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Abstract: Soil management is a subject that is receiving
increasing attention. It is considered to be important for
the assessment of the extent of land degradation or
amelioration, and for identifying management practices
for sustainable land use. This research was carried out in
Cetinkaya district of Bafra-Samsun province located on
alluvial land formed by Kiziirmak River as accumulated
sediment deposited at different times, show large
variations in their physical properties over short
distances. The main objective of this research is to
identify the most sensitive indicators of some soil
characteristics using factor analysis for evaluating soil
tillage in Vertisol and Entisol orders. For this aim, C, Si,
S, SOM, CaCO03, BD, PR, FC, PWP and AWC were
analyzed using factor analysis for both soil orders.
According to factor analysis results, investigated physico-
chemical soil properties in Vertisol were detected as
three groups. AWC (0.992), FC (0.986), SOM (0.978),
PWP (0.971) and CaCO3 (-0.988) have the highest
weight values in first group while, BD (0.815), S (0.801)
and C (-0.850) were determined as having the highest
weight values in second group. As for in last group, PR (-
0.920) was found. Moreover, investigated physico-
chemical soil properties in Entisol were detected as two
groups. C (0.992), AWC (0.979), PWP (0.976), FC
(0.952), SOM (0.908), S (-0.994) and BD (-0.989) have
the highest weight values in first group while, CaCO3
(0.840), Si (0.797) and PR(0.728) were determined as
having the highest weight values in another group.
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INTRODUCTION

Soil management is a subject that is receiving
increasing attention. It is considered to be important for
the assessment of the extent of land degradation or
amelioration, and for identifying management practices for
sustainable land use. For a specific site, assessment will
be influenced by many factors including tillage, crop
rotation, animal or greenmanure applications and other
management factors, as well as climate and soil type.
Ideally soil phsico-chemical quality should be easy to
measure, able to reflect changes in soil functions,
sensitive to variations in management, and accessible to
as many users as possible (Shukla et al.,, 2006).
Furthermore, the site-specific nature of soil quality may
actually require different soil property measurements
depending upon the specific agroecosystem for which the
assessment is being made (Govaerts et al., 2006; Rezaei
et al., 2006; Shukla et al., 2006; Yemefack et al., 2006;
Marinari et al., 2006). Therefore, the first step toward soll
physico-chemical quality assessment is the selection of
soil indicators, that is the soil properties and processes
that will provide a minimum data set for evaluation.
However, few studies have been devoted to actually
determining the minimum set of indicators for soil quality
assessment in the Bleack Sea region. Although this paper
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Ozet: Son yillarda, toprak yonetimi arazi degredasyon
veya rehabilitasyon degerlendirme c¢alismalarinda veya
surdurilebilir bir arazi kullaniminda ortaya konulacak
uygulama pratiklerinin belirlenmesinde énemli bir konu
olmaktadir. Bu calisma, Kizilirmak Nehrinin biriktirmis
oldugu sedimentler tzerinde olugsmus bu nedenle kisa
mesafeler icerisinde ¢ok farkl 6zellikler sergileyen
aluviyal arazilerin yer aldigi Samsun- Bafra ilgesine ait
Cetinkaya bolgesinde gercgeklestirilmistir. Bu ¢alismanin
ana amacini, Vertisol ve Entisol ordolarina ait
topraklarda, toprak igleme degerlendiriimesine ydnelik
faktor analizi kullanilarak bazi toprak karakteristiklerinin
daha hassas indikatorlerinin belirlenmesini kapsamaktadir.
Bu amacla, faktor analizi kullanilarak her iki toprak ordosu
icin C, Si, S, SOM, CaCO0s3, BD, PR, FC, PWP ve AWC
analiz edilmistir. Faktor analiz sonucuna gore, Vertisol
topraklarda incelenen fiziko-kimyasal toprak ozellikleri ¢
gurup altinda toplanmustir. ik grupta AWC (0.998), FC
(0.986), SOM (0.978), PWP (0.971) ve CaCO3 (-0.988) en
yuksek agirlik degerlerine sahip iken, ikinci grupta BD
(0.815), S (0.801) ve C (-0.850) en yuksek agirlik
degderlerine sahip oldugu belirlenmistir. Son grupta ise PR
(-902) belirlenmistir. Ayrica Entisol topraklarda incelenen
fiziko-kimyasal toprak Ozellikleri ise iki gurup altinda
toplanmigtir. C (0.992), AWC (0.979), PWP (0.976), FC
(0.952), SOM (0.908), S (-0.994) ve BD (-0.989) ilk grup
icerisinde en yiksek agirlik degerlerine sahip iken, diger
grupta CaCO3 (0.840), Si (0.797) ve PR (0.728) olarak
belirlenmistir.
Anahtar Kelimeler:  Faktér Analizi, Toprak isleme,
Vertisol ve Entisol

