453 5059 351 -0.68 -1.07 6.94
Ks, cm ht 0.04 1.85 0.66 0.68 1.16 1.30 104.13 1.76 2.89 232 043 0.39 -1.03 18.63
SSI, % 36.45 59.36 54.02 8.74 -2.29 5.36 16.18 1485 31.90 19.77 6.11 1.57 2.33 30.89
> 2-1 32.36 5258 4098 6.87 0.76 1.34 16.76 2332 3354 2940 3.76 -0.65 -0.71 12.77
% E 1-0.50 22.06 30.15 26.89 2097 -0.61 0.33 11.06 19.88 24.44 23.04 159 -1.59 2.36 6.90
z E 0.50-0.25 19.68 39.38 30.49 7.52 -0.05 -0.87 24.67 30.29 52.80 4283 6.77 -0.70 2.34 15.81
% 5 0.25-0.106 0.01 0.04 0.02 0.01 0.71 -2.05 67.83 0.01 12.60 277 4.90 1.77 245 176.96
gg 0.106-0.053 0.37 2.89 157 1.01 -0.28 -1.37 64.32 0.47 4.23 175 171 1.18 -0.88 97.68
<= 0.053> 0.01 0.11 0.05 0.04 0.64 -1.96 84.24 0.05 0.86 0.21 0.29 2.49 6.34 138.53
MWD, mm 0.82 1.06 0.93 0.08 0.35 -0.11 8.99 0.70 0.83 0.78 0.05 -0.49 -1.34 6.56
LL, % 61.23 68.17 65.09 3.18 -0.12 -2.86 4.88 46.50 53.00 49.68 241 0.19 -1.54 4.85
PL, % 2791 3149 2892 156 1.23 -0.33 5.40 2480 25.01 2495 0.08 -1.36 1.38 0.31
Pl, % 3273 4026 36.17 3.22 0.36 -2.08 8.89 21.70 28.00 24.73 2.36 0.23 -1.64 9.55
Ic (at FC) 0.89 1.11 0.95 0.09 0.08 -1.43 8.66 0.95 1.16 0.99 0.08 -0.70 -0.78 7.29
A 0.78 1.09 0.88 0.12 1.48 1.60 13.55 0.82 1.18 1.07 0.12 -1.76 3.50 11.19

BD: Bulk density, FC: Field capacity, PWP: Permanent wilting point, AWC: Available water content, AS: Aggregate stability, Total F = Total porosity, Ks: Saturated
hydraulic conductivity, SSI: Structural stability index, MWD: Mean weight diameter, LL: Liquid limit, PL: Plastic limit, PI: Plasticity index, Ic: Index of consistency, A:

activity of clays.
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Total porosity (F) values varied between 54.92 - 67.25% in Guliimbe series and between 45.54 - 54.53% in
Asagikoy series. Phogat et al. (2015) indicated that total F values should be between 30-45% for sandy soils,
between 40-55% for loamy soils and between 45-60% for clay soils. Although coarse-textured soils have larger
pores, total porosity is greater in fine-textured soils. However, total porosity of fine-textured soils greatly varies
since these soils often undergo wet-dry cycles, thus subjected to continuous swell-shrink and aggregation-dispersion
processes. Total porosity is directly dependent on soil texture and structure, but various other factors including OM,
bulk density and tillage may have indirect effects on total porosity (Phogat et al., 2015). In this study, total porosity
had significant correlations with BD (-0.99**), FC (0.88**), PWP (0.97**), AS (0.76**), Ks (0.67*), MWD
(0.86**) and PI (0.69*) (Table 4).

Mean weight diameters (MWD) varied between 0.82 - 1.06 mm in Gulumbe series and between 0.70 - 0.83 mm
in Asagikoy series. Mean weight diameter reveals the weight of each size group and values of > 0.25 mm are desired
for reliable plant growth and development. It is a measure of aggregate stability and an index of anaerobic condition,
compaction, erosion risk and surface crust (Cooper, 2011). Furthermore Garcia et al. (2018) indicated that aggregate
stability had significant effects on soil productivity, erosion and degradation. In present study, MWD had significant
correlations with clay (0.84**), BD (-0.86**), FC (0.67*), PWP (0.83**), AS (0.75**), total F (0.86**), Ks
(0.79**), SSI (0.71**), LL (0.79**), PL (0.67**) and PI (0.74**) (Table 4).

