Journal of Water and Soil
Vol. 35, No. 6, Feb.-Mar. 2022, p. 873-890

(63298 2bus 3 pale) S g O 4 i
AVY—AQe . AF e Aol — cyode o o kouds FO b

S5P9M B 3 N2 53 S LB gladsly o s ol s S SB e s 8

E 6l Ol oS T Oliledy Al =75 p5liae ) sy = dios oyl 4abol

VEC VY 3l 5 b

\F"/'q/“ﬂéﬁu\i G)U

2SS

2 Ol el G bz s g 5k dewgs 4 s Car > SB g (2 @lie e 3 (oo P Liime) slasaly oo SSE

s9bate il Sl ) 18 (g )90 s sladnly ogls il Ban b Cou) e B aw ) (Glgnsts saadds DS Giagk x)
Lo i asly o o3 S g (3085 )50 5y 0me) o )3 STos5 Ubey 53y Jld Lo i b )geg8) sl s 9 SSE S
(Slllae £515 ¥V (guiva b 5 oy 3 Sl 43)5 SUSE Cu0m0) S s & (BLS gy 9 (S 3tes8y90 Lo S g Sl o3lit]
5 05 390 (LS (a3LS dlex Sl ess lapasli 5 (b yd VL]l edlitul b e 1 4l doly j2 5 0nd @Bly SbSL (Susly
O S50 Sl (351 ) ime oy pglaiear U gl (g0l ol aplme LS 5,8 eSS g (o Loy 4 g b cd)S L oo
5 elaisly 5 by Vil Gl g 5,85 sl pasls Lmls sxims s adlls 1 Jols gults . odlitel A SuSE adi cloisly
» e o Shy plo & Cans (LS Gids (Shg il eslatul sl (L Glores g@ls g Bl Cou) e w31y b dwlie )3 v
ailaio C L lacSUs oanlin JLais] ySTs &S (g ysbs conl 0392 yign Kt (sl (slatly 41,) 5 e epme; 16 (sladaly S5
3l ol 5y85 (adll g (ioli8l Cou) e 51 Adds sladaly )5 Lo yd AV 4 VO OY/FY & Cou)ipmej dnly )3 4o )d YYIVD I Slallas

e dame sla Sy plo jl eolatw! .Caol 038 1oy JialS vy ipme; 51 adis sladsly 3 +/YY 5 </0F MNF & Cou e 1oy 4 V0
23,5 o Sl 1 Oldllas )3 Cu e 1 4k sladsly gl il

S3PghgT 4B (e (5ylgenl HaSls (SB 5,8 ¢ b yd YLl 1 gulS oy

sty ol lae @glds a5 sxe (pas g5 odnlie dayl 5 S
2 ol ot 3 oS bl Bl bl Sy0 6dimd 9 Sk
45 WSl euw i slaodgase I glas gomme Jols S did aoly
ol 8L 4le o b b Sy & ) CuBge (littl &
45 (SU59098y90955 (slaylime Sl Bua pl 4 oliws (gl (i
2 (\5’ 9 5’) ..\.3]0.)9_‘;5 odlawl el L;.ob‘ JSW: u,vLuI » VS
9 42528 Sloamm by S Esidglss 2,9, busly (e
5 S by iy s 48 sl SLb 90855 sl Jubow
Cae ol loddd agd 4 pldl oyl GiSen 5 g (55905850555

5 Seiglein il plos (i immen o Lalies) s

Copde g (§4003) (S il (98 (plaldn ) &5 wlidcsy,
SSE > fgo sLa)gSl (S Olgisdn g S

5- Geopedologic approach
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2- land form
3- land form phases
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1- Level of detail
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Figure 1- Location map of study area, A) The location of sub-basin in Lorestan province-B) The location of selected landform
and soil profile
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6- Shuttle Radar Topography Mission
7- Buffer
8- Terrain Ruggedness Index (TRI)
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1- Landscape

2- Relief/Molding
3- Lithology/Origin
4- Landform

5- Glacis
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2- Shannon
3- Evenness
4- Richness
5- Heterogeneity
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1- Normalized difference vegetation index (NDVI)
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Table 1- Types of diversity indices used in this study

Indices Reference Formula
DL @8 > s nns
H =-Ypi.In
Shannon index 2pi.Inpi
o "'»L‘) Ibanez et al, 1995 E=H /Hmax =H’ /InS
Evenness index

Richness index

H” = Hmax = InS

@dlas )3 39390 clinl JS ol =N ol Tanly 4 slete eljal Slglyd g dlaws =N« NI/NCows = PI o951 =H

i ol b il o 3 sl sl e S slas = S

H’= entropy, Pi= Ratio of ni/N, ni= Number and frequency of components belonging to unit i, N= The total number of components in
the study, S= Number of species means the number of components within each class or map unit
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Table 2- Statistical Relationships used for comparisons between Shannon diversity indices

