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ABSTRACT

The study area located at the Selivany plain in Duhok governorate, Kurdistan Region, Irag. Forty-
three soil samples were taken from horizons in all studied pedons then physically and chemically analyzed
according to standard methods. The studied soils were slightly alkaline non- saline. The values of CEC
increased with increasing clay content. The Studied soils considered Vertisols and occurs pedoturbation,
in turn, trans-locating organic matter from surface to subsurface and deep horizons, additionally, existing
plant roots contribute in increasing organic matter in these horizons, and the humification process can
occur in different soil horizons. Total carbonate content increased with increasing depth in subsurface
horizons this due to the origin of limestone parent materials. The differences in carbonate distribution
manner indicated to development. The studied soils contain a considerable amount of active carbonate
that affecting different soil properties. Relatively high clay content in studied soils and its content at the
surface horizons are lower than it at subsurface horizons. The high value of clay and silt content indicates
to soil development. The following pedogenic processes can be specified loss, gain, leaching, illuviation,
eluviation, alkalization, humification, lessivage, desalinization, calcification, decomposition, synthesis,
pedoturbation, and braunification. Humification processes of organic matter are predominate because the
ratio of carbon to nitrogen (C / N) is less than 25. According to the criterion (Total clay in B-horizon /
Total clay at A-orizon) most of the studied pedons (1, 3, 6, 7, 8, 9, 10, 12, 13, and 14) considered as well
developed soils. The ratio of (Active carbonate/ Total carbonate) was high ranged between (0.31-3.14%),
and this may be due to the high weathering intensity of parent material, as a result of increased the ratio
mass of active carbonate to total carbonate.
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1. INTRODUCTION

Soil development includes many process
of weathering, fracturing, and
commination of rock into mineral soil particles
(Mavris et al., (2010), and it takes into
consideration the complex interactions among
earth material (bedrock, rocks, clay, and sand),
the topography, the climate and living
organisms, the location of certain elements in the
landscape (Madigan and Martinko, 2006).
Obviously, calcareous horizons are usually
considered to have developed as the subsurface
calcic or petrocalcic horizon of soil (Durand et
al., 2018). Accumulation of clay by illuviation in
soils is a proven reality since the occurrence of
illuvial clay horizon known as the argillic
horizon that has been recognized in Soil
Taxonomy as a subsurface diagnostic horizon

for grouping soils at the order level (Bockheim
et al., 2014). The argillic (textural B) horizons of
a large number of calcareous sodic soils
developed in the loamy-textured parent material
and in the semi-arid part of Indo- Gangetic
Plains in India are developed due to illuviation
of the fine clay under ustic soil moisture regime
(Srivastava et al., 2002). Concurrently, Elliott,
and Drohan, (2009) concluded, abundant
carbonate in alluvial parent materials can prevent
the development of argillic horizons. Otherwise,
accumulations of clays and oxides reflect the
stage of pedogenic development.

The age of a soil formation identifies the
properties of soil in various ways, for instance,
the soil formation can change the physical,
chemical and mineralogical compositions of
soils, or it can form a number of different soil
horizons. With the time, the soil formation,
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mobilization and redistribution of elements
during weathering sequenced by several
pathways (Carnicelli and Costantini, 2013). The
collection of pedogenic calcium carbonates is an
important pedogenic procedure for arid and
semi-arid regions and horizons enhanced with
pedogenic calcium carbonate are often the most
distinguishing features in such soils, and the
appearance of both calcium carbonate
aggregation and oriented clay at the same
horizon indicates a complicated history of
carbonate leaching, secondary calcite deposition,
and clay illuviation (Khormali et al., 2012). The
parent material characters and chemical
composition plays a substantial role in defining
soil properties, particularly through the early
development stages. Soils developed on parent
material that is coarse grained and formed of
minerals resistant to weathering are probably
presented coarse grain texture. Fine grain soil
develops where parent material consists of
brittle, readily weathering minerals. Soils formed
over sandstone are low in soluble bases and
coarse texture, making leaching easier
(Earthonlinemedia.com, 2020). In line with this
Egli et al., (2014) suggest a clay accumulation
index which vyielded a useful relationship
between clay accumulation and age in Bt
horizons  (Argillic horizons). Soil textural
analysis is a key component of any minimum
data set used for assessing soil quality and
sustainability ~ of  agricultural-management
practices (Kettler et al.,2001). This study aimed
to specify soil formation and development in
different locations at Sulaivani plain according to
the particular criteria.