Aggregate stability (AS) of the soils varied between 55.24 - 76.73% in Gilumbe series and between 20.08 -
46.22% in AsagikOy series. AS is a significant quality indicator of soils and largely dependent on soil OM and
microbial activity. Soil aggregation and resultant aggregate stability significantly influence soil infiltration rates,
water holding capacity, aeration and availability of essential nutrients (Pirmoradian et al., 2005; Six et al., 2004). In
this study, AS had significant correlations with clay content (0.75**), BD (-0.76**), PWP (0.82**), total F (0.76**),
Ks (0.74**), SSI (0.64*), MWD (0.75**) and Pl (0.61*) (Table 4). AS designate soil resistance to mechanical
impacts like rainfall and runoff and to water erosion (Canasveras et al., 2010).

Available water content (AWC) values varied between 11.47 — 14.20% in Gulimbe series and between 11.54 —
14.57% in Asagikoy series. AWC is an indicator of the amount of water held at field capacity that can be lost
through evapotranspiration and theoretically used by plants. Soil texture, depth and potential impervious barriers
have significant effects on AWC. Available water content is also highly correlated with soil bulk density,
compaction and OM contents (Nyéki et al., 2017).

Saturated hydraulic conductivity (Ks) values varied between 0.04 - 1.85 cm h in Guliimbe series and between
1.76 - 2.89 cm h'l in Asagikoy series. Ks is dominantly influenced by total porosity, pore sizes and geometry (Hillel,
1982). In other words, texture is the primary factor designating saturated hydraulic conductivity. For Ks, researchers
ordered the soil textures as sandy > loamy > clay and emphasized the effects of macro pores and continuity of pores
on Ks, rather than the total porosity (Bahtiyar, 1996; Ozdemir, 1998). Ks values increase with increasing quantity of
macro pores (Ahuja et al., 1984). In present study, Ks had significant correlations with clay (-0.67*), sand (0.59%),
silt (0.64*), BD (-0.69*), AS (0.74**), total F (0.67*) and PI (0.61*) (Table 4).

Structural stability index (SSI) values varied between 36.45 - 59.36% in Gulimbe series and between 14.85 -
31.90% in Asagikoy series. Soil structure is commonly used as an indicator of soil quality and productivity. It also
designates the soil susceptibility to erosion. Agronomic practices may either improve or destruct soil structure just
based on proper timing of such practices (Hillel, 1982).

3.2. Atterberg limits, consistency index and workability of the soils

Descriptive statistics for Atterberg limits, consistency index and activity of clays of the soil series in Bilecik
Seyh Edebali University Campus were provided in Table 1. Liquid limit (LL) values varied between 61.23 — 68.17%
in Gulumbe series and between and 46.50 - 53.00% in Asagikdy series. Demiralay and Guresinli (1979) classified
soils based on LL as: low plastic for LL of <30%, medium plastic for LL of between 30 — 50% and highly plastic for
LL of >50%. Since LL values of Gulimbe series were greater than 50%, they were classified as highly plastic.
Asagikoy series with LL values of less than 50% were then classified as medium plastic. Previous researchers
indicated that soil plasticity was designated by type of clay and clay content (Mbagwu and Abeh, 1998; Sénmez and
Oztas, 1988). Plastic limit (PL) values varied between 27.91 - 31.49% in Giiliimbe series and between 24.80 -
25.01% in Asagikoy series. Greater LL and PL values of Glllimbe series were attributed to higher clay contents. LL
and PL values are largely dependent on type of clay, clay content, OM content and exchangeable cations of the soils.
LL and PL values generally increase with increasing OM and clay contents (Baumgarti, 2002; Giilser and Candemir,
2004). In identification of ideal time for soil tillage, Canbolat and Oztas (1997) reported that LL and PL had positive
correlations with clay content, organic matter content and CEC and negative correlations with sand content. In this
study, LL had significant correlations with clay (0.88**), sand (-0.71*), SOM (0.62*) and CEC (0.75**). PL values
had significant correlations with clay (0.72**), sand (-0.63*), SOM (0.59*) and CEC (0.67**) (Table 4). Significant
positive correlations were observed between LL and PL (0.75**) and LL and PI (0.89**) (Table 4). These results
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are in a good agreement with those of Glser and Candemir (2006), Giilser et al. (2008), Gulser et al. (2009), Gulser
et al., (2010) and Demir (2020). Based on LL and Pl values, Gulumbe series were classified as “highly plastic
inorganic clays” and Asagikdy series were classified as “medium plastic inorganic clays” (Munsuz, 1985). Plasticity
index (PI) is the difference between LL and P Land implies the range of moisture in which soils exhibit plastic
behavior. Jumikis (1984) classified soils based on Pl values as: low plastic for Pl of <7, medium plastic for PI of
between 7 — 17 and highly plastic for Pl of >17. In present study, Pl values varied between 32.73 — 40.26% in
Gulumbe series and between 21.70 — 28.00% in Asagikdy series. Atanur (1973) reported increasing LL and PL
values and decreasing PI values in medium and low plastic soils, decreasing LL, increasing PL, thus decreasing Pl
values in highly plastic soils with increasing lime contents. In this study, lime content had significant negative
correlations with Pl (-0.62*). Soil tillage at high PI levels results in puddling (Mueller et al., 2003). PI values of
Gulumbe series were greater than Asagikdy series, thus risk of puddling during soil tillage is greater in Giiliimbe
series.