GIRIS

Son vyillarda, toprak yo6netimi, arazi degredasyon
veya rehabilitasyon degerlendirme caligmalarinda veya
surdardlebilir arazi  kullaniminda ortaya konulacak
uygulama pratiklerinin belirlenmesinde énemli bir konu
haline gelmistir. Bir alanin degerlendiriimesinde toprak
isleme, bitki rotasyonu, gibre uygulamalarn ve diger
yonetim faktorlerinin yani sira, iklim ve toprak cesidi gibi
bircok faktoér etkili olabilmektedir. Ideal olarak fiziko-
kimyasal toprak kalite durumunun ortaya konulmasi
kolay olculebilir ve toprak fonksiyonundaki degisimleri
yansitabilir, farkh ydnetimlere duyarli ve bir¢cok kullanici
acisindan ulasabilir imkanda olmahdir (Shukla et al.,
2006). Ayrica, bir alanin dogal toprak kalitesi spesifik
agro-ekosistem degerlendirmesine bagl olarak farkli
toprak  ©zelliklerinin  glincel o&lcimsel degerlerine
gereksinim duymaktadir (Govaerts et al., 2006; Rezaei et
al., 2006; Shukla et al., 2006; Yemefack et al., 2006;
Marinari et al., 2006). Bu nedenle, fiziko-kimyasal toprak
kalite degerlendirmesinde ilk adim toprak indikatérlerinin
secilmesidir ki degerlendirmede toprak ozellikleri ve
islemler minimum veri setiyle olusturulmalidir. Fakat
Karadeniz Bolgesinde toprak kalite degerlendirmesi igin
minimum indikatdrlerin belirlenmesine yonelik cok az
calisma bulunmaktadir. Bu calisma, Entisol ve Vertisol
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deals specifically with some soil physico-chemical quality
for soil tillage and management systems of Entisol and
Vertisol, it should be also realised that this has big effects
on chemical and biological process in the sail.

The site had been cultivated using conventional
tillage and used for cereal and vegetables production for
decades. The main objective of this research is to identify
the most sensitive indicators of some soil characteristics
using factor analysis for evaluating soil tillage in Vertisol
and Entisol orders.

MATERIAL AND METHOD
Field description

This study was carried out in Samsun-Bafra delta
plain and near district. The Bafra Plain found in the
Kiziirmak Delta and located in the central Black Sea
region of Turkey. The current climate in the region is
semi-humid. The summers are warmer than winters (the
average temperature in July is 22.2 and in January is 6.9
oC). The mean annual temperature, rainfall and
evaporation are 13.6 °C, 764.3 mm and 726.7 mm
respectively. According to Soil Taxonomy (1999), the
study site has mesic soil temperature regime and ustic
moisture regime. Major physiographic units of the study
area are river terraces and flood plain. Particularly river
alluvial terraces involve old and young are common and
they have slightly sloped (0.0-2.0%). The majority of
research soils formed on alluvial deposit were classified
as Entisol (on young terrace lands) and Vertisol (on old
terrace lands) in Soil Taxonomy (1999). The study area is
predominantly used for intensive irrigated agriculture
activities. Presently, the irrigation systems used by
farmlands are furrow, drip and sprinkler irrigation
systems. Rice, wheat, maize, pepper, watermelon,
cucumber and tomato with sprinkler and furrow irrigations
in the summer, and cabbage and leek in the winter have
been produced in the study area. The main water
resource of this area is Kizilirmak River.

Soil properties and analysis

Some descriptive soil physico-chemical properties of
Entisol and Vertisol were given in Table 1 and Table 2. In
addition, penetration resistance (PR) was measured in
field. Soil physical and chemical properties that have
been taken into consideration in this research showed
variability at short distance in study area formed on
accumulated sediment depositions carried by Kizilirmak
River.

Soil texture varied from sandy loam and loam through
to clay across the both soils of all profiles. Vertisol had
the highest clay content (72%), whilst Entisol had the
highest sand content (66%). On the other hand, Entisol
had a higher bulk density than Vertisol due to its high
sand content. Soil organic matter content ranged from
1.1% to 2.3% in upper horizons of all soil maples. These
low organic matter levels are attributable to rapid
decomposition and mineralization of organic matter due
to cultivation practices.
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topraklarin toprak isleme ve yonetim sistemlerine yonelik
bazi fiziko-kimyasal toprak kalite &zelliklerini icermesine
ragmen, bu ozelliklerin topraklarin kimyasal ve biyolojik
suregleri Uzerine de etkili oldugu bir gergektir.

Geleneksel toprak isleme ydntemi uygulanmis araziler
tahil ve sebze Uretiminde kullaniimaktadir. Bu calismanin
ana amacini, Vertisol ve Entisol ordolarina ait topraklarda,
toprak isleme degerlendirimesine yonelik faktér analizi
kullanilarak bazi toprak karakteristiklerinin daha hassas
indikatorlerinin belirlenmesini olusturmaktadir.

MATERYAL VE YONTEM
Alan Tanimlama

Bu calisma Samsun-Bafra Delta ovasi ve yakin
cevresinde yurutilmustir. Bafra ovasi Turkiye'nin Orta
Karadeniz bélgesinde yer alan Kiziirmak Deltasinda
bulunur. Bélgenin hakim iklim tipi yar kurak iklim tipidir.
Yazlarn kiglarindan daha sicaktir. Temmuz ayinda
ortalama sicakligi 22,2 °C ve Ocak ay! ortalama sicaklig
6.9 °C’dir. Yillik ortalama sicaklik, yagis ve buharlasma
degerleri sirasiyla 13.6 °C, 764.3 mm ve 726,7 mm'dir.
Toprak taksonomisi (1999)'ne gore, calisma alani mesic
toprak sicaklik rejimine ve ustic nem rejimine sahiptir.
Calisma alaninin temel fizyografik birimleri nehir teraslari
ve tagkin ovasidir. Ozellikle yagh ve genc aluviyal nehir
teraslari yaygindir ve % 0,0-2,0 arasinda hafif egime
sahiptirler. Aluviyal depozitler tzerinde olusan arastirma
topraklari ¢cogunlukla toprak taksonomisi (1999)'ne gore
entisol (geng teraslar tzerinde) ve vertisol (yash teraslar
Uizerinde) olarak siniflandinimiglardir. Caligma alani
blylk ¢ogunlukla yogun sulamali tarim uygulamalari igin
kullaniimaktadir. Ginumuzde ekilen alanlarda kullanilan
sulama sistemleri karik, damla ve yagmurlama sulama
sistemleridir. Calisma alaninda yaz déneminde karik ve
yagmurlama sulama sistemleriyle birlikte pirin¢, bugday,
misir, biber, karpuz, salatalik ve domates yetistirilirken,
kis doneminde lahana ve pirasa yetistiriimektedir. Bu
alanin temel su kaynagi Kizilirmak Nehri'dir.