2. METHODS AND MATERIALS

2.1. Study Area and Field Works with Soil
Samples Preparation

The study area located at the Selivany plain in
Duhok governorate, Kurdistan Region, Iraq
(Figure, 1). Digging (14) pedons, one in each
study location, and specify soil horizons
according to the principles of soil survey staff
(2006) with taking (43) soil samples from
horizons in all studied pedons, then air dried,
grinded and sieved by (2) mm sieve for physical
and chemical analysis. The area of each study
location was approximately equal to (100)
Donum.
2.2. Laboratory Analysis

Particles size distribution determined by
hydrometer method as described by (Klute,
1986). Soil pH and EC were measured in soil
suspension (1:1) (soil: water) with using pH-
meter, and EC-meter according to (Rowell,
1996). Soil organic matter was determined by
wet combustion method with using potassium
dichromate as oxidizing agent (Walkley and
Black, 1965). Total carbonates measured with
using calcimeter device (Loeppert and Saurez,
1996). Active carbonate was determined by
using ammonium oxalate (0.2) N according to
the method of Kozhekov and Yakovleva (1977).
Cation exchange capacity was measured by
flame photometer as used by (Polemio and
Roads, 1977). Total soil nitrogen was
determined after digesting the soil sample by
sulfuric acid (H,S0Q,), according to (Bremner
and Mulvaney, 1982), with using Kijeldahl
apparatus.
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Fig. (1): Image showing the location of the study area (using Landsat 8)

3. RESULTS AND DISCUSSION

3.1. Soil Reaction and Electrical Conductivity

The pH of the studied soils is slightly
alkaline as a result of the increasing calcium
carbonate and in general the pH value of the
studied pedons tends to rise slightly with
increasing depth, this is due to the fact that the
studied soils are derived from calcareous. The
lowest value of soil pH was (7.14) on the
horizon (B1hk) in pedon (1) attributed to the
influence of humified organic matter and organic
acids formed as a result of the decomposition
organic matter, while the highest value of soil
pH was (7.87) in the subsurface horizon (Bw) of
pedon (12) due to the increase of active calcium
carbonate and the low content of organic matter
at this horizon (Table, 1). The results of the
electrical conductivity for all the samples
denoted that the soils of the studied locations
were not saline soils and have low values of EC,
the studied soils derived from limestone parent

material and contain a high amount of calcium
carbonate that is low soluble in water (Table, 1).
3.2. Cation Exchange Capacity (CEC)
Generally the values of CEC increased with
increasing clay content and low sand when the
highest value was 36.24 Cmole.kg” in (Bt)
horizon in pedon (9) which has clay content
(511) g. kg* and sand (49) g. kg™, while the
lowest value of CEC (14.34) Cmole.kg™* was
found in (Ap) horizon in pedon (1) which has the
value of clay content (226 g. kg™) and sand (559
0. kg) (Table, 1). These results agreed with
Khresat and Qudah (2006) who showed that
CEC values are dependent on soil texture. CEC
increased in deep soil horizons in study pedons
(3, 7, 8,9 10, 12, 13, and 14) as a result of
increase clay content towards the downward
direction of soil pedons by rainfall action, and
occurring of lessivage process, whereas CEC
values decrease with depth in pedon (5, and 11),
this may be due to the effect of decrease clay
content with depth. The cation exchange
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capacity fluctuated between increase and
decrease in study pedons (1, 2, and 4) this may
be attributed to the conditions of each soil pedon
moreover the effect of cracks, soil structure, and
carbonate, (Table, 1).
3.3. Organic Matter

The highest organic matter content (47) g. kg
! was found in the lower horizon (Ch) in pedon
(14) at Msirike location, this is because of
existing large cracks that causes translocate of
organic matter as a litter from upper horizons to
lower horizon. The lowest value (15) g. kg™ was
noted in (Ap) horizon in pedon (1) at Marina
location (Table, 1) as a result of digging pedon
near the valley and increase slopping, in turn,
increase erosion and removal of organic matter.
The results indicated that the amount of organic
matter was higher in the soil surface and
decrease with depth in soil pedons (3, 4, 5, 7, 8,
11, and 13) this is due to the accumulation of the
considerable amount of plant residuals (litter) at
the upper part of the soil, and increasing
organisms activity in the biosphere at the root
zone, in turn, causes decomposition of litter and
increasing humified organic matter in the surface
horizon of soil under the effect of optimum soil
moisture regime and optimum soil temperature
regime, since there is a close association
between the precipitation, temperature and the
level of soil organic matter as observed by
Pulleman et al., (2000).