Consistency index (Ic) implies soil consistency at any moisture levels. Ic values close to 1.0 indicate plastic
(Ic=1.0 at PL) and values close to 0 indicate liquid behavior (Ic=0 at LL) of the soil (Baumgarti, 2002). In present
study, considering the soil moistures at field capacity, consistency index values varied between 0.89 — 1.16. Such a
case indicated that both series exhibited plastic behavior at field capacity. The best soil tillage is achieved at Ic
values of between 0.75 — 1.0 at which soils have a compaction resistance of greater than 100 kPa (Baumgarti, 2002).
Especially in heavy-textured soils with quite a high clay content, excessive dry conditions make soil tillage difficult
and increase energy inputs. On the other hand, soil tillage at Ic of below 0.75 destructs soil texture. Such a case
reduces hydraulic conductivity, plant nutrient uptake and then negatively influence plant growth and microbial
activity (Baumgarti, 2002). Dexter and Bird (2001) indicated optimum moisture for soil tillage as the moisture
content at which the greatest number of fine aggregates was obtained and such a moisture corresponded about 90%
of moisture at plastic limit. Mueller et al. (2003) reported Ic of 1.15 and 90% of PL as the maximum soil moisture
content for optimum tillage of cohesive soils. In present study, soil gravimetric moisture content calculated at Ic of
0.75, 1.0 and 1.15 and 90% of plastic limit were provided in Table 2 and mean soil gravimetric moisture contents
were presented in Figure 1. Petelkau (1984) indicated that the best tillage was achieved at a moisture content hold at
-5 kPa matrix potential and such a potential corresponded to 50-60% in clay soils, 40-75% in loamy soils and 20-
85% in sand-loam soils. Optimum soil moisture content for soil tillage was reported as between 0.75 - 1.00 of Ic
(Baumgartl, 2002). It can be improper cultivation of the fine-grained soils near Ic of 0.75 (37.97%) or over the field
capacity (29.15%) in Glllimbe series. It seems that soil tillage at Ic of 1.0 or plastic limit (28.92%), Ic of 1.15
(23.50%) and 0.9% of plastic limit (26.03%) were suitable in Gilimbe series. Consistency index value at field
capacity was near 1.00. Thus, the lower moisture limit for suitable cultivation of the soils in Gullimbe series was
recommended as 23.50% and the upper moisture limit was 29.15% or field capacity (Figure 1). The lower moisture
limit for suitable cultivation of the soils in Asagikdy series was recommended as 21.24% and the upper moisture
limit was 24.95% or field capacity (Figure 1). Mean consistency index of Giilimbe and Asagikoy series (0.95 and
0.99, respectively) varied between 0.75 - 1.0, thus soil tillage around field capacity moistures was considered to be
suitable (Table 1).
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Figure 1.  Soil moisture (W) at FC and different index of consistency values for suitable workability (W1 at
consistency index of 0.75; W2 at consistency index of 1 or plastic limit; W3 at consistency index of
1.15; W4 at 0.9 plastic limit; W5 at FC)
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Activity index (A) characterizes the relationship between the clay content and plasticity index. Skempton (1953)
determined activity index values of between 1.5-7.0 for montmorillonite, between 0.5-1.2 for palygorskite, between
0.5-1.2 for illite and between 0.3-0.5 for kaolinite. In addition, Baumgartl (2002) classified soils based on A values
as: active soils (smectite) for A values of >1.25; normal soils (illite) for A values of between 0.75-1.25; inactive
soils (kaolinite) for A values of <0.75). In present study, A values varied between 0.78 — 1.09 in Gilimbe series and
between 0.82 — 1.18 in Asagikdy series.