& Jges2
Reference Formula
B padls i)y Z Z 12
V ['I = - i Ny +4{(5—1)f2ZN"
(Shannon index variance) = [ piltpy)” — () pilnp)” / t )2
PEMEESS Taylor,1978

(Degrees of freedom)

d.f = (Var H, + Var H, )

-

t o,bel
(t Statistic)

t = (H, — H,)/(Var H, + Var Hy)*/?

t ool =t (ool dys =0.F ol sy el dsmslno 5,5 il o = VAT Hj ordslns 5,85 Lasle= H
[—Ii': Calculated diversity index, Var [—Ii':Variance of Calculated diversity index for unit i, d.f= Degrees of freedom, t=t Statistic
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Table 3- Located Soils in the selected landform unit with observations number

S Joold x> LS g0, S a8 ol Sl
Soil family Soil code Number of observation
Fine, mixed, mesic, Vertic Haploxerepts A 10
Fine, mixed, mesic, Typic Haploxerepts B 10
Fine, mixed, mesic, Typic Calcixerepts C 4
Fine loamy, mixed, mesic, Typic Calcixerepts D 1
Fine, mixed, mesic, Vertic Calcixerepts E 4
Fine, carbonatic, mesic, Typic Calcixerepts F 1
Fine loamy, carbonatic, mesic, Typic Calcixerepts G 1
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Figure 2- Separation of selected landform unit to phase of landform units using Normalized difference vegetation index (A),

Aspect (B), Terrain Ruggedness Index (C), incorporation of these 3 indexes (D)

(Legend of landform phase maps is given in Table 4)


https://abadis.ir/entofa/separation/
https://abadis.ir/entofa/incorporation/
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Table 4- Legend of landform phase maps
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. s jB oSl (S . o lased
2002 - _— Phase separator 2002 = i
Landform Characteristics feature Landform Characteristics
unit phase unit
Pi4611(N) bogie (2l b
Sglis o oy adli (Vegetation: Medium)
B by Pi4612 (N) o LS by
(NDVI) (Vegetation: Low)
< : bj sals i
(<) Pi4613 (N) SRR oo
(Vegetation:High)
Pi4611(A) (2 e Sh
(Aspect: to the South)
B Pi4612 (A) o i 2
(Aspect) (Aspect: to the North)
(<) _ S e icad Cax
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Southeast)
. Lj:s)lgonl
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oo jurtad 8y oyme ~
: e 2)082) . ;
Pi461 Pi4613 (T) oS 15 )lgenl
(TRI:Low)
(Landscape: Piedmont plain, Relief / molding: hege i alS iy,
Glacis, Lithology: coarse and fine grain quaternary il Caz S 16 )lpenl
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(Medium vegetation,
Low TRI, to the North
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Table 5- Conditional probability values and pedodiversity indices in the selected landform

R om0 Jl&_.\s IXFYWIIReY) P()(_) ol padll L&U»Lw :"‘:: o lus
Landform Soil Number of Conditional Shannon Richness J Area
code observation statistics index index Evenness (ha)
index
A 10 32.25
B 10 32.25
C 4 12.90
Pi4611 D 1 3.22 1.59 1.94 0.81 1223.35
E 4 12.90
F 1 3.22
G 1 3.22
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1- Homogenous map units
2- Compound map units
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Table 6- Conditional probability values and pedodiversity indices in the landform phases

JBosiSlas Shy  Coupom;il SB S oaslie slas ol psld L asld """
Phase separator Landform Soil Number of P(X) Shannon Richness Solged

feature phase unit code observation index index E\_/egness
index

ol
Area (ha)

20
53.33
6.66
20

Pi4611(A)
118 1.38 0.85 490.76

35.7
14.28
21.42 1.33 1.60 0.82 640.57
7.14
7.14

(Aspect) Pi4612 (A)

50

Pi4613 (A) =

0.69 0.69 0.99 92.01

52.63
15.78
5.26
15.78
5.26
5.26

1.36 1.79 0.75 812.24

Pi4611(N)

sl osd Jloy asls
P by

(NDVI)

Pi4612 (N) 0.56 0.69 0.80 244.06

Pi4613 (N) 0.37 0.69 0.53 167.04

1.65 1.79 0.92 342.97

Pi4611(T)

L;lmd)l%mli ua.>Lu

o)
(TRI) Pi4612 (T)