In spite of ordinarily, soil organic matter
accumulates at surface soil horizons, however,
the organic matter content was decreased in
some soil surface horizons and increased
towards downward in the subsurface and deep
horizons as shown in pedons (1, 2, 9, 10, 12, and
14), this was attributed to different reasons such
as occur erosion process as a result of rainfall
effect and increase location slope, on the other
hand, study soils considered Vertisols that
contain cracks in different sizes and occurs
pedoturbation of soil in pedon by up to down it
and self- churning of pedon materials, in turn,
trans-locating organic matter from surface
horizons to subsurface and deep horizons,
additionally, existing plant roots contribute in
increasing organic matter in these horizons. We
have noticed and concluded in many pedons of
study locations the organic matter was higher in
the subsurface and deep horizons more than it in
surface horizons this is attributed to the effect of
cracks because of study soils followed Vertisols
order according to USDA soil taxonomy.
Consequently, the humification process can

occur in different soil horizons not just in
surface horizons in Vertisols in contrast to other
soil orders that have ordinarily, high organic
matter in surface horizons.
3.4. Total and Active Carbonate

The amount of total carbonate content
generally increased with increasing depth in the
subsurface or downward soil horizons this due to
the origin of parent materials that were derived
from limestone, the carbonate distribution
pathway explained the vertical increase in some
study pedons as in pedons (4, 6, 8, and 9),
(Table, 1) but in general, the distribution pattern
showed fluctuation in carbonate content among
soil horizons in remaining study pedons. Total
carbonate content values were ranged between
(180.9-319.8) g.kg™ of study soils. The lowest
value of carbonate (180.9 g.kg™*) showed in soil
horizons (B2ss, Ch, and B2th) in pedons (2, 5,
and 7) respectively, this may be due to the
conditions of soil formation in each pedon
separately. While, the highest value was found in
the subsurface horizon (Bw) in pedon 12 at
Gerash location, this highest value due to the
high weathering of parent materials, which was
derived from limestone and occurring
calcification process that included accumulation
of calcium carbonate because of rainfall effect.
Generally studied soils consider as calcareous
that have a high content of carbonate minerals as
a result of the calcification pedogenic process.
The differences in distribution manner, and
carbonate minerals content along soil pedons
and among its horizons indicated to development
of studied soils, contrary, in the immature soil,
carbonate distribution ordinarily is homogeneous
as a result of decrease the effect of pedogenic
factors in the soil formation. On the other hand,
the comparison of total carbonate in surface
horizons of study pedons appear the high value
in pedon (12) but commonly the general
distribution of total carbonate in (Ap) surface
horizon was located in two major zones the first
was in a gray zone (200- 220) g. kg™ that include
pedons (1, 2, 4, 6, 8, 9, and 10) and the second
was in the brown zone (220- 240) g. kg™ which
include pedons (5, 7, 11, 13, and 14) (Figure, 2)

The value of active carbonate ranged between
(70- 280) g. kg* which was found in (Bh)
horizon in pedon (8) and (Bw) horizon in pedon
(12) respectively. The distribution of active
carbonates in soil pedons (2, 4, 9, 10, 11, 12,
and 14) of study locations generally increased
with depth as a result of leaching and most the
active carbonates are associated with clay
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particles that are increasing with depth, and
these results agreed with similar results of
(Rashid, 2017) about carbonate distribution. On
the other hand, the active carbonate in the
remaining study pedons fluctuated between
increasing and decreasing and this is due to the
conditions of each soil pedon (Table 1). The
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studied soils contain a considerable amount of
active carbonate that affecting soil properties
such as reducing cation exchange capacity
through coating soil particles and increasing this
particle size in turn decrease adsorption cations
on it surfaces, increase soil pH values, and
causes  calcification  pedogenic  process.
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Fig. (2): Spatial distribution of total calcium carbonate in (A) horizon of the studied pedons

3.5. Particles Size Distribution

The particle size distribution indicated to a
relatively high clay content of soil samples and
its content at the surface horizons is lower than
that of the subsurface and deep horizons for
most studied pedons. In spite of this, in other
pedons, the clay content fluctuated between
increasing and decreasing for different soil
horizons. An increasing in clay content with
increasing soil depth may be due to in situ clay
formation, or may be due to the lessivage
process as a result of leaching. The highest clay
value was (551 g kg) in the surface horizon
(Ap) at Kwashi location and in the underlying
horizons (B2t, and Blss), (541 g Kg™) at
Shkavdle and Kwashi locations respectively,
whereas the lowest clay content value was (191
g-kg™") in the surface and subsurface horizons
(Ah, and Bw) in pedon (6) at Batilel location

and in (Ch) horizon in pedons (11) at Batile2
location. Figure (3) show the scatter process in
the clay content distribution in the surface (Ap)
horizon of study pedons on different contour
lines and was not concentrated on a particular
contour line, this is due to the wide differences
in clay content of A horizon for the study pedons
and cannot be specified particular zone of clay
content distribution and considering as the major
zone of clay content in spite of this, the clay
content was in the general range demands of
Vertisols formation.