Table 2. Calculated soil moisture contents for suitable workability

Gulumbe Asagikdy

Min. Max. Mean SD Skewness Kurtosis CV,%|| Min. Max. Mean SD Skewness Kurtosis CV,%

W1 (at 1c=0.75) 36.27 40.65 37.97 1.55 0.97 1.33 4.09 ||30.23 32.00 31.13 0.64 0.06 -1.21  2.05
W2 (at Ic=1.00 or PL) 27.91 31.49 28.92 1.56 1.23 -0.33  5.40 ||24.80 25.01 24.17 0.08 -1.36 138 031
W3 (at Ic= 1.15) 21.87 26.00 23.50 1.75 0.76 -1.55 7.46 ||20.80 21.56 21.24 0.32 -0.38 -2.11 149
W4 (at 0.90 PL) 25.12 28.34 26.03 1.40 1.23 -0.32  5.39 ||22.32 22.51 22.45 0.07 -1.39 150 0.31
WS5 (at FC) 27.64 31.60 29.151.89 0.88 -1.90 6.48 ||20.64 26.32 24.951.98 0.53 -0.57 8.56

W1 at consistency index of 0.75; W2 at consistency index of 1 or plastic limit; W3 at consistency index of 1.15; W4
at 0.9 plastic limit; W5 at FC

3.3. Soil chemical characteristics

Descriptive statistics for soil chemical characteristics were provided in Table 3. Soil pH values varied between
7.50 — 7.99 in GulUmbe series and between 7.66 — 7.81 in Asagikdy series. Present pH values revealed that soils
were slightly alkaline (Ulgen and Yurtsever, 1995). Nutrient availability is largely dependent on pH. It was reported
that majority of essential nutrients are available at pH values of between 5.5 — 7.0 and phosphates were not available
at pH of above 7.5 (Jiao et al., 2009). In present study, soils had pH values almost at upper limit of nutrient
availability.

Electrical conductivity (EC) reveals information about ion (Ca*?, Na*!, Mg*?, K*!, CI?%, SO42, and HCO3%)
concentration of soil extract (He et al., 2012). Electrical conductivity values varied between 0.36 - 0.63 dS m™ in
Gulumbe series and between 0.34 - 0.81 dS m* in Asagikdy series. According to the classification of Richards
(1954), all of the soils were classified as unsaline. There was a negative correlation between EC and pH (r = -0.54*)
(Table 4). Ouhadi and Goodarzi (2007) also indicated negative relationships between soil pH and EC. The H*! ions
pushed out and exchange sites are occupied by salt ions, then pH values decreased with increasing salinity levels.
The EC levels of between 0.2 — 1.4 are defined as reliable values for soils (Hartsock et al., 2000). Present EC values
were within this range (Table 3).

Soil organic matter (SOM) contents varied between 1.45 - 2.88% in Gillimbe series and between ranged
between 1.46 - 2.07% in Asagikdy series (Table 3). According to classification of Ulgen and Yurtsever (1995),
SOM content was classified as “medium” in Giiliimbe series and “low” in Asagikdy series. Six et al. (2000) and
Krull et al. (2003) indicated that medium and fine-textured soils (loamy and clay) had greater organic matter
contents than coarse-textured (sandy) soils. Rice (2006) indicated that clay particles sheltered organic matter and
prevented decomposition of organic matter. In present study, soil organic matter content had significant correlations
with clay (0.63*), CEC (0.56%*), available Fe (0.72%), available Zn (0.67%), LL (0.62*) and PL (0.59*) (Table 4).