Toprak Ozellikleri ve analizler

Entisol ve Vertisol topraklarin bazi tanimlayici fiziko-
kimyasal 6zellikleri Tablo 1 ve 2'de verilmigtir. Ayrica alan
icerisinde penetrasyon direnci (PR) dlcimleri de yapilmistir.
Kizihrmak nehri tarafindan taginarak biriktirilen sediment
depozitleri Uzerinde olusan calisma alaninda incelenen
toprak fiziksel ve kimyasal Ozellikleri kisa mesafelerde
degiskenlikler gostermigtir. Toprak teksturll bltin toprak
profillerinde kumlu tin ve tindan kile kadar degismistir.

En yuksek kum icerigine % 66 ile Entisol toprak
sahipken en yiksek kil iceridi ise % 72 ile Vertisol toprakta
bulunmustur. Bununla birlikte, Entisol topraklar yiiksek kum
icerigi nedeniyle Vertisol topraklardan daha yiiksek hacim
agirhgi degerlerine sahip olmustur. Toprak organik madde
icerigi butiin toprak profillerinin Uist horizonlarinda % 1,1'den
% 2,3'e degismistir. Bu dusiik organik madde seviyelerinin
nedeni olarak farkli Uretim uygulamalarinin neden oldugu
organik maddenin hizli ayrismasi ve mineralizasyonu
gosterilebilir.

Table 1/ Tablo 1

Some physico-chemical properties of Entisol (Sariog lu and Dengiz, 2012) / Entisol topraklarin bazi fiziko-kimyasal 6zellik eri

Horizon | DePh Texture (%) B.D SOM CaCco3 FC PWP AWC
(cm) ; (gr cm-3) (%) (%) (%) (%) (%)
c|si| s
Ap 024 | 25| 44 | 31 | 149/149 | 1.1/11 | 13.9/139 | 26.9/269 | 114/114 | 155/155
c1 2457 | 9 | 43 | 48 | 1.65/1,65 142/14,2 | 17.2/17,2 | 58/58 | 11.4/11,4
c2 57-88 | 8 | 31 | 61 | 1.64/164 143/143 | 13.6/136 | 49/49 | 87/87
C3g 88+ | 8 | 26 | 66 | 1.65/465 13.4/134 | 13.0/13,0 | 4.6/46 | 84/84
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glu and Dengiz, 2012) / Vertisoll topraklarin bazi
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Table 2/ Tablo 2

fiziko-kimyasal ozellikleri

Some physico-chemical properties of Vertisol (Sario

Horizo Depth Texture (%) SOM CaCoO3 FC PWP AWC

n (cm) c T s T 5| (@cm3) (%) %) %) (%) )

Ap 0-19 49 34 17 1.39/1,39 | 23/23 6.3/6,3 36.8/36,8 23.8/23,8 13

A2 19-44 49 36 15 1.40/1,40 | 15/15 74174 30 21.3/21,3 8.718,7
Bssl 44-69 61 30 9 1.29/1,29 | 1,6/1,6 | 11.4/11,4 39.4/39,4 21.5/21,5 17.9/17,9
Bkss2 69-111 56 38 6 1.30/1,30 | 0.6/0,6 | 18.7/18,7 37.1/37,1 23.3/23,3 13.8/13,8

C 111+ 72 21 7 1.27/1,27 | 0.7/0,7 8.5/8,5 49.9/49,9 27.1127,1 22.9/22,9

C: Clay, Si: Silty, S: Sand, BD: Bulk Density, SOM: Soil Organic Matter, FC: Field Capacity, PWP: Permanent Wilting Point, AWC: Available water Capacity

Statistical analysis

Total 40 soil samples were taken from the study area for
vertisol (20) and entisol (20) soils. Soil's physical and chemical
properties were determined by means of appropriate
methods. Texture (Bouyoucous 1951), bulk density (Blake
and Hartge 1986), field capacity (Klute 1986), permanent
wilting point (Klute 1986), penetration resistance (KAYNAK
VER ), soil organic matter (Jackson 1958), CaCO3 (Allison
ve Moodie 1965), analysis were carried out over soil
samples. The available water content was estimated by the
difference between the water content at field capacity and
the water content at permanent wilting point.

The soil properties were analyzed using classical
statistical methods to obtain descriptive statistics such
as mean values, standard deviation, coefficient of
variation (CV), kurtosis, and skewness (Wendroth et al.
1997). The CV was used to describe the amount of
variability for each soil parameter. Pearson linear
correlations among soil parameters were calculated using
SPSS software (Swan and Sandilands 1995) and were
used to establish relationships among the soil variables.

Factor analysis was used to group the 10 soil
variables into factors based on the correlation matrix of
the variables using factor module and the principal
component analysis method of factor extraction in
SPSS 17.0 software (Brejda et al. 2000). Principal
component analysis was used as the method of factor
extraction because it required no prior estimates of the
amount of variation of each soil variable that would be
explained by the factors. Only factors with eigenvalue
>1 were retained (Hair et al., 1987; Brejda et al. 2000)
and subjected to varimax rotation with Kaiser to
estimate the proportion of the variance of each soil
variable explained by each selected factor (loadings).