Despite the fluctuation in silt content in some
pedons (2, 4, 5, and 11) but the distribution of
silt content in most study pedons (1, 3, 6, 7, 8, 9,
10, 12, 13, and 14) has a reverse pattern with
clay content that was decreasing with depth as a
result of alluvial deposits as illustrated by
(Wright, 1990), in addition to the effect of loess
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deposits. Sand content has different patterns of
distribution in all studied pedons, and there is no
uniform pattern of sand distribution in soil
horizons of study pedons but in general, in many
pedons was concentrated at surface horizons
whereas in other pedons concentrated in
subsurface horizons (Table, 1). In general, the

high value of clay and silt content indicates to
soil development and the clay content increasing
towards subsurface horizons of soil pedons by
the mechanical migration of fine soil particles as
a result of increasing precipitation in the study
locations.
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Fig. (3): Spatial distribution of clay content in (A) horizon of the studied pedons

3.6. Development of Study Soils

The soil C: N, ratio is a good indicator of the
status of pedogenic processes for soil
development. The high C: N ratio (> 25 on a
mass basis) indicates that organic matter is
accumulating faster than it is decomposing.
Evidently, when the C/ N ratio is low that
indicates the dominance of the humification
process, whereas if the C/ N ratio is high that
means the dominance of the littering process.
Study results showed that most of the soil C: N
ratio values ranged from (4.51) to (26.99),
(Table, 2) indicating that the organic matter is
thoroughly broken down. Generally, in many
studied locations, humification processes of
organic matter are predominate because the ratio
of carbon to nitrogen (C / N) is less than 25, and
as mentioned above, a decrease in the C / N ratio
is an indication of an increase in decomposing
organic matter in the soil because it is
agricultural land which always cultivated and
rain-fed irrigated depending on the annual

precipitations since the soil moisture regime was
Xeric and because the climate of study locations
similar Mediterranean Sea climate at the same
time the high activities of organisms, especially
macro-organisms (Rodents, worms...etc.) as has
been mentioned in the morphological description
of the study locations all of these reasons played
an important role in the decomposition of soil
organic matter and increase humus formation
(humification) concurrently, decreased soil
organic matter content as a litter that caused
decrease C/N ratio, and relatively led to soil
development. While in contrast, accumulation of
organic matter (litter) and the littering process is
dominants at the surface horizon (Ap) in soil
pedons, 7, 11, and 14 at Gereshin- cross, Batile,
and Misirke locations respectively.
consequently, and as mentioned above, the
increase in C/ N ratio in these pedons is
considered an indicator of less decomposition
organic matter and accumulation of litter on the
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soil surface because of the weeds and very
difficult to decomposition it.

Total clay in B horizon / Total clay at A
horizon, which is also one of the important
indicators for specifying the soil development, if
the ratio is more than 1, the soil is classified as
highly developed soil and in contrast, if the ratio
is less than 1 then the soil is considered
moderately developed (Gunal and Ransum,
2006). Depending on this opinion the most of the
studied locations in pedons (1, 3, 7, 8, 9, 10, 12,
13, and 14) considered as well developed soils
because, clay particles translocate from surface
soil horizons to the subsurface horizons and its
accumulation there to form illuvial horizons
richer with clay particles. As well as the study
soils have more differentiation in their horizons
as a result of the high intensity pedogenic
processes particularly eluviation, illuviation,
lessivage, humification, calcification, and
weathering processes. All these processes
evented over a long period of time, consequently
caused genesis and development of soil horizons
which are rich with clay minerals; this result
agrees with similar results that were indicated by
(Alonso et al., 2004). While in pedons [2, 4, and
11] are considered as moderately developed soil
because the ratio of total clay in B-horizon/ total
clay in A-orizon is less than 1, and the soils of
pedons (5) considered as not developed soil
because it only consists of two horizons (A and
C) and absence of B horizon because this soil
considered Inceptisols that mean the weathering
process and other pedogenic processes have not
occurred in enough intensity to translocate clay
from the upper surface in turn did not form the B
horizon.

The ratio of Active carbonate/ Total
carbonate is another index used for explaining
the soil development, as much as this ratio
increases it means the intensity of pedogenic
processes increase and horizons  more
differentiation. Generally, the ratio of (Active
carbonate/ Total carbonate) was high and the
ratio was ranged between (0.31-3.14) and this is
maybe due to the high weathering intensity of
parent material, which was derived from
limestone and caused accumulation of calcium
carbonate, so increased the ratio mass of active
carbonate to total carbonate. This proves the
previous results that indicate the study soils were
more development (Table, 2).

