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Figure 1. The location of studied area and excavated profiles. a) the position of studied area in Iran and West
Azerbaijan, b) the digital elevation model of studied area and position of soil profiles along toposequence
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Table 1. Summry of morphological, physicochemical properties and classification of studied soils

Particle size

Soil . Depth S . Color EC oC CEC CCE
profile  OMZON ) C?;;t“bg}:f” ) Structure moisty P @smy) (@)  (cmolkgl) (%)
P1: Loamy-skeletal, mixed, superactive, calcareous, mesic Typic Xerorthents

Ap 0-30 25 45 30 1, m, gr; m, bk 10YR4/4 7.8 0.22 0.43 19.3 21

1 CA 30-58 33 35 32 2,m,sbk;ma 10YR5/6 7.5 0.25 0.21 20.9 32
C 58-90 30 25 45 ma 10YR6/6 7.2 0.84 0.11 17.4 36.5

Cr 90-123 15 28 57 ma 2.5Y5/6 7.7 0.63 0.12 13.0 35.5

P2: Fine-loamy, mixed, active, calcareous, mesic Typic Xerorthents

Ap 0-28 29 46 25 2,fm,gr; 1,2, c,sbk 10YR4/4 7.5 0.33 0.59 21.9 33

2 AC 28-49 35 38 27 1,msbk,ma 10YR4/4 7.7 0.37 0.48 22.6 38
C1 49-113 33 32 35 ma 10YR6/6 8.1 0.69 0.23 18.9 425

C2 113-135 24 33 43 ma 10YR6/4 8.0 1.05 0.11 16.1 47

P3: Fine, mixed,active, mesic Typic Calcixerepts

Ap 0-33 34 48 18 2,m,gr;1,2,m,shk 10YR5/4 7.4 0.53 0.74 24.1 37

Bw 33-58 42 39 19 2m abk 10YR5/6 7.5 14 0.52 25.5 47

3 Bkl 58-86 48 35 17 2,m,c abk 10YR6/4 7.3 2.52 0.33 25.7 47
Bk2 86-112 41 34 25 2,3 cabk 10YR5/6 7.5 1.22 0.15 23.6 475

Bk3 112-158 44 31 25 2,3, m, c abk 10YR5/6 7.6 1.9 0.05 215 48

C 158-174 21 30 29 ma - 7.4 2.3 0.01 16.7 49.5

P:4 Fine, mixed,active, mesic Typic Calcixerepts

Ap 0-27 39 49 12 2mgr; 2,f,c, sbk 10YR5/4 7.3 0.54 0.77 25.3 315

Bw 27-43 48 30 22 2,3c, abk 10YR5/6 7.5 1.14 0.53 24.0 48

Bk 43-61 40 38 22 2,3,c,vc,abk 10YR5/6 7.3 1.91 0.38 22.7 48

Bkyl 61-75 35 35 30 2, mabk 10YR4/4 7.5 2.14 0.12 21.8 36.5

4 Bky?2 75-92 33 48 20 2,3 cabk 10YR4/4 7.6 2.8 0.12 18.8 34.5
Bky3 92-123 35 43 22 2,3 cabk 10YR4/4 7.5 3.25 0.15 19.3 37

Bky4 123-159 33 35 32 3, vc abk 10YR5/6 7.6  4.46 0.08 20.9 35.5

Bky5 159-170 43 20 17 3c,ve abk 10YR6/6 7.2 5.1 0.11 20.5 37

Cy 170-187 32 22 26 ma - 7.3 5.6 0.01 14.2 42
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Continue table 1. Summry of morphological, physicochemical properties and classification of studied soils

Particle size

Soil . Depth R, . Color EC oC CEC CCE
orofile Horizon (cm) C?;;trlbg'it:;)n (OSA;)nd Structure (moist) pH @smy) (%) (cmolkgl) (%)
P5: Fine, mixed,active, mesic Calcic Haploxeralfs
Ap 0-28 37 58 5 1,2, f,m,gr; 2,m, sbk 10YR4/4 7.8 0.59 1.19 26.9 35
Bw 28-42 44 46 10 2m abk 10YR4/4 7.2 0.91 0.85 28.6 375
5 Btkl 42-61 58 40 5 2m,c abk 10YR4/4 7.3 1.36 0.51 26.2 415
Btk2 61-82 55 43 2 2,3 ¢, abk 10YR4/4 7.4 2.52 0.37 30.6 425
Btk3 82-119 55 38 7 2, 3¢, vc, abk 10YR4/4 75 3.07 0.17 32.3 48.5
Btk4 119-185 58 40 2 3, vc, abk 10YR4/4 7.6 3.83 0.15 29.7 51.5
C 185-192 37 42 21 ma 10YR5/6 7.7 412 0.07 18.6 53
P6: Fine, mixed,active, mesic Calcic Haploxeralfs
Ap 0-35 40 50 10 2 mgr, 2 msbk 10YR5/6 7.6 1.39 1.39 29.1 33
Bw 35-54 45 47 8 1,2, m,c, abk 10YR5/6 7.7 1.36 1.07 30.6 35
Btk1l 54-70 55 38 7 2 c,vc abk 10YR4/4 7.6 1.87 0.67 334 40.5
6 Btk2 70-90 58 33 10 3cabk 10YR5/6 7.8 2.38 0.46 32.2 44
Btk3 90-110 57 33 10 3 cabk 10YR5/4 7.9 4.17 0.22 33.2 45
Btk4 110-130 61 30 9 3 ¢,vc abk 10YR4/4 7.4 5.58 0.17 35.7 47.5
Btk5 130-210 68 22 10 2,3 vc abk 10YR4/6 7.2 4.24 0.09 35.7 52.5
C 210-233 38 43 20 ma 10YR5/6 7.9 4.6 0.05 21.3 57