1.38 1.38 0.99 376.50

Pi4613 (T) 121 1.38 0.87 503.86

Pi 4611 0.50 0.69 0.72 209.27

Pi 4612 13 1.38 0.93 190.71

pi 4613 0.50 0.69 0.72 103.88

Sl s Jloy sasls

*pi 4614 100 - - - 27.63

oz o 2lS b

*pi 4615 100 - - - 47.76

&lsenl adli cud

*pi 4616 100 - - - 160.63

(NDVI, Aspect and “pi 4617 100 _ _ _ 140.44

TRI)

pi 4618 0.69 0.69 0.99 92.01

50

pi 4619 100 0 1 - 111.81

66.66

pi 46110 5

0.63 0.69 0.90 103.61
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N Ll 1 PN D Ll Bl Bl Bl HHJ>N|—‘NN|—‘J>UQ|—‘\IU‘ID—‘l—‘Hl—‘l—‘Hl—‘l\)l\)wl—‘\ll—‘wldl—‘wldwgldl—‘l—‘lﬂwr\)\lwl—‘mw
=
(e]

pi 46111 100 0 1 -

35.52

)85 oline sy ol sl o5 asls dusloes 5 Cusl 48,5 )15 lasly cpl 1 S g5 K, Lais®
*Only one soil type is located in these units so calculating the diversity index for these units is not significant.



MO (59950935 9,599, 0 S alis (Glausly (ogls G381 50 ks sirmo S geanw 351518 (3K 3 oo (soud

9 2 S 5,8 Solds ()95 J3dne p e yo 1558 rily
0P yldp a0 Ko o 4 b e 0y Sllesdias ssls
o re aids dnly 93 )3 0u s &8ly SSE Lglds 3o a0
Ol iinipe 0305 el cuw b Ll e clnlis 5 A8k sod
GBWB] 3929 .38 a5 3 asly SO lgica 1) 93 ol daasly
58 oa s S dalg duw 5l asly 50 5,85 sla sl 4o 4l sxe
g0 ol dge j5 (LS S (Shy oelel p S
R (Shy 97 4 S Sl Al (95 4 (Shy ol & el
LS S s ppSen sy dassly Gl gainjye b

5L slaasly s (oylol anlio plosil 5l Jols ol A Joas
ol 1y wlawsly ia ‘_’j SSE 53 Sy dw yb &S Couy o)
PSS b oS aid aaly jla a5 Cawnl S5 @ pY L o
el gyl ime glas Wopd Ar Jlois] e o L
23 oo ol ol S8 gddids gladsly

o all (boyd Vsl izmen 5 55 Glaadld olie
2 5 Sajl S8 &S dmd o0 LI (pimen £ Jgt> 5
9 b Cu2) H50d Sy 93 4 Cumd (LS Jidgy (Shy ol
&S gyobds .cunl 03,8 &) 1) 65 Ked slassly (pdaw (5)lgenl
4 Pi4612 (N) 5 Pid613 (N) slaisly 5 i jasls polio
Shs ds yp a5 b 5 Bl e /05 4 YV iy
P»las s e S aslas )3 1,8 el wl 5y50 Cou e
SO kedd daly Hlen o Lol ol odid i odds SS&5 slaasly
DP9 Sy g (S do g b Cusl w5 )15 SB gy
dw ya il edlauwl 5 Coouyipme; S Sy bdidl bl
A S Jsin 5l ol ol 5 56 slaasss SSE cap b
S (LS iy oSS Sl Shalds bt
adbaie glacsu)ipej plw » Cu)ipo) bl silule
a3 ), o b ol lollas
b 85 lagasls (e oa plul (g)l] (sloauslic

ol oad ool s ¥ Jgds 50 adids oy ya (gly odd dwlxe

CBvy yomoj cilisre (SS9 43 4295 U b SSE CBu y oo jU (suslg (5 kol aunlio -V Jguo
Table 7- Comparing of statistical differences between landform phase units separated according to different landform
characteristics

S U Al oS T SRy il gbsly ST u»u 35 as L iyl @3l3l @y t oL
S, Map unit oL Shannon index Degrees of t
Phase separator feature code (Sifr‘]f:‘jr;%m variance freedom Statistic
Pi4611 (A) 1.18 0.032
Pi4612 (A) 133 0.046 28 0.53
.. Pi4611 (A) 118 0.032
e SR Pi4613 (A) 0.69 0.125 3 1.23
(Aspect) Pi4612 (A) 133 0.046 . Lo
Pi4613 (A) 0.69 0.125 '
Pi4611 (N) 1.36 0.045 .
Pi4612 (N) 0.56 0.087 9 2.24
Bl s Pi4611 (N) 136 0.045 2 310
(NDVI) Pi4613 (N) 0.37 0.059
Pi4612 (N) 0.56 0.078 o 063
Pi4613 (N) 0.37 0.059 :
Pi4611 (T) 165 0.043 o 072
Pi4612 (T) 138 0.093 :
& gl Pi4611 (T) 1.65 0.043 20 L1
(TRI) Pi4613 (T) 121 0.021
Pi4612 (T) 1.38 0.093 5 049
Pi4613 (T) 121 0.021 :