Cation exchange capacity (CEC) values varied between 31.04 - 42.99 cmol kg in Giilimbe series and between
22.67 - 28.04 cmol kg in Asagikdy series (Table 3). Soil OM and clay minerals play a key role in cation exchange
capacity of neutral (pH = 7) soils. Parfitt et al. (1994) indicated that dissociation of carboxyl groups increased cation
exchange capacity of organic matter.  CEC of organic matter was reported as between 100 to 1000 cmol kg
(Oades, 1989). On the other hand, CEC of clay minerals was reported as between 0 (pure kaolinite) and 110 cmol
kg? (smectite) (Dixon and Weed, 1989). In present study, CEC had significant correlations with clay content
(0.87**), SOM (0.56*), available Ca (0.74**), available P,Os (0.61*), available Cu (0.52**) and available Fe
(0.68*) (Table 4).
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Table 3. Descriptive statistics for chemical properties of the soils

Parameters Gilimbe Asagikoy

Min. Max. Mean SD  Skewness  Kurtosis CV,% Min. Max. Mean SD  Skewness  Kurtosis CV,%
pH 7.50 7.99 7.74 0.16 0.14 2.22 2.02 7.66 7.81 7.74 0.07 -0.37 -2.22 0.87
EC,dSm 0.36 0.63 0.54 0.10 -1.20 1.36 18.64 0.34 0.81 0.60 0.14 -0.54 1.80 23.97
CaCOs, % 10.49 2257 17.08 4.69 -0.42 -1.31  27.48 4.70 8.83 6.75 1.63 0.17 -1.93  24.14
SOM, % 1.45 2.88 2.01 0.63 0.65 -1.87 3133 1.46 2.07 1.81 0.23 -0.68 -1.05 1281
CEC, cmol kg 31.04 42.99 37.71 3.87 -0.76 234  10.27 22.67 28.04 25.26 1.96 0.53 -0.75 7.76
Available P20s, kg dat 0.31 3.76 1.92 1.33 0.29 -1.56  69.64 11.26 28.04 18.76 6.54 0.41 -1.90 34.87
Available K20, kg da! 56.20 122.86 88.54 25.17 0.09 -1.21 2842 3341 203.19 133.94 67.74 -0.65 -1.26  50.58
Available Ca, mg kg* 5855.00 5905.00 5867.90 19.00 2.01 4.23 0.32 4654.00 5950.00 5108.00 456.25 1.12 0.93 8.93
Available Mg, mg kg* 274.73 645.75 462,59  132.23 0.09 -0.38  28.59 365.18 760.00 495.13  126.03 1.84 431 2545
Available Cu, mg kg 0.59 1.35 1.00 0.32 -0.48 -1.92  31.67 1.85 3.36 2.57 0.59 0.23 -1.59  23.09
Available Fe, mg kgt 1.60 3.01 2.35 0.51 -0.08 -0.48 21.76 411 7.59 5.67 1.43 0.45 -1.76  25.12
Available Mn, mg kg 2.37 10.40 5.18 3.48 1.01 -1.33 67.18 2.27 5.25 3.21 1.20 1.21 -0.35 37.46
Available Zn, mg kg 0.16 5.02 1.81 1.73 1.54 290 95.55 0.48 0.82 0.66 0.13 -0.30 -1.46  18.98

pH: Soil reaction, EC: Electrical conductivity, SOM: Soil organic matter, CEC: Cation exchange capacity



Demir ve ark. / Anadolu Tarim Bilim. Derg. / Anadolu J Agr Sci 36 (2021) 146-161

Available phosphorus (P2Os) contents varied between 0.31 - 3.76 kg da® in Giltimbe series and between 11.26 -
28.04 kg da* in Asagikoy series (Table 3). Ulgen and Yurtsever (1995) classified the available phosphorus content
of soils as: deficient for < 3 kg dat, marginal for 3-6 kg da, sufficient for 6-9 kg da*, high for 9-12 kg da* and very
high for > 12 kg da*. Based on this classification, available phosphorus content was identified as “insufficient” in
Giilimbe series and “very high” in AsagikOy series. Soil pH dominates phosphorus availability and the greatest
bioavailability is achieved at pH of 6.5. Thus, alkaline soils generally have lower phosphorus availability. Lime
content of alkaline soils also reduces phosphorus availability. In this study, available phosphorus content of the soils
had significant correlations with lime content (-0.74**) (Table 4).