Depending on the chemical, and physical
analysis of study soils, the following pedogenic
processes can be indicated loss, gain, leaching,
illuviation, eluviation, alkalization, humification,

lessivage, desalinization, calcification,
decomposition, synthesis, pedoturbation, and
braunification, these considered the major

pedogenic processes for soil formation and
represent an important criterion in studying soil
development. According to these processes, can
be differentiated studied pedons to different
horizons as a result of vigorously occur these
processes. The results proved that the studied
soils were development, because of the
occurrence of many important pedogenic
processes that were previously mentioned. On
the other hand, soil forming factors have an
important role in developing the soils under
study, particularly climate which overlaps with
other factors. The intensity of these factors
specifies vigorous of soil forming processes that
are dominant in studied pedons.
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Table (1): Some Chemical and Physical Properties of the Studied Pedons

Pedon Depth Location pH EC PSD g.kg™ Texture O.M. CEC Total Active
dS.m CLA SAND SILT g.kg-1 Cmole. Carbon Carbonat
! v kg™ ate eg.kg™
g.kg”

1 Ap 0-30 Marina 737 022 226 559 215 Sandy 15.24 14.347 202.00 140
Clay
Loam

B1hk 30-120 7.14 0.23 286 379 335 Clay 31.13 20.527 315.63 130
Loam

B2hk  120- 165 784 024 371 379 250 Clay 21.86 18.172 277.76 130
Loam

2 Ap 0-15 Kwashi 7.07 0.20 551 74 375 Clay 24.51 32.452 210.42 80

Blss 15 - 45 7.45 0.21 541 9 450 Clay 28.48 32.747 231.46 140

B2ss 45 - 130 7.74 0.33 486 4 510 Clay 21.86 28.672 180.96 140

3 Ap 0-12 Bastki 7.69 0.30 491 34 475 Silty 35.11 31.572 269.34 190
Clay

Blss 12- 40 785 0.21 476 84 440 Silty 33.78 30.557 248.30 190
Clay

B2ss 40- 145 7.72  0.29 526 84 390 Clay 33.12 32.924 277.76 160

4 Ap 0-25 Balqusi 7.7 0.32 516 109 375 Clay 21.86 30.172 202.00 140

Blss 25-75 7.74 0.35 476 74 450 Silty 20.54 27.907 210.42 180
Clay

B2ss 75- 125 7.76 027 501 99 400 Silty 15.90 28.230 231.46 200
Clay

5 Ap 0-26 Asihe 7.38 0.36 401 74 525 Silty 41.73 28.397 231.46 140
Clay

Ch 26 - 88 741 033 351 99 550 Silty 35.11 24.572 180.96 140
Clay
Loam

6 Ah 0-22 Batil 1 751 0.38 191 219 590 Silty 35.11 16.572 206.21 160
Loam

Bw 22- 42 7.38 1.04 191 274 535 Silty 31.13 15.777 227.26 100
Loam

Cth 42- 82 C- 759 054 401 169 430 Silty 41.07 28.264 273.55 86
horizon Clay

Ab 0- 7.75 0.32 401 119 480 Silty 31.80 26.409 286.17 220
28(Burred) Clay

Bb 28- 38 7.77 0.30 226 244 530 Silty 17.22 26.409 235.67 140
Clay

Cb 38-73 7.65 0.33 331 224 445 Clay 21.86 20.922 277.76 140
Loam

7 Ap 0- 30 Gereshin  7.62 0.21 331 109 560 Silty 35.77 23.704 231.46 190
Cross Clay
Loam

B1h 30- 70 7.73 022 226 54 720 Silty 28.48 16.997 186.34 140
Loam

B2th 70- 140 751 0.26 506 19 475 Silty 35.11 32.322 180.96 140
Clay

8 Ap 0-35 Gereshin 7.7 0.30 296 124 580 Silty 30.47 20.894 202.00 150
Clay
Loam

Bh 35- 95 716 031 331 89 580 Silty 28.48 22.247 223.05 70
Clay
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Silty
Clay
Loam

31.80
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Bh

17- 82

Ch

82- 150

Mogble

7.76
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Ap

0-42

Bh

42- 77

Ch

77- 127

Msirike

7.41

0.32

226

154

620

Silty
Loam

39.08

19.117

239.88

90

7.58

0.35

261

139

600

Silty
Loam

40.41

21.132

214.63

80

7.51

0.34

261

114

625

Silty
Loam

47.03

22.456

256.71

140

254
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Table (2): Parameters Used in Soil Development Criteria

Pedon Depth Location Active Carbonate / Total Clay in B Horizon/  C/N ratio
Total Carbonate Total Clay in A Horizon