RESULTS AND DISCUSSION

Some descriptive statistical parameters of physico-
chemical soil properties such as minimum, maximum,
standard deviation (SD), coefficient of variation (CV),
skewness and kurtosis values of vertisol and entisol were
presented in Table 3. CV value of most physico-chemical
soil properties was determined as low in vertisol whereas,
this parameter was distributed among low, moderate and
high levels in entisol. If the CV value is lower than 15%,
variation class is called as low and if the CV value is found
between 15-35%, that class is described as moderate finally,
if the CV value is higher than 35%, CV is classified as high
level (Wilting, 1985). CV value was determined as low level
both vertisol and entisol in terms of CaCO3, Si and BD
whereas, CV value was found as moderate level for S and
AWC in both soils. Only CV value was classified as high level
for PR. In addition as for skewness, soils have low
skewness values and were seen normal distribution (Table 3).

Moreover, the results of Kolmogorov-Smirnov
analysis confirmed normal distribution of data set results
it was found closely parallel between both results.

Coloration analysis results of investigated
physicochemical properties for vertisol and entisol
were given in Table 4. It was found significantly

istatistiksel analizler

Vertisol topraklar ve entisol topraklar icin calisma
alanindan toplam 40 toprak O©rnegi alinmigtir.
Topraklarin  fiziksel ve kimyasal 6zellikleri uygun
yontemler yardimiyla belirlenmistir. Toprak 6rneklerinde
tekstir (Bouyoucous 1951), hacim agirligi (Blake and
Hartge 1986), tarla kapasitesi(Klute 1986), daimi solma
noktasi (Klute 1986), penetrasyon direnci (Selvi 2003),
toprak organic maddesi (Jackson 1958) ve CaCO3 (Allison
ve Moodie 1965) analizleri yapilmistir. Yarayigh su icerigi
ise tarla kapasitesindeki nem icerigi ile daimi solma
noktasindaki nem igerigi arasindaki farktan hesaplanmistir.

Toprak ozelliklerinin ortalama, standart sapma, varyasyon
katsayisi (CV), basiklik ve carpiklik gibi tanimlayici istatistik
degerlerini elde etmek icin klasik istatistiksel yontemler
kullanilmistir (Wendroth et al. 1997). Varyasyon katsayisi (CV)
her bir toprak parametresinin degiskenlik miktarinin
belilenmesi icin  kullanilir. Toprak &zellikleri arasindaki
Pearson korelasyonu SPSS hilgisayar program kullanilarak
hesaplanmis (Swan and Sandilands 1995) ve toprak
Ozellikleri arasindaki iligkileri belirlemek igin kullaniimigtir.

Faktor analizi, degiskenlerin korelasyon matriksi
esas alinarak 10 toprak ozelligini faktorler seklinde
gruplandirabilmek igin faktér moduli ve temel bilesenler
analizi kullanilarak SPSS 17.0 programinda yapilmigstir
(Brejda et al. 2000). Temel bilesenler analizi, faktorler
tarafindan agciklanabilen her bir toprak degiskeninin
degiskenlik miktarinin dnceden tahminini gerektirmemesi
nedeniyle faktor belirleme yontemi olarak kullaniimistir.
Yalnizca 6zdegeri >1 olan faktdrler kabul edilmis (Hair
et al. 1987; Brejda et al. 2000) ve secilen her bir faktor
tarafindan aciklanabilen her bir toprak degiskeninin
varyans oranini tahmin etmek icin varimax rotasyonu
testi uygulanmigtir.

TARTISMA VE SONUC

Vertisol ve entisol topraklara ait en kiigiik, en biyik,
ortalama, standart sapma, degdiskenlik katsayisi, carpiklik
ve basiklik gibi tanimlayici istatistikler sirasiyla Tablo 3'de
sunulmustur. Vertisol toprakta, degiskenlik katsayisi (CV)
incelenen fiziko-kimyasal 6zelliklerin buylk ¢ogunlugunda
disik olarak belirlenirken, entisol toprakta degiskenlik
katsayisi dislk, orta ve yiksek siniflar arasinda
dagiimistir. Degiskenlik katsayisi (CV) < %15 oldugunda
degiskenlik sinifi diglik, % 15-35 arasinda orta ve > % 35
oldugunda ise yiksek olarak siniflandirilir. Degiskenlik
katsayisi hem vertisol hem de entisol topraklarda CaCOs,
Si, BD dusuk, S ve AWC icin orta ve PR ic¢in yiksek
olarak siniflandiriirken diger fiziko-kimyasal 6zelliklerin
degiskenlik siniflan farkh  sekilde siniflandinimistir.
Carpiklik  katsayisi  incelendiginde ise  toprak
Ozelliklerinin dusik carpiklik degerlerine sahip oldugu
ve normal dagilim gésterdikleri goriilmektedir (Tablo 3).

Veri setinin normal dagihminin kontrol edildigi
Kolmogorov-Smirnov testi sonuclari da bu sonuclarla
paralellik gostermektedir.