(Significance at 90% confidence level)*
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Table 8- Comparison of statistical differences between landform phase map units considering all 3 landform characteristics

B8 et il ly

Map unit code auids salg oS ) ) pi4611 pi4612 pi4613 pid618 pid4619 pi46110 pid611l
Shannon index variance

pi 4611 0.0815 . - - -

pi 4612 0.0392 . # *

pi 4613 0.0815 - - -

pi 4618 0.125 - % - # -

pi 4619 0 # # # % #

pi 46110 0.0914 - # - - .

pi 46111 0 # # # #

D

(Significance at 90% confidence level)*
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Introduction: Delineating landscape into homogenous units is fundamental to managing resources and
delivering sustainable development. The importance of this has long been recognized as a critical issue in
various studies and it has been examined from different aspects. In soil mapping, the geopedologic approach is
used for landscape classification, which was defined by Zinck (1989). This approach differentiates landscapes
into landforms to increase the purity of soil map units. Therefore, the aim of this study was preparing
geopedologic maps of the study area on the level of landform phases intending to make more homogeneous soil
units.

Materials and Methods: Honam sub-basin in Lorestan province is one of the most important agricultural
areas in the Karkheh River watershed. Soil moisture and temperature regimes of the area were Xeric and Mesic,
respectively. After a primary interpretation, a geopedology map of the study area at the landform level was
prepared according to the geopedologic approach. After soil surveying, 31 profiles were excavated, described,
and sampled in the largest delineation of this map. Ultimately, this landform unit was differentiated to the
landform phase units using morphometric features and normalized difference vegetation index. Pedodiversity
index was computed for each landform phase unit to investigate the credibility of the geopedological approach
for this unit. The conditional probability of each soil family was also measured in each landform phase unit to
compare statistical differences between landform phase units. Furthermore, statistical comparisons were made
between the Shannon indices of each unit.

Results and Discussion: The soils of the study area were classified into seven soil families according to Soil
Survey Staff (2014). Based on the geopedology map, this area includes two landscapes of Piedmont plains and
valleys. These two landscapes were differentiated to 6 and 3 relief/molding, respectively. Geologically, the study
area has 5 lithologic units. Finally, 22 landform units were identified in this area. The area of the widest
landform with the code of Pi461 was 1223.35 ha. With individual use of NDVI, TRI, and aspect map, this
landform unit was differentiated into 3 phases, and with the use of these 3 maps collectively, 11 phases were
differentiated. The results showed landform map unit of Pi641 with 31 soil profiles and 7 soil families has the
highest value of diversity indices, such as 1.59 for the Shannon index. In addition, this map unit is a compound
map unit consisting of several soils, where the highest probability of observing soils is related to soils A and B
with 32.5% probability. By differentiating this landform unit into phases, the Pi461 map unit is separated into
smaller units that are more homogeneous. For example, when it is separated according to the vegetation
characteristics, the three phases Pi4611 (N), Pi4612 (N), and Pi4613 (N) were differentiated that have medium,
low, and high vegetation, respectively. In this case, Pi4612 (N) map unit with 75% probability of soil C
observation and Pi4613 (N) map unit with 87.50% probability of soil B observation are two homogeneous map
units. The Shannon index of these two units is 0.56 and 0.37, respectively, which indicates the purity of these
map units. The results also showed that diversity indices and conditional probabilities, respectively, were
decreased and increased in most of the landform phase map unit compared to the landform map unit. The use of
normalized difference vegetation index compared to other environmental features has been effective in
separating the landform phase units and preparation of homogeneous map units. So, the most probability of
observing the dominant soils of the study area increased from 32.25% in the landform unit to 52.63, 75.75, and
87.50% in the landform phase unit, and the Shannon index decreased from 1.59 in the landform unit to 1.36,
0.56, and 0.37 in the landform phase units. The use of other environmental features to increase the purity of the
landform phase map unit is suggested in future studies.

Conclusion: Results of using geopedological approach at landform level in the study area showed that this
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level is useful at highest levels of soil classification (from order to great group), but due to the complex nature of
soils at lower levels of classification (family and soil series) does not have enough efficiency. Therefore, for
improving the geopedology method accuracy and to present more uniform map units at lower levels of
classification, landform phase maps were presented according to the environmental characteristics of the selected
landform. The statistical comparisons between Shannon indices calculated for each map unit in the landform
phase map showed a significant difference at the 90% probability level between most of the units, which
indicates an increase in the purity of these units at the soil family level.
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