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Abstract

Introduction Addressing the effect of soil diversity on landscape, as a set of different land units
with different spatial distribution, shape, and arrangement that are affected by natural phenomena
and human activities, is essential for optimal use, proper management and conservation of this
valuable resource. Soil diversity is a criterion for quantifying soil variability that deals with
changes in soil properties or classes and understanding the structure of these changes in the area.
Soils evolve continuously under the interactive effects of propulsion and backward pathways,
factors, processes, and endogenous and exogenous conditions. In other words, the development
of soils is a function of divergent pedogenic pathways (increasing soil evolution followed by
increasing soil diversity) and converging (increasing soil evolution followed by increasing soil
uniformity). In the present study, we investigate the relationships between soil-landscape
evolution in a hierarchical sequence of different soil classification and geomorphic levels using
diversity indices in some parts of Junegan plain, Chaharmahal va Bakhtiari province, as an
example of semi-arid regions.

Materials and Methods The study area, which is approximately 16000 hectares, is located in the
Junegan plain, Charmahal va Bakhtiari province, Iran, between the coordinates of 50° 33" and
50°44'E longitude and 32° 5' and 32°16'N latitude. Based on the US Soil Taxonomy (Soil Survey
Staff, 2014), the study area has a Mesic soil temperature regime and the soil moisture regime is
mainly Xeric and partially Aquic. A total of 102 soil profiles were dug, described and classified
up to the great group level according to US Soil Taxonomy system, and soil samples were
collected from various genetic horizons. Mountains, hills, piedmonts and low lands were the
main detected landscapes in the study area. In order to investigate the soil evolution and the
spatial structure of landscape changes, pedodiversity indices were calculated at different
taxonomy hierarchical levels (from order to great group in Soil Taxonomy classification) and
geomorphic hierarchical levels (landscape, landform, lithology and geomorphic surface) using
appropriate indices such as the Shannon diversity index, richness index, Margalef Index,
Menhinick Index and O’Neill index.

Results and Discussion The soils in the studied area were classified in three main soil orders
including Entisols, Inceptisols and Mollisols. The results demonstrated that soil evolution in the
studied area was influenced mainly by topography and parent material and locally by the
underground water level. In the higher lands (like mountains and hills), the lowest evolution was
observed, whereas more evolved soils were observed in lower lands with more stable conditions.
The results also indicated that all pedodiversity indices showed a nearly similar trend and
increased as the taxonomy and geomorphic hierarchy levels decreased in a way that the minimum
diversity was related to order and landscape levels and the maximum diversity was observed in
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soil great group and geomorphic surfaces levels. Besides, there was a positive linear relationship
between species richness index and area of landform units. In other words, as the area of
landform units increases, the diversity and, consequently, the richness index increases. The
results also show a positive and nonlinear relationship between number of observations and
Shannon entropy index and species richness index.

Conclusion The results indicated that soil evolution and its properties are affected by some soil
formation factors including parent material and topography. In conclusion, it seems that diversity
indices are powerful tools in quantitative demonstrating of soil diversity and providing useful
information for soil mapping and optimum soil management purposes. In this study, various soil
differentiation indices were calculated and reported for the level of classification hierarchy as
well as geomorphic hierarchy. The results showed that by decreasing the level of hierarchy the
dispersion indices increased. This upward trend indicates that soil evolution is divergent in this
region and as the soil evolves, its dispersal increases. Our findings also showed that by increasing
the area of earthquake surfaces both species richness index and Shannon entropy index increased.
Moreover, a positive and non-linear relationship was observed between both Shannon entropy
indices and species richness indices. Increasing soil richness and dispersion index in geomorphic
hierarchy and soil classification as well as increasing richness and Shannon indexes with
increasing extent of earthquake surfaces indicate that the soils studied are a nonlinear dynamic
system..
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Figure (1) Location of the studied area in Chaharmahal va Bakhtiari province and geological map of
the region along with sampling points
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Table (1) Description of lithological formations in the studied area
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Table (1) Description of geomorphic surfaces in the studied area
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Table (3) Statistical description of some of the measured physical and chemical properties in landscape units in the
studied area