Vertisol ve entisol toprakta incelenen fiziko-kimyasal
oOzelliklere ait korelasyon analizi sonuclar Tablo 4'de verilmigtir.
Vertisol toprakta CaCO3 miktari OM, FC, PWP ve AWC ile
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negative coloration between CaCO3 and OM, FC,
PWP, AWC (p<0.01) in vertisol. However, BD was
only found significantly positive and negative
coloration soil textural components (p<0.01, p<0.05)
in the same soil. It was determined significantly
coloration (p<0.01) between some physical soil
properties such as FC, PWP, AWC, CaCO3 and OM
content and soil moisture which is very important
indicator for determining of tillage time and for
resistance of soil against to tillage whereas, it was
not found significantly coloration between PR that is
essential indicator for soil compaction and any soil
properties of vertisol. On the other hand, these cases
were found very variable in entisol such as BD was
detected significantly coloration among almost
physicochemical properties (p<0.01, p<0.05).
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Onemli negatif korelasyonlar gésterirken (p<0,01), BD sadece
toprak tekstir bilesenleriyle 6nemli pozitif ve negatif
korelasyonlar gostermistir (p<0,01, p<0,05). Topraklarin
islenebilirlige kargi direncini ve isleme zamanini énemli
oranda belirleyen toprak nemi ile iligkili fiziksel 6zellikler
olan FC, PWP and AWC; CaCOs ve OM miktari ile 6nemli
korelasyonlar (p<0,01) ortaya koyarken toprak sikismasinin
gostergesi olan PR vertisol toprakta hicbir toprak 6zelligi ile
O6nemli korelasyonlar sergilememistir (Tablo 4). Entisol toprakta
ise toprak iglemeye bagl olarak degiskenlik gésterebilen
BD, PR, FC, PWP ve OM gibi 6zellikler incelenen fiziko-kimyasal
Ozelliklerin buyik c¢ogunluguyla 6nemli korelasyonlar ortaya
koymustur. BD incelenen tim fiziko-kimyasal &zellikler ile
onemli korelasyonlar gosterirken (p<0,01, p<0,05); OM,
PR, FC ve PWP Si icerigi hari¢ incelenen diger 6zellikler ile
O6nemli korelasyonlar géstermistir (p<0,01, p<0,05).

Table 3 / Tablo 3

Descriptive statistics of some physico-chemical pro

Vertisol ve Entisol topraklarin bazi fiziko-kimyasa

perties of Vertisol and Entisol /

| 6zelliklerinin tanimlayici istatistikleri

Soil . Unit Min. Max. Mean S.D. CV.,% Skewness Kurtosis
Properties
Vertisol
CaCQO3 % 6.3/6,3 74174 6.85/6,85 0.57/0,57 8.29/8,29 0.00/0,00 -2.171-2,17
oM % 15/15 23/23 1.90/1,90 0.42/0,42 | 22.24122,24 -0.04/-0,04 | -1.95/-1,95
[ % 40 56 49.00/49,00 | 3.70/3,70 7.55/7,55 0.00/0,00 -0.45/-0,45
Si % 28 40 35.00/35,00 | 2.43/2,43 6.94/6,94 0.10/0,10 -0.01/-0,01
S % 11 21 16.05/16,05 | 2.76/2,76 | 17.21/17,21 -0.01/-0,01 | -0.78/-0,78
BD gcm? 1.33/1,33 | 1.45/1,45 1.39/1,39 0.03/0,03 2.11/2,11 0.21/0,21 -0.98/-0,98
FC % 29.5/295 | 375/375 | 33.40/33,40 | 3.50/3,50 | 10.49/10,49 0.00/0,00 -2.19/-2,19
PWP % 20.5/205 | 24.4/24,4 | 22.55/22,55 | 1.33/1,33 5.89/5,89 0.10/0,10 -1.89/-1,89
AWC % 8.4/8/4 13.5/13,5 | 10.85/10,85 | 2.22/2,22 | 20.46/20,46 0.02/0,02 -2.171-2,17
PR MPa 0.6/0,6 2441244 1.44/1,44 0.55/0,55 | 38.41/38,41 0.32/0,32 -1.07/-1,07
Entisol

CaCQO3 % 13.9/13,9 | 14.2/14,2 14.1/141 0.24/0,24 1.67/1,67 0.00/0,00 -0.45/-0,45
oM % 0.2/0,2 11/11 0.66 /0,66 0.47/0,47 | 71.32/71,32 0.11/0,11 -1.94/-1,94
C % 9 25 17.0/17,0 8.37/8,37 | 49.22/49,22 0.02/0,02 -2.04/-2,04
Si % 37 49 43.5/43,5 1.54/1,54 3.54/3,54 0.00/0,00 -1.00/-1,00
S % 27 48 39.5/39,5 8.94/8,94 | 22.64/22,64 0.03/0,03 -1.99/-1,99
BD gcm?® 1.49/1,49 | 1.65/1,65 1.57/1,57 0.09/0,09 5.50/5,50 -0.03/-0,03 | -2.07/-2,07
FC % 17.2/17,2 | 26.9/26,9 22.1/22,1 4.98/4,98 | 22.58/22,58 0.00/0,00 -2.23/-2,23
PWP % 5.8/5,8 11.4/114 8.60/ 8,60 2.88/2,88 | 33.47/33,47 0.00/0,00 -2.221-2,22
AWC % 11.4/114 | 154/154 13.5/135 2.11/2,11 | 15.68/15,68 0.00/0,00 -2.20/-2,20
PR MPa 0.44/0,44 | 3.57 /3,57 1.62/1,62 0.99/0,99 | 61.14/61,14 0.69/ 0,69 -0.69/-0,69

OM: Organic matter, C: Clay, Si: Silt, S: Sand, BD: Bulk density, FC: Field capacity, PWP: Permanent wilting point, AWC: Available water content, PR:
Penetration resistance