Lime contents varied between 10.49 - 22.57% in Gulumbe series and between 4.70 - 8.83% in Asagikdy series
(Table 3). According to classification of Ulgen and Yurtsever (1995), lime contents were classified as “high” in
Giilimbe series and “medium” in Asagikdy series. Available potassium (K2O) contents varied between 56.20 -
122.86 kg da’! in Gllimbe series and between 33.41 - 203.19 kg da! in Asagikdy series (Table 3). Lindsay and
Norwell (1969) classified the available potassium content of soils as: deficient for < 20 kg da, marginal for 20-30
kg da? and sufficient for > 30 kg da. Present findings revealed that soils in the fields of Bilecik Seyh Edebali
University Campus were sufficient in potassium.

The mean values of available Fe, Cu, Mn, and Zn contents were respectively determined as 2.35, 1.00, 5.18, 1.81
mg kg in Gllumbe series and as 5.67, 2.57, 3.21, 0.66 mg kg in Asagikdy series (Table 3). When classified
according to the limit values specified in Sillanpaa (1990), Gillimbe soils were classified as sufficient in available
Cu and Zn and insufficient in available Fe and Mn. Asagikdy soils were found to be sufficient in available Fe and
Cu and insufficient in available Mn and Zn. High phosphorus contents resulted in zinc deficiency in Asagikoy series
since zinc and phosphorus have antagonistic relationships (Salimpour et al., 2010). In the present study, available Zn
content of the soils had significant correlations with P (0.63*), SOM (0.67*) and Mn (0.61*). Availability of trace
elements is largely dominated by soil pH (Forstner, 1995). Precipitation - dissolution reactions also play a great role
in availability of these elements (Rieuwerts et al., 1998). The pH-induced charges alter bioavailability of
micronutrients (Gillman, 2007). Availability of trace elements is influenced by organic carbon content dominantly
controlled by soil pH (Bradl, 2004). Kabata-Pendias (2011) reported decreasing trace element concentrations with
increasing soil pH levels. Available Fe content was reported to have significant positive correlations with clay
content and organic matter content (Sangamner et al., 2012). In this study, available Fe contents of soils had
significant correlations with pH (-0.61%*), clay content (0.79**), SOM (0.72*), available Mn (0.65%*), available Zn
(0.73*) and CaCOs (-0.42*) (Table 4). Present findings well comply with the results of Sharma et al. (2003) and
Eissa et al. (2010).
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Table 4. Correlation matrix among the soil parameters

Aggregate stability (fractions, mm)

S Si C BD FC PWP AWC AS Total F  Ks SSI
2-1 1-05 0.5-025 0.25-0.106 0.106-0.053  0.053>