1 Ap 0-30 Marina 0.69 1.454 451
B1hk 30-120 0.41 21.50

B2hk 120 - 165 0.47 9.06

2 Ap 0-15 Kwashi 0.38 0.932 16.92
Blss 15- 45 0.60 14.75

B2ss 45 - 130 0.77 7.55

3 Ap 0-12 Bastki 0.71 1.02 18.18
Blss 12- 40 0.77 17.50

B2ss 40- 145 0.58 17.15

4 Ap 0-25 Balqusi 0.69 0.947 11.32
Blss 25- 75 0.86 10.64

B2ss 75- 125 0.86 8.23

5 Ap 0-26 Asihe 0.60 - 14.41
Ch 26 - 88 0.77 12.12

6 Ah 0-22 Batil 1 0.78 1.00 18.18
Bw 22- 42 0.44 16.12

Cth  42- 82 C-horizon 3.14 21.27

Ab 0-28(Burred) 0.77 0.564 13.17

Bb 28- 38 0.59 5.95

Cb 38-73 0.50 9.06

7 Ap 0- 30 Gereshin Cross 0.82 1.106 24.70
Bilh 30- 70 0.83 9.83

B2th 70- 140 0.77 14.55

8 Ap 0-35 Gereshin 0.74 1.118 21.04
Bh 35- 95 0.31 14.75

Ch 95- 150 0.55 15.55

9 Ap 0- 15 Smile Ava 0.45 1.396 7.68
Bt 15- 130 0.81 11.80

10 Ap 0- 20 Shkavdle 041 1.044 13.04
Blw 20- 53 0.86 9.88

B2t 53- 152 0.67 13.72

11 Ap 0- 22 Batil 2 0.54 0.554 25.62
Bh 22 - 67 0.65 11.25

Ch 67- 140 0.70 17.38

12 Ap 0-16 Gerash 0.64 1.177 9.88
Bw 16- 88 0.88 9.26

Bss 88- 165 0.92 13.17

13 Ap 0-17 Mogble 0.59 1.449 11.89
Bh 17- 82 0.54 11.53

Ch 82- 150 0.46 8.46

14 Ap 0- 42 Msirike 0.38 1.155 26.99
Bh 42-77 0.37 16.74

Ch 77- 127 0.55 24.36

4. CONCLUSIONS

According to the obtained results of this
study it can be concluded the study soils were
non- saline slightly alkaline, and CEC increased
with increasing clay content towards the
downward direction of soil pedons. Total

carbonate content increased with depth, and the
active carbonates are associated with clay
particles that are increasing with depth. Many
pedons of study locations have higher organic
matte in the subsurface and deep horizons more
than it in surface horizons and humification
process occur in different soil horizons not just
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in surface horizons in Vertisols. There is a
scatter process in the clay content distribution in
the surface (Ap) horizon on different contour
lines and was not concentrated on a particular
contour line, and the high value of clay and silt
content indicates to soil development. The major
pedogenic processes that are indicated to the soil
development are loss, gain, leaching, illuviation,
eluviation, alkalization, humification, lessivage,
desalinization, calcification, decomposition,
synthesis, pedoturbation, and braunification.
Determining the following criteria C: N, ratio,
Active carbonate/ Total carbonate, and Total
clay in B horizon / Total clay at A horizon
generally, proved the development of the studied
soils.

REFERENCES

Alonso, P., Dorronsoro, C. and Egido, J.A., 2004.
Carbonatation in palaeosols formed on
terraces of the Tormes river basin (Salamanca,
Spain). Geoderma, 118(3-4), pp.261-276.

Bockheim, J., Gennadiyev, A., Hartemink, A. and
Brevik, E., 2014. Soil-forming factors and Soil
Taxonomy. Geoderma, 226, pp.231-237.

Bremner, J., and C. Mulvaney, (1982): Methods of
soil analysis, part 2 chemical and
microbiological properties, 595-624

Carnicelli, S. and Costantini, E.A., 2013. Time as a
soil forming factor and age of Italian soils.
In The Soils of Italy (pp. 93-104). Springer,

Dordrecht.

Durand, N., Monger, H.C., Canti, M.G. and
Verrecchia, E.P., 2018. Calcium carbonate
features. In Interpretation of

micromorphological features of soils and

regoliths (pp. 205-258). Elsevier.
Earthonlinemedia.com. (2020). [online] Available at:

https://www.earthonlinemedia.com/ebooks/tpe

_3e/soil_systems/soil__development_soil_for

ming_factors.html [Accessed 18 Feb. 2020].
Egli, M., Dahms, D. and Norton, K., 2014. Soil
formation rates on silicate parent material in
alpine environments: Different approaches—
different results, Geoderma, 213, pp.320-333

P.E. and Drohan, PJ., 2009. Clay

accumulation and argillic-horizon
development as influenced by aeolian
deposition vs. local parent material on
quartzite and limestone-derived alluvial
fans. Geoderma, 151(3-4), pp.98-108.