Table 4 / Tablo 4
Corelations among some physico-chemical properties of Vertisol and Entisol /
Vertisol ve Entisol topraklarda bazi fiziko-kimyasa | 6zellikler arasindaki korelasyonlar
[ CaCOs [ oM C Si S [ BD [ FC [ pwPp | AwC
Vertisol
oM -0.961/-0,961 [+
C -0.048 /-0,048 -0.007 / -0,007
Si 0.427 /0,427 -0.425 /-0,425 -0.252 / -0,252
S -0.367 /-0,367 0.385/0,385 -0.572/-0,572 * | 0.275/0,275
BD 0.145/0,145 -0.191/-0,191 -0.594 /-0,594 [+ | 0.500/0,500 [* | 0.456 /0,456 [
FC -0.990/-0,990 ** | 0.947/0,947 | 0.007 /0,007 -0.416 /-0,416 0.382/0,382 -0.150 / -0,150
PWP | -0.960/-0,960 [*| 0.935/0,935 [ | 0.009 /0,009 -0.396 / -0,396 0.382/0,382 -0.166 / -0,166 06?9%/ fex
AWC | -0.988/-0,988 [| 0.984/0,984 [ |-0.008/-0,008 | |-0.427/-0,427| |0.402/0,402 | |-0.152/-0,152 %%7799’ o %?;177/ o
0.254/- -0.278/ -0.239/
PR 0.269 /0,269 -0.262 /-0,262 -0.073/-0,073 -0.177 /-0,177 0.008 / 0,008 -0.110/-0,110 0254 0278 -0.239
Entisol
oM [-0.721/-0,721 [* [ ] [ [ [
C -0.519/-0,519 | *| 0.932/0,932 **
Si 0.436 /0,436 0.222 /0,222 0.495/0,495 |*
S 0.503/0,503 |*|-0.929/-0,929 |**| -0.991/-0,991 |**|-0.509 /-0,509]| *
BD 0.541/0,541 |*|-0.932/-0,932 |**| -0.992 /-0,992 |**|-0.470/-0,470| * | 0.996 / 0,996 *x
FC -0.680/-0,680 |**| 0.973/0,973 [**| 0.974/0,974 [*] 0.301/0,301 -0.968 /-0,968 |**| -0.978 /0,978 ok
PWP | -0.612/-0,612 |**| 0.964/0,964 [**| 0.989/0,989 |**| 0.387/0,387 -0.985 /-0,985 |**| -0.991 / -0,991 [**|0.995 /0,995 **
AWC -0.599/-0,599 |**| 0.958/0,958 |**| 0.992/0,992 |**| 0.404 /0,404 -0.988 /-0,988 |**| -0.993 / -0,993 [** 0.994/0,994: 06?99:9/ *x ‘ |
0.641/0,641 |**|-0.598/-0,598 |**| -0.474/-0,474 |* | 0.268/ 0,268 0.470/0,470 |*| 0.495/ 0,495 |*|-0573/-0573[| 0340/ '| -0.526/ H
PR ’ ' ' ' ’ ' "~ -0,540 -0,526
OM: Organic matter, C: Clay, Si: Silt, S: Sand, BD: Bulk density, FC: Field capacity, PWP: Permanent wilting point, AWC: Available water content, PR:

Penetration resistance
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Soil is a complex medium, but for simplicity we can
think of it as a combination of solid mineral and organic
particles and pore space. Pore space allows for air and
water storage and movement in soils. Compaction
squeezes the soil and, since solids do not compress,
pore space is reduced (McKeys, 1985). Soil compacts
when pore space is reduced and bulk density is
increased. Therefore, any process that reduces pore
space causes soil compaction. Its major cause is traffic
over the fields. Causes of significantly correlation
between PR values well known that the penetration
resistance depends on the grain size of soils and
important indicator for compaction and other
physicochemical properties can be explained some soil
properties such as FC, PWP and C have moderate and
high coefficient of variation in entisol (Table 3). However,
homogeny distribution was found due to low coefficient
of variation of soil properties that cause strongly
correlation between BD, C, FC, PWP and PR in vertisol.

Factor analyses one of the statistical methods are
performed by examining the pattern of correlations (or
covariances) between the observed measures.
Measures that are highly correlated (either positively or
negatively) are likely influenced by the same factors,
while those that are relatively uncorrelated are likely
influenced by different factors (Hair et al., 1987; Brejda
et al., 2000; Kaspar et al., 2004). The results of factor
analyses belonged to vertisol and used commonly to
evaluate soil data were given in Table 5. According to
factor analyses, it was determined factor group of
eigenvalue more than 1 in vertisol. The first group
(Factor 1) formed from AWC, FC, OM, PWP and CaCO3
that related to soil moisture and those factors noted
53.07% of variance. In second Factor 2 formed from BD
and particle fractions such as S and C and it was
explained with 23.1% of total variance. Finally, Factor 3
formed from PR and comprised 11.72% of total variance.
Thus, after factor analysis, determined 3 groups involved
87.89% of total variance. In addition, more than 75% of
the detected three groups involve 9 features clarified
(Table 5). However, Si content was found insignificant
effect on soll tillage in vertisol.

Values of factor for some physico-chemical properti
Vertisol topraklarin bazi fiziko-kimyasal 6zellikle

INMATEH — Agricubtusal Engineering

Toprakta bulunan bosluklarin, mekanik bir yuk
altinda uzaklasmasi sonucu topragin birim hacmindeki
azalma veya hacim agiriginda meydana gelen artis
sikisma olarak tanimlanmaktadir (McKeys, 1985). Bu
olayda, topragin birim hacminde ki bosluklarda hava ve
su uzaklasirken, toprak tanecikleri yeniden diizenlenerek
daha az bir hacim igerisinde paketlenmektedir. Topragin
sikisma sonucu durumundaki degisim, toprak degisiminden
kaynaklanmaktadir. Bu degisim, alet veya makine gibi
mekanik etkilerle ya da kuruma veya nemlenme gibi
dogdal olaylarla ortaya c¢ikan kuvvetlerle meydana
gelmektedir. Toprakta sikismanin gostergesi olarak
kullanilan PR’nin Entisol toprakta diger fiziko-kimysal
Ozelliklerle sergiledigi 6nemli korelasyonlarin nedenleri,
FC, PWP ve C gibi toprak 6zelliklerinin sahip oldugu orta ve
yuksek degiskenlik katsayilar (Tablo 3) ile aciklanabilir.
Buna karsin Vertisol toprakta BD, C, FC ve PWP gibi PR
ile glcli korelasyonlar gostermesi beklenen toprak
Ozellikleri disik degiskenlik katsiyilarina sahip olmasi
nedeniyle homojen dagilimlar sergilemistir.