Si -31
Cc -50 -.67"
BD 75" A4 -707
FC -56" -.12 .54 -.88"
PWP =727 =22 767 -97 87"
AWC .32 .20 -43 19 24 -27
AS -58"  -33 75" -76™ .50 82" 63"
Total F -757  -14 70" -99™ 88" 977 -.19 76"
Ks 59" 64" -67° -69" .53 42 .39 74 67"
SSI -61"  -40 .75 -.48 82" .34 -.26 64" 48 .85™
2-1 -727 .28 81" -82" 64" .80™ -.33 75" 82" 767 79"
1-05 -56"  -33 74"  -65" 40 .68" 56" 72 65" .68" 64" 63"
0.5-0.25 57" .26 -.68 58" -.34 -.63" b7t -.83" -.58" 62" -64" -84 -T2
0.25-0.106 42 A4 -.45 62" -.66" -.54 -22 -11 -.62" 48 -.51 -39 -22 -13
0.106-0.053 .25 .16 -34 43 -.37 -.29 -.16 .07 -43 .28 -19 -31 -29 -12 78™
0.053> 43 A4 -.46 .55 -.35 -42 22 -.33 -.55 .36 -31 -.56 -.25 .23 49 66"
MWD -73"  -30 84" -86" .67 83" -.16 75" .86™ 79" 71t 997 70™ -.81™ -.46 -.39 -.58"
LL -717  -44 88" -65" 54 51 54 69" a1 59" 57" art a2t -.62 -.35 -.06 -.33 79"
PL -63° -20 72" -62° 57" 65" 18 56" 63" 46 76" 76™ 65" -67" -.40 -11 -.23 67
Pl -.45 -49 85" -67" 43 61" 63" 61" 69" 61" 62" 73" 697 -70™ -31 -.03 -34 T4
Ic -.09 .02 .05 -.26 -.48 -.20 -.55 .25 -.26 -12 -12 .01 27 -40 57" 51 .28 .02
A -.04 42 -.36 18 -.32 -13 -.38 19 -.18 31 -.16 -.24 -.07 -.07 A7 41 .39 -.28
pH .16 -59" 41 13 -19 -.09 -.19 -.02 -13 -.28 -.05 13 31 -19 .07 -.29 -.30 15
EC .23 .09 -31 21 .01 -21 44 -.45 -21 .16 -14 -.46 -51 71 -.38 -.08 .33 -44
CaCOs -.55 -52 70" -.69" 61" 4™ =27 63" 69" .53 58" 82" .50 -.64" -44 -.18 -.40 a1
SOM -13 .25 63" =27 48 .36 22 .28 27 A1 .33 -.07 -.08 -.03 A1 42 .23 -.09
CEC -67° -38 .87 -90" 80" .95™ -31 .85™ .90™ 84™ 67" 83" 727 -70™ -.48 -.25 -41 .86™
Av. P20s .46 45 .56 64" 46 42 51 42 64" 76" 51 67" 71 78™ .08 -15 21 67"
Av. K20 37 -.08 -22 31 -.04 -.27 46 56" 31 A7 .26 40 47 57" -.18 -.10 27 .39
Av. Ca -.49 -.30 65" -71™ 58" .68" 19 66" 71 a4 12 56" 57" -.37 -.58" -.33 -.40 61"
Av. Mg A1 -.08 -01 .01 .20 -.08 .55 -.26 -01 .01 .02 -.04 -.16 27 -.33 -.37 -.18 -01
Av. Cu 44 31 78" 65" 47 44 54 .50 .55 61" 51 62" 60" .69™ .26 .02 .38 72
Av. Fe 45 24 79" 90" -78"  -917 27 -69™  -90™ 77 -877 -82" -52 .50 70" 42 59" -.84™
Av. Mn -.20 22 -.05 -.28 A1 .33 -43 49 .28 .03 22 -.02 22 -17 A4 42 .10 -.02
Av. Zn -.53 37 .07 -.66" 65" .53 .03 55 66" -11 .53 40 19 -.36 -.15 A7 -.08 .39

**Correlation is significant at 0.01 level, *Correlation is significant at 0.05 level. S: Sand, Si: Silt, C: Clay, BD: Bulk density, FC: Field capacity, PWP: Permanent wilting
point, AWC: Available water content, AS: Aggregate stability, Total F: Total porosity, Ks: Saturated hydraulic conductivity, SSI: Structural stability index, MWD: Mean
weight diameter, LL: Liquid limit, PL: Plastic limit, PI: Plasticity index, Ic: Index of consistency, A: Activity of clays, pH: Soil reaction, EC: Electrical conductivity, SOM:
Soil organic matter, CEC: Cation exchange capacity.
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Table 4. Correlation matrix among the soil parameters (Continued)