Elliott,

Gunal, H. and Ransom, M.D., 2006. Genesis and
micromorphology of loess-derived soils from
central Kansas. Catena, 65(3), pp.222-236.

Kettler, T.A., Doran, JW. and Gilbert, T.L., 2001.
Simplified method for
determination to accompany soil-quality
analyses. Soil Science Society of America
Journal, 65(3), pp.849-852.

Khormali, F., Ghergherechi, S., Kehl, M. and Ayoubi,
S., 2012. Soil formation in loess-derived soils
along a subhumid to humid climate gradient,
Northeastern Iran. Geoderma, 179, pp.113-
122.

Khresat, S.A. and Qudah, E.A., 2006. Formation and
properties of aridic soils of Azraq Basin in
northeastern ~ Jordan. Journal ~ of  arid
environments, 64(1), pp.116-136.

Klute, A, (Ed). 1986. Method of Soil Analysis. Part 1:
Physical and Mineralogical Methods, 2nd
Edition. Agron. Monogr. 9, Madison WI.

Kozhekov, O. K. and N. A. Yakovleva. (1977).
Determination of carbonates and carbonate
minerals in soils. Soviet Soil Sci. 9:620-622.

Loeppert, R. and Suarez. D. (1996). Method of soil
analysis part 3. Chemical methods. Soil Sci.
Soc. Am. And Am. Soc. Agron., 677, S. Segoe
Ed., Madison Wisconsin 53711, USA, SSSA.
Book Series No. 5.

Madigan M. and Martinko J. (2006) Brock, Biology
of Microorganisms. 1len edition. Pearson
Education International. Christian Leveque &
Jean-Claude.

Mavris, C., Egli, M., Plétze, M., Blum, J., Mirabella,
A., Giaccai, D. and Haeberli, W., 2010. Initial
stages of weathering and soil formation in the
Morteratsch proglacial area (Upper Engadine,

soil particle-size

Switzerland). Geoderma, 155(3-4), pp.359-
371.
Polemio, M. J. and Rhoads. J. D. (1977).

Determination cation exchange capacity a new
procedure for calcareous and gypsiferous soils.
Soil Soc. Am. Proc. 18:365-368.

Pulleman, M.M., Bouma, J., Van Essen, E.A. and
Meijles, E.W., 2000. Soil organic matter
content as a function of different land use
history. Soil Science Society of America
Journal, 64(2), pp.689-693.

Rashid, A.A., 2017. Effect of Parent Materials and
Climatic Conditions on Development and

256



257

Journal of University of Duhok., Vol. 23, No. 2 (Agri. and Vet. Sciences), Pp 246-258, 2020

Micromorphological Features of Some Soils in management of cracking clay soils (vertisols)
Northern Irag. Tikrit Journal for Agricultural of India. Clays and Clay Minerals 50, 111-
Sciences, 17, pp.36-50. 126.
Rowell, L. (1996). Soil science. Methods and Walkley, A. and Black. 1. (1965). Determination of
application. Reading. Univ. UK. organic matter. In:C. A. Black. Method of soil
Soil Survey Staff. 2006. Keys to soil taxonomy tenth analysis. Part 2. Agronomy No. 9. Am. Soc.
edition, United States, Department of Of Agron., Inc. Madison, Wisconsin, P. 1373-
Agriculture natural resources conservation 1376.
service. Sw. Washington DC. Wright, V.P., 1990. Estimating rates of calcrete
Srivastava, P., Bhattacharyya, T., and Pal, D.K, formation and sediment accretion in ancient
2002. Significance of the formation of calcium alluvial ~ deposits. Geological Magazine,
carbonate minerals in the pedogenesis and 127(3), pp.273-276.