Faktor analizi genis degisken gruplarini tanimlamak
ve Ozetlemek icin ¢ok degiskenli istatistiksel yéntemlerden
biridir (Hair et al., 1987; Brejda et al., 2000; Kaspar et al.,
2004). Toprak verilerinin degderlendiriimesinde de yaygin
yaygin olarak kullanilan faktér analizinin Vertisol topraga
ait sonuclari Tablo 5'de gorilmektedir. Faktor analiz
sonucuna gore, vertisol toprakta 6zdegeri (eigenvalue)
>1 olan U¢ faktdr grubu belirlenmistir. Birinci faktor
(Faktor 1) AWC, FC, OM, PWP ve CaCOs; gibi toprak su
icerigi ile iligkili 6zelliklerden olusmus ve toplam varyansin
% 53.07’sini aciklayarak en énemli faktér olmustur. Faktor
2 BD, S ve C gibi toprak tanecik fraksiyonu ve onun
degisiminden ©6nemli oranda etkilenen 6zelliklerinden
olusmus ve toplam varyansin % 23,10’nu ac¢iklamistir. PR
gibi toprak sikigmasini ifade eden toprak fiziksel
Ozelliginden olusan Faktdér 3 ise, toplam varyansin
%211.72'sini aciklarken faktor analizi sonrasinda belirlenen
Uc grup toplamda varyansin % 87,89'nu aciklamiglardir.
Ayrica belirlenen ¢ faktor incelenen 9 Ozellige ait
degiskenliklerin % 75 ve daha fazlasini agiklamiglardir
(Tablo 5). Si igeriginin ise, vertisol topraklarda islenebilirlik
Uzerine olan etkileri Bhemsiz bulunmustur.

Table 5/ Tablo 5

es of Vertisol /
rine ait faktor analiz de gerleri

Soil Properties Factor 1 Factor 2 Factor 3 Communal ity Estimates
AWC 0.992 /0,992 0.984 /0,984
FC 0.986 / 0,986 0.974/0,974
oM 0.978/0,978 0.958 /0,958
PWP 0.971/0,971 0.948 /0,948
CaCOs -0.988 / -0,988 0.981/0,981
BD 0.815/0,815 0.748 /0,748
S 0.801/0,801 0.807 /0,807
C -0.850/-0,850 0.750/0,750
PR -0.920/-0,920 0.903 /0,903
Initial eigenvalue 5.32/5,32 2.35/2,35 1.13/1,13
Variance % 53.07 / 53,07 23.10/ 23,10 11.72 /11,72
Cumulative variance % 53.07 /53,07 76.17 /76,17 87.89 /87,89

OM: Organic matter, C: Clay, Si: Silt, S: Sand, BD: Bulk density, FC: Field capacity, PWP: Permanent wilting point, AWC: Available water content, PR:

Penetration resistance

To determine effects of some physicochemical soil
properties on solil tillage, factor analyses was applied.
According to study results, AWC, FC, OM and PWP that
are inside in Factor 1 were found positive effect on soil
tilage whereas, CaCO3 was determined negative effect
on soil tillage for vertisol. Positive values showed
difference resistance to soil tillage in wet or dry
conditions of vertisol. In this case, it can be said that soil
tilage can be applied more easily in wet condition of
vertisol than dry soil condition. However, increasing of
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Faktor analizi, fiziko-kimyasal 0Ozelliklerin toprak
islenebilirligi Gzerine olan etkilerini belilemek amaciyla
yapiimistir. Elde edilen ¢alisma bulgularina gore Vertisol
toprakta Faktor 1 icerisinde yer alan AWC, FC, OM ve
PWP pozitif yuk degerleri alarak iglenebilirlik Gzerine
olumlu etkide bulunurken, CaCOs; negatif yuk degeri
alarak islenebilirlik Gizerine olumsuz etkide bulunmustur.
Pozitif yuk degerleri vertisol topraklarin islak ve kuru
kosullarda toprak islemeye Kkargl direnclerinin farkhlik
gosterdigini ortaya koymustur. Bu sonuglar, Vertisol
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lime content of soil leads to making difficulty of soil tillage
in vertisol. When evaluating of Factor 2 results, soil
tillage is becoming easy with increasing of BD and S
content of soil. On the other hand, if C content increases
in soil, this case was negative effect on soil tillage and
soil cultivation will be more difficult. In Factor 3 involved
PR and its results show the same effect with lime
content of soil. Namely, it was found that increasing of
PR value in soil leads to make difficult soil cultivation in
vertisol

According to factor analyses, were determined factor
groups of eigenvalue more than 1 in entisol and their
results were given in Table 6. The first group (Factor 1)
formed from C, S, AWC, FC, OM, PWP and BD that
related to most texture and soil moisture and those
factors noted 72.89 % of variance. In second Factor 2
formed from CaCO3, Si and PR and it was only
explained with 22.05% of total variance. Thus, after
factor analysis, determined 3 groups involved 94.94% of
total variance. In addition, while PR variability was the
least clarified feature in physical properties with 70% of
PR variability using factor analysis, it was explained with
more than 90% variability in other physicochemical
properties (Tablo 6).