LL PL Pl Ic A PH EC CaCO3 SOM CEC Av.P:0Os Av.K:O Av.Ca Av.Mg Av.Cu Av.Fe Av.Mn
Si
C
BD
FC
PWP
AWC
AS
Total F
Ks
SSI
2-1
1-0.5
0.5-0.25
0.25-0.106
0.106-0.053
0.053>
MWD
LL
PL 75"
Pl .89 75"
Ic 57" -21 -89
A 19 -.02 .37 .05
pH .07 17 -.03 A7 -59"
EC -.20 -.26 -12 -42 .35 -.54"
CaCOs -.16 54" -62° 40 -39 .20 -21
SOM 62" 59" 31 -42 21 -.82™ .39 -.19
CEC g5 87 69T 14 -.46 12 -.33 ar 56"
Av. P20s .38 42 31 .18 -44 -11 46 -4 .06 61"
Av. K20 54" 59" 65" -15 46 -.08 73" -22 13 37 59"
Av. Ca -41 -47 -32 -42 .33 .01 -11 70" A1 74 a1 46
Av. Mg -.26 -31 -.20 -.50 51 .23 -01 A1 16 .07 .08 .22 .26
Av. Cu -37 -.40 -30 -58" .55 -17 43 -76™ 16 52" 51 49 .53 -01
Av. Fe -.07 -.26 .10 -43 12 -.61" A1 -42" 72" .68" 48 15 68" .03 .53
Av. Mn -.45 -51 -.36 -52 48 -51 -01 -.09 A7 17 41 .27 22 -57" 63" 65"
Av. Zn 44 54 .55 15 -.34 -42 -01 .23 67" 46 63" .30 37 -17 69" 73 61"

**Correlation is significant at 0.01 level, *Correlation is significant at 0.05 level. S: Sand, Si: Silt, C: Clay, BD: Bulk density, FC: Field capacity, PWP: Permanent wilting point, AWC:
Available water content, AS: Aggregate stability, Total F: Total porosity, Ks: Saturated hydraulic conductivity, SSI: Structural stability index, MWD: Mean weight diameter, LL: Liquid limit,
PL: Plastic limit, PI: Plasticity index, Ic: Index of consistency, A: Activity of clays, pH: Soil reaction, EC: Electrical conductivity, SOM: Soil organic matter, CEC: Cation exchange capacity.
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4. Conclusion

In this study, physico-chemical and mechanical characteristics of two soil series (Giilimbe and Asagikdy) in
Bilecik Seyh Edebali University Campus were determined and suitable moisture contents for soil workability were
assessed. Soils in Gilumbe series were clay (C) and clay loam (CL) in texture with a mean bulk density of 1.05 g
cm3, saturated hydraulic conductivity of 0.66 cm hL, soils were slightly alkaline (pH=7.74), medium in soil organic
matter (SOM) (2.01%), high in lime (17.08%), insufficient in available phosphorus (1.92 kg P,Os da™t), sufficient in
available potassium (88.54 kg KO da?), cation exchange capacity (CEC) of 37.71 cmol kg?, insufficient in
available Fe (2.35 mg kg?) and available Mn (5.18 mg kg?), sufficient in available Zn (1.81 mg kg*) and available
Cu (1.00 mg kg?) contents. Soils in Asagikdy series were loamy (L) and sandy-clay-loam (SCL) in texture with a
bulk density of 1.31 g cm3, saturated hydraulic conductivity of 2.32 cm h, soils were slightly alkaline (pH=7.74),
low in organic matter (1.81%), medium in lime (6.75%), high in available phosphorus (18.76 kg P.Os da),
sufficient in available potassium (133.94 kg K0 da'), CEC of 25.26 cmol kg, sufficient in available Fe (5.67 mg
kg?) and available Cu (2.57 mg kg?), insufficient in available Mn (3.21 mg kg!) and available Zn (0.66 mg kg™?)
contents. Especially in Gilumbe series with the highest clay content (47.38%), soil tillage and seedbed preparation
timing should be well defined. Soils should be tilled when the soil is mellow. Soils with different texture get mellow
at different times. When the clay soils are tilled before such a time, destructions are encountered in physical
structure. On the other hand, soil tillage at excessive moistures may create large clods. Organic matter
supplementations can be made to improve soil aeration and structure. Increasing organic matter contents will also
improve quantity and availability of essential nutrients. A well-balanced fertilization based on soil analysis results
will improve soil fertility and prevent antagonistic effects of nutrients. Based on LL and PI values, Gilimbe series
were classified as “highly plastic inorganic clays” and Asagikoy series were classified as “medium plastic inorganic
clays”. Upper and lower moisture limits for suitable cultivation were recommended as 29.15 - 23.50% for Gulimbe
series and as 24.95 — 21.24% for Asagikoy series. Since consistency index values varied between 0.75 — 1.00, it was
concluded that Bilecik Seyh Edebali University Campus soils could be cultivated at field capacity without any
structural deformations.
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