(S 903 LASIHL J glinl Lidios J ¥ gund 8 Lidasics o o9
Slyse (Sl ysS Liyan

&> 94
(14) .8lse (PliwsysS ldyda (Ssas LaSHL J Lalile Ly 48dSs rplgSa8 Liax ol
oxds Ll 9983 (i sSawog aila o (idgSad Ldx ol tlage (Saga J cliyan (¥oS adla y3ag
EU (eS8 aile Sdidag jan uswl LU 5 yLidiggad (43) LiySsee o (morphology) yle
4l ydud (1 dgSd8 (p5dass 3 18 ligwl WilyeS Wil 5. CEC (i Sdong BasU o (sl ads
30§ oislede acas odeSa Lax ol sl L ddi UleCy Uggsaady 3454 5 ggseady (oS
o 13 530 BUs a3 powl 31 gydw gwl § alaids lsle LiwlagSdd ppalxidd 5 Vertisols
4l yud deSad (s w3 tSUonlS il eda sls o (Soggy by Ussan Lwogyda
S oyay cluos 1ole g30a33 Sga tgauudS 13LsS 63a8 4 § (il g8 Uoguoaldy o caws 0433 (ysS
oS Wislade diias (doSdd Lida ol 05U Ludaliy o 0yddey SUgnylS 133y Ugadsdsls s gilolea.09:
A 13y Ugsan.DaSos ol (o 03U (ool yaw J 03500318 o anly 1ucd Ml 1 Sany S 153
U Lasaslicy o zdleli(clay and silt) 993 1335515 (pagwl § 9oyl gydw (pguwl
ol 1y oS ailey yawd 1 JeSdd (3B BUs o oS Soydus o35S B o ooland cpdss PETRRTXX
J oseamy (3ol hLisS (yesily s3ad (993ahasSThydud  ((pdaads (xS y0g (plaiwas))
O sl iy B 9 (99858 (e (ol WA froasle Bldds (o8l S (593 Usad§ (yls (a8
4l yaud ydeSad s 13 ylan ol A8 5 g9 Lubaslicy o 53U Ugsda &1 (Sosdw iggua
(CIN) o33l & S35 Loy (Ko cabs oSipiuwdd] saliids rtossle Uggmuny [3LsS «ysS
deSdad (25U (1o B potgwli s B0 0dd /I3 A 1ol s B0 s0dd) ydwd (pwdaiic o 25 § o yiasS
gos>didcy b 25U 5 iylela ads oS wdld yaud (14 513,12, 10, 9,8, 7,6, 3, 1)
3PS ok 8 byt puowl § wldgSeS widla iy (HEd ESWs ydSd § sdBogsy



Journal of University of Duhok., Vol. 23, No. 2 (Agri. and Vet. Sciences), Pp 246-258, 2020

L (L5UsnlS seaa / Mla 5iligyslS) 133y .8 (2Ss © wogr (pio) IS oS 48 55U o0y
lios oaossle yaud Tods OBy ooyl 1ylsS §s 4B s s (73.14-0.31) yadls o sasaily
998 oaicy b JddS (5S 45l yaud 1 JoS48 13U oS oS5l Gy pelaids (Segyan (slasgy
R IVELYWE ) 5

I 1 3UnylS 00U cpgwl, 85, oSS s coaosbdd Lgguiiasls , oos U Ludalicy sty dSad
SUslS 0

Slsall, (g LiwaysS Al dsas dbdloa 8 Sladud! Jguw & Poued sl s1okai o (4155

FRVES |

Q33 dge 43 03T Bhall (liwsyoS A8l oas Wablne 8 Jladls Jgu 6 duwlyal dabria gas
A8 duwgyaall dyydl il bl Gahll Bog LilesS o Lilisd el @ dwhyall Oligay 3T ;e
Ayl @5 yezss andl 8 el gona 8315 2o 31a3 da sl ddaldl daudl @8 > olall o dyolll
bl cod BBII 8 sls3 o dedand Y a8 dygdall slgall Lk cay Lo 130 9 3gunsS 58
S danluall I @8LoYL 31 ells 3 Bag>gall OULAI yoia danlus JI 635 53030 0 o ¢ digasll
codl 381 8 Baall 53L) go DUyl LIS goumall sls3y dalesall dyyal BT 8 ooyl dlac
S sl 55 d3d] oda ase wissS gl (Lol Balall) gyeadl smadl 3L 03e 3595 o dmland]
Aozl SUapy N 0 838 &iaS e dugyaall dyydl gound o> dpyidl 6 Sligy sl 2yjed 6 SMus-l
AN 8 olginag Leud duwgysall 4yl 6 sodall goumall pdiyy dalusiall &3yl (oSlas e 4355 I
Ayl yelks ) allly ol commal dJll dagdll s dedaadl cod BB 8w JBT dnandl
i 9] eIl Sl el a8801) sl all 5 B gl Bylandl Koy ddl] dgrgm gl Ollasll
Sl gl Mol | pulSdl  mlad] pas Sl Jadl, Jpadl dpseldll , xem sl aaall
Cl ) pemraxeadl I yonlfdl ds ¥ &gaall slgall (JLal 12655) Joadl Ollae sgud (SIS o dyyd)
Olgas alne L8 (A B3I 6 ol Jlax] /B 8831 8 cplall Jlax]) slinall B85 9 (25) oo J8T (N
Uy G yodadl] Bues dolysdl Uyi Syezel (14 913 612 5106968 87 96 63 ¢ 1) dulyall
8alal) A lall dygmdl I somy lasy 13 g (3.14-0.31) cpy cmglyig ddle il (&S gyySI / ddniad]
Uyl ¢ gana I ddaadl SU gy dAS deud B3l doas ol
SIS a1, Jlaall (s SN, dyydl BT, ¢l o]yl 5ol deom Liaall Lol

258