[PIFE Sldaline sl oSl il S S Sass Slre Uol il R S
Variables Number of mean minimum  maximum  skewness  kurtosis standard Coefficient
observations deviation of variation
Mountain . s
Organic matter  JT el 9 0.90 0.44 1.38 -0.07 -1.07 0.34 36.55
Callz ks’ ol 5 9 24.96 8.28 47.28 0.29 -1.02 1.35 5.40
Fag bpms o7 9 0.88 0.45 1.25 -0.16 -0.69 0.27 30.68
Feg VIS AT 9 0.07 0.02 0.13 0.00 -1.42 0.03 42.85
sand 9 10.70 5.88 20.80 1.23 0.87 4.90 45.79
Silt « L 9 52.64 47.87 57.64 0.01 0.01 2.92 5.54
clay « ., 9 36.91 28.36 41.99 -1.33 1.84 4.04 10.94
Hill oo
Organic matter  J7 el 6 0.93 0.54 1.65 1.21 0.33 0.44 47.31
Cally (el bl S 6 28.36 9.19 60.54 1.01 1.47 1.84 6.48
Fog uboms o7 6 0.85 0.62 1.11 0.031 0.03 0.18 21.17
Fag NS ol 6 0.06 0.03 0.09 -1.8 3.61 0.02 29.41
sand 6 10.72 2.03 26.0 1.27 1.35 8.68 80.97
Silt « L 6 48.74 37.14 59.97 -0.07 -0.30 8.00 16.41
clay « 6 40.53 36.86 48.00 1.66 3.13 3.97 9.79
Piedmont «ccuy
Organic matter  JT oL 84 1.43 0.37 4.19 1.27 0.61 0.99 69.23
Callz ks’ oy 5 84 28.88 5.15 55.36 0.03 1.02 1.02 3.53
Fag ulsms o7 84 0.92 0.21 19.23 8.94 2.03 2.03 220.65
Feg oW T 84 0.09 0.02 0.29 1.31 0.05 0.05 55.55
sand 84 11.66 0.40 35.40 1.71 8.04 8.04 68.95
Silt cdr 84 47.95 11.30 63.05 -1.34 7.70 7.70 16.06
clay .- 84 40.45 23.65 35.40 0.59 8.17 8.17 20.19
Low lands .y 215
Organic matter  JT oL 3 2.49 0.48 4.19 -0.14 -1.52 1.30 52.20
Callz ks’ oy 5 3 27.54 5.96 39.59 -0.86 0.58 9.48 34.42
Fog absms o7 3 0.56 0.24 1.11 1.15 1.15 0.22 39.28
Feg (WS T 3 0.14 0.07 0.29 0.98 0.54 0.06 42.85
sand 3 10.63 0.40 28.55 0.82 0.10 7.60 71.49
Silt b 3 49.13 41.96 58.04 0.27 -1.60 5.75 11.70
clay - 3 41.29 29.49 55.67 039 -0.62 7.41 17.94

Feg: Dithionite Iron; Fe,: Oxalate Iron
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Table (4) The diversity indices of soils in the studied area based on geomorphic hierarchy.

b 5555 il o al N Sl jesls L SLS Bl el S el Josl yasls
Geomorphic Hierarchy Shanon Index  Richness Evenness  Margalef Index Menhinick Index O’Neill Index
Lo 102 0.64 4 0.46 0.65 0.40 2.03
Landscape
5.
= 102 2.06 10 0.89 1.95 0.99 4.36
Landform
s
il 102 2.33 14 0.88 2.81 1.39 4.97
Lithology
0355 102 2.53 18 0.88 3.68 1.78 5.43

Geomorphic surfaces
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Table (5) The diversity indices of soils in the studied area based on geomorphic hierarchy.

o3y Sl e abud N i jasls e S Bk el g Ll Josl e ls
classification hierarchy Shanon Index Richness Evenness Margalef Index Menhinick Index O’Neill Index
°3) 102 0.99 3 0.90 0.65 0.40 2.09
Order
°20 20 102 143 5 0.89 3.41 0.50 3.04
Suborder
g po Y
I 102 1.73 6 0.97 1.08 0.59 3.53
Great Groups
axdllag 3590 dikan 90 Sy w0 ) SBVS19 wlel » [FYEigta EF s v sl W) Jou=
Table (6) Richness and diversity indices based on landform units in the studied area
Oy A=l Colue Order ces, Suborder ces, 53 Great group cfjﬁ o);
-3 N (km?)
(%) ' 1
- ) S H E D Dmn Dmg S H E ] Dmn Dmg S H E o Dmn Dmg
Landform unit area
Mol 9 41.31 2 069 1.00 138 046 0.67 2 069 100 138 056 0.67 3 1.06 097 216 0091 1.00
Hil 6 5.45 2 064 092 133 056 0.82 2 064 092 133 056 0.82 086 078 196 112 122
LL1 3 3.11 2 064 092 133 091 115 2 064 092 133 091 115 2 064 092 133 091 1.15
Pil 5 4.40 2 050 072 119 062 0.89 2 050 072 119 062 0.89 3 095 086 205 124 134
Pi2 15 23.49 2 0.67 097 137 037 052 4 1.05 075 243 111 1.03 4 1.05 075 243 111 1.03
Pi3 20 21.16 3 086 0.78 195 067 0.67 3 0.8 078 195 0.67 0.67 4 1.09 079 248 100 0.89
Pi4 4 2.38 1 0 - 0 0 0.50 2 056 081 126 072 1.00 3 1.04 095 150 144 150
Pi5 5 8.04 1 0 - 0 0 0.45 1 0 - 0 0 0.45 1 0 - 0 0 0.45
Pi6 8 4.89 2 066 095 135 048 0.71 2 066 095 135 048 0.71 097 088 207 096 1.06
Pi7 27 35.55 3 080 073 190 061 0.58 4 123 089 262 091 0.77 5 138 086 299 121 0.96
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Figure (3) The relationship between the logarithm of the area of landform surfaces and richness
index at soil great group level in the studied area.

2
y=0.0124x +0.7189
R?>=0.2373
g
3= *
i
= E 14 * . ™
2 = -
iB= .
3 8
=
0 - T T T T
0 10 20 30 40
Area
(km?) el

dxfllan 390 dalain 30 55 09 F xbaw 38 il hsg»:.&ﬂ_,aél&g(kmz) S a0 ) T ot S lun cyw dluly (£) S
Figure (4) The relationship between the logarithm of the area of landform surfaces and richness
index at soil great group level in the studied area
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Figure (5) The relationship between the number of observation and richness index of landform
surfaces at soil great group level in the studied area.
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Figure (6) The relationship between the number of observation and shanon index of landform
surfaces at soil great group level in the studied area
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