Jsls s b :CEC | (soil reaction) s+ usi, :pH ; (electrical conductivity) < =01 culas <L :EC ; (calcium carbonate equivalent) Jstw oodS oy S 4,3 CCE
. (organic carbon) JJi - s 1,5 :OC ; (cation exchange capacity) .58

(structure)*slaz=Lo

(strong) s 5 :3 ; (modrate) s 5 b 2 ; (Weak)ins :1 @

(very coarse) s > = VC ; (coarse)c.:,s € ; (medium) Lew. o :m ; (fine) ., f ; (very fine) ., L= vf b

(granular) ¢lls gr ; (subangular blocky) s 43 x5 :sbk ; (angular blocky) jisaz S =S bk ; (single grain) slalscss :8g 5 (Massive) sles 5 :ma (€
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Table 3. The values of gypsum and sulphate in soil profile 4

Soil profile Horizon ?;quh?tg Gypsum (%)
Ap 7.4 1.84
Bw 11.3 2.1
Bk 15.6 3.72
Bkyl 62.6 10.93
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Bky4 87.6 23.22
Bky5 93.3 28.74
Cy 39.6 16.71
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Figure 2. X-ray diffractograms of selected studied soils. a) Ap horizon of profile 1, b) C1 horizon of profile
2, ¢) Btk4 horizon of profile 5 and d) Btk5 horizon of profile 6
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Table 5. Semiquantitative analysis of clay minerals in clay fraction of some of the studied soils

Soil

(clay minerals)

profile Horizon Ilite Smectite  Kaolinite Chlorite  Vermiculite  Palygorskite

Ap +++ ++ ++ + + --

1 CA ++++ + ++ ++ + --
C ++++4+ + +++ ++ -- --

2 Ap ++ +++ ++ ++ + --
C1 ++++ + ++ ++ - --

Ap ++ ++ ++ + + --

Bkl +++ ++ ++ ++ + -

3 Bk3 +++ +++ ++ ++ - -
C ++++ + ++ +++ -- --

Ap + +++ + + + -

4 Bky2 ++ +++ + + + +
Bky4 ++ +++ ++ ++ + ++

Bky5 +++ ++++ ++ ++ -- +

Ap + +++ + + + --

Btk2 ++ ++++ + + ++ -

S Btk4 ++ +++++ ++ + + -
C ++++ + ++ ++ -- --

Ap + +++ + ++ ++ --

Bw + ++4++ + ++ ++ --

Btk2 ++ ++++ + + + -

6 Btk4 ++ +++++ + + - -
Btk5 ++ +++++ + + - -

C

++++

++

++

-- did not detected ; - <1 % ; + <10% ; ++ 10 -20 % ; +++ 20-30% ; ++++ 30-40% ; +++++ > 50%
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Abstract

In order to study the effects of topography on morphological, physicochemical and mineralogical
properties of soils, a toposequence composed of three land types (hills, plateau and piedmont plain)
in Heydarabad region in the south west of Urmia Lake between Urmia and Mohammadyar cities was
investigated. Considering the variations in slope and elevation, type two soil profiles were dug,
described and classified in each land and soil samples were taken from genetic horizons and their
physicochemical and mineralogical properties were determined using standard methods. According
to the results, the depth of soil, solum thickness, the depth and thickness of calcic horizons, the values
of clay content, organic carbon, cation exchange capacity, electrical conductivity and calcium
carbonate equivalent of soils were increased with decreasing in the slope and elevation of region to
the downward of toposequence. Additionally, in the lower part of toposequence (piedmont plain land
type), vertical translocation of clay has been lead to the formation of argillic horizons. According to
clay mineralogical investigations, illite, smectite, chlorite, kaolinite, vermiculite and palygorskite
were the major clay minerals in these soils. Clay mineralogical investigations revealed that in the
higher parts of toposequence (soil profiles 1 and 2, hills land type) illite and chlorite were the
common clay minerals. Gradually, with decrease in slope, the content of smectite in soils were
increased and reached to the highest value and become the dominant clay mineral in the lower part
of toposequence (soil profiles 5 and 6, piedmont plain land type). In soil profile 4 (plateau land type),
in addition with smectite and illite, palygorskite is present as one of common clay minerals.
Variations of topography from hills to plateau and piedmont plain have been effected the value of
runoff, the amount of penetrating water and vertical translocation of salts and so affected the
development and evolution of soils. Finally, differences in physicochemical and mineralogical
properties of soils have been lead to the differentiation of soils along toposequence and their
classification in three orders Entisoils, Inceptisols and Alfisols.
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