INMATEH — Agricubtusal Engineering

toprakta toprak islemenin nemli kosullarda kuru kosullara
oranla daha kolay yapilabilecegini gostermektedir. Ancak
topraklarin kire¢ igeriginin artmasiyla toprak isleme
zorlagmaktadir. Faktdor 2 bulgulari degerlendirildiginde
ise artan BD ve S icerigi ile birlikte topraklarin
islenebilirligi kolaylasirken C iceriginin artmasi toprak
islemeyi zorlastirmaktadir. Uciincii faktor (Faktor 3)
olarak gruplandirilan ve toprakta sikismanin gdstergesi
olan PR artmasi da yine toprak islemenin daha zor
sekilde yapilmasina neden olmaktadir

Entisol toprakta faktor analizi ile 6zdegeri (eigenvalue)
>1 olan faktorler belirlenmis ve sonuglar Tablo 6'da
sunulmustur. Bu sonuglara gére C, AWC, PWP, FC, OM,
S ve BD gibi toprak suyu ve tanecik fraksiyonu ile
yakindan iligkili 6zelliklerden olusan Faktér 1 toplam
varyansin % 72.89'unu agiklayarak en 6nemli faktor olmustur.
CaCOg, Si ve PR gibi 6zelliklerden olusan Faktér 2 ise
toplam varyansin ancak % 22,05'ini aciklamistir. Faktor
analizi ile belirlenen faktér gruplari entisol toprakta
toplam varyansin % 94,94'nu aciklamistir. Ayrica yapilan
faktér analizi ile degigkenliginin ancak yaklasik % 70’i
aciklanabilen PR degiskenlidi en az aciklanabilen fiziksel
oOzellik olurken, diger fiziko-kimyasal 6zelliklerin tamaminda
degiskenligin % 90’dan fazlasi aciklanabilmistir (Tablo 6).

Table 6/ Tablo 6

Values of factor for some physico-chemical properties of Entisol /
Entisol topraklarin bazi fiziko-kimyasal dzelliklerine ait faktér analiz degerleri

Soil Properties Factor 1 Factor 2 Communality Estim  ates
C 0.992 /0,992 0.994 /0,994
AWC 0.979/0,979 0.996 /0,996
PWP 0.976 /0,976 0.997 /0,997
FC 0.952 /0,952 0.993/0,993
OM 0.908 /0,908 0.959/0,959
S -0.994 / -0,994 0.994 /0,994
BD -0.989 /-0,989 0.993/0,993
CaCOs 0.840/0,840 0.901/0,901
Si 0.797 /0,797 0.967 /0,967
PR 0.728/0,728 0.699/0,699
Initial eigenvalue 7.7117,71 1.79/1,79

Variance % 72.89/72,89 22.05/22,05

Cumulative variance % 72.89/72,89 94.94 /94,94

C, AWC, FC, OM and PWP that are inside in Factor
1 were found positive effect on soil tillage whereas, S
and BD were determined negative effect on soil tillage
for entisol.

Soil tillage is becoming with increasing of soil
moisture content in entisol. CaCO3, Si and PR were
grouped under Factor 2 and these properties have
positive effect on soil tillage in entisol.

CONCLUSION

Field operation management, especially selecting and using
tilage equipment, should be directed toward developing and
maintaining an optimal proportion of soil components (water, air,
organic matter, and mineral components) for productive and
sustainable agriculture. That's why, it should be well known
interactions among soil components. Therefore, factor analysis is
one of the most important methods to determine these
interactions. In this study, ten physico-chemical soil characteristic
such as C, S, Si, CaCO3, OM, AWC, FC, OM, PWP and BD
were used to determine their positive or negative effect on soil
tilage by investigating with factor analysis for each different soil
types (entisol and vertisol). Because, productive soil is a valuable
resource and must be protected. Prevention is the best method
for controlling compaction. Once a soil has become compacted,
correcting it is difficult and costly, and may take years. For this
reasons, it should be taken some measurement such as not to
work soil or drive on fields unless soil is dry enough otherwise soil
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Entisol toprakta Faktor 1 igcerisinde gruplandirilan C,
AWC, PWP, FC, OM gibi 6zellikler toprak iglenebilirlik
Uzerine pozitif etkiler gosterirken S ve BD gibi 6zellikler
negatif etkiler gostermistir.

Entisol toprakta da vertisol topraga benzer sekilde
topraktaki nem duzeyinin artmasiyla topragin islenebilirligi
kolaylasmaktadir. Faktdr 2 altinda gruplandirilan CaCQOsg, Si
ve PR gibi fiziko-kimyasal 6zelliklerde islenebilirlik Gzerine
pozitif etkiler ortaya koymaktadir.

SONUC

lyi dizenlenmis olan arastirma desenlerinde faktor
analizi, cok sayida degiskenle odlcllecek olan bir yapiyi
o6lcmeye yoOnelik olarak birbirleriyle iligkili olan
degiskenleri bir araya getirerek, bu degiskenleri daha
az sayida degiskenle (faktdr) aciklayarak sonuclarin
kolay anlasilabilmesine 6nemli katkilar sunmaktadir. Bu
amacla vertisol ve entisol toprakta secilen 10 adet
fiziko-kimyasal toprak ozelliginin toprak islenebilirligi
Uzerine olan etkileri faktor analizi ile arastiriimistir.
Yapilan faktér analizi sonuglarina gore fiziko-kimyasal
Ozelliklerin topragin islenebilirligi Gizerine olan etkileri
vertisol toprakta U¢ grup altinda toplanirken entisol
toprakta iki grup altinda toplanmistir. Analiz sonuclari
calisma bulgularinin  degerlendiriimesinde  faktor
analizinin basarili sonuglar ortaya koydugunu ve bazi
fiziko-kimyasal toprak 6zelliklerinin iglenebilirlik Gizerine
olan etkilerinin anlasiimasini kolaylastirdigi gérilmustar.
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compaction occurs in the future that leads weak roots growing in
crop. In addition maintain as much organic matter in soil as
feasible. Increased organic matter generally makes aggregates
stronger so they can better support traffic with less compaction.
Reduced tillage, use of cover crops, choice of crop, and crop
rotations can all add residues and thus organic matter.
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