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3- Soil series

4- Soil Taxonomy (ST)
5- Uncertainties

6- Overlap

7- Fuzzy sets theory

8- Boolean algebra
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1- Landscape
2- Soil forming factors
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6- Xeric
7- Mesic
8- Geopedology approach
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1- Bayesian method

2- Digital soil mapping

3- World Reference Base (WRB)
4- Taxonomic adjacency

5- Pedodiversity


www.sid.ir

YL (£) o )lond d0) s Jlasly adgi 9 S& Cup a4y pul

O s 5 ) JK8) s sloml anllias 3 g0 adleio S i Go b ) plalllae adlie 4
dub\))fzj,\}&\ﬁ@mjd;sjlm S S (G A g ol sl Se
Sldlae b cmlie @355 AL 3 e A SSE sk Ssdles e 2l 5 (Sl el s
IS a3 Sl i 4 () S sk ol elisly Sl Ke e e s i
2 oS Y Sl e s a8 Bl Lap 555 23 eddldly wm e B S eslial b o
plmil 5l ey LAS (s pised 5 m i adkie sl 5l S SS L zes 5 Lo
badigod 505 2 oY placd 5 (Sosd slagtlesl b5 Sl lisipas S 5l edsdst glol sale
Shueny Wbl oo bl LS huarb o (0) P % LTS

A3 ol Q) Sl il 5 (00 LIS S g ohdeen 5 Glags 058 es8, Ll

(355 28) ol I alyl a2l doSe

L.t

by e

529967 532112

3233485 3233485
£33 e
23502 ?
:
- 43 .
?
- gy 2
2 z 258
: 54F
2 P - - $2
3 :
Z o <
5 - s
59 V- - < 2
< e} g H
2s $ Res
Pss H oS
Ro3s 3 $FH
3 3 Rsss
33
g
53
% 43
: 4B
i
%
2
ko
wfote
A
ofofotots
3
5
Eizzeide
[m]m| ] s
T .
[w] [w]m
[m]m] [m]
o
s
srTiiiiiy
3228835 3228835
529967 532112

OF p 55 a2l of jonay Slalllas ailate Condgo -\ JSC3

Figure 1. Location of the study area along with its geoform map.

1- ILWIS
2- Ortho-Photo-Georeferencing
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Table 1. Geoforms description of the study area, with an area of each of them.

<obee o £
Area (ha) Description Geoform
50 ot g 530k S ey 5 el L sl lae
492 S BERLS) BN G R S 55 Mol 1l
Andesitic mountains with high altitude and rock outcrop on the eastern slope
PR TIPS I S I JUCo )L Sal K glae
982 S 2L ) S ER L (2 5 Mol21
Lime stone mountains with high altitude and rock outcrop on the eastern slope
5 g 3 ¢S S O3a3 5 5 g1 L 50T glae
68.7 At ot i 2 o8 ST e F Mot
Andesitic mountains with low altitude and rock outcrop on the eastern slope
e S 3 ORI W, 2l clae
68.9 TS 23 S S g 5 gL RS S Mo212
Andesitic mountains with low altitude and rock outcrop on the western slope
T K 5 s slaag 228 5 o g ala S 5
20,8 S 3 s b A NS5 Hilll
Shoulder and back slope combination of riolithic and lime stone hills
TSy adaycbeas ood b
350 WS B R S
Foot slope of riolithic and lime stone hills
St glaasns cilises (gl 5 .
34.1 - T A i
Slope facet complex of sandstone hill-lands
Oy ol glaul 35 asGll 5 s Sl * gla WIS sddcniS axiy Pl
113.8 i
Cultivated tread of carbonatic glacis of alluvial fans.and young alluvial terraces
s 0 gl il 5 5 el e glanl 1T LS glac o
1165 Sl by ISP ) S BAS] - Pil12
Waterway slopes of alluvial fans and young alluvial terraces
3007 Oy ol glagel 5 5 LasGlb s sos (glanl T HUS glacus 5 Sl gl oS iy 5l oS 5 pil13
. i

A combination of carbonatic glacis’ tread and waterway slopes of alluvial fans and young alluvial terraces

* Dissected levels of high altitudes is called glacis.
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5- Adjacency matrix
6- Elements
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1- Vertex

2- Node

3- Edge

4- Adjacent vertices
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3- Taxonomic Adjacency Index

4- Cyclical graph

5- Linear sequential graph

6- Bluebit (http://www.bluebit.gr/matrix-calculator/)
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1- Eigen value
2- Spectral radius
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1- Richness
2- Shannon
3- Evenenss
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Figure 2. Soil maps of the study area based on the Soil Taxonomy (right) and WRB (left) systems.
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Table 2. Soils classification of the study area based on the Soil Taxonomy system (2010).

Lol (SS5 Jlas 5 (Son s 5uSE Spsloms (1> sla Lals

Sk el S cadle
iiofifler ;’E?ail‘i:ezritl:;;/; taxonomic adjacency and their Soil family Soil symbol
<d eslil oisC 5 B Loamy-Skeletal, mixed, superactive, calcareous, A
B and C: Particle size class mesic Lithic Xerorthents
hydoslll s :Cs A Fine-Loamy, mixed, superactive, calcareous, mesic B
A and C: Particle size class Lithic Xerorthents
hbeslil WS B s A Coarse-Loamy, mixed, superactive, calcareous, c
A and B: Particle size class mesic Lithic Xerorthents
S-S 351G Loamy-Skeletal, mixed, superactive, mesic Typic D
G: Calcic horizon Haploxerepts
S 35S B plame B Fine-Loamy, mixed, superactive, mesic Calcic E
Without taxonomic adjacency Haploxerepts
s oIl oSG Coarse-Loamy, mixed, superactive, mesic Typic .
G: Particle size class Calcixerepts
Sods” 331D sly3 o3lul DS F Loamy-Skeletal, mixed, superactive, mesic Typic G
F: Particle size class, D: Calcic horizon Calcixerepts
S peSE slome LU Fine, carbonatic, mesic Calcic Haploxeralfs H
Without taxonomic adjacency
Seuds 31 Fine-Loamy, mixed, superactive, mesic Typic I
J: Calcic horizon Haploxeralfs
Sods 331 Fine-Loamy, mixed, superactive, mesic Calcic I

I: Calcic horizon

Haploxeralfs

Yoo


www.sid.ir

YL (£) o )lond d0) s Jlasly adgi 9 S& Cup a4y pul

Y00 V) Gl gduaid dble wlul 5 Sldlas dilas slaSs guuard Y J i
Table 3. Soils classification of the study area based on the WRB system (2007).
Lol SS& s 5 (Koo 5 5SE sl gl oS Sk g St cadle
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Figure 3. Taxonomic adjacency chart in both Soil Taxonomy (a) and WRB (b) systems (English letters indicate
the classified soil type according to Tables 1 and 2).
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Table 4. Pedodiversity analysis of the studied soils in Soil Taxonomy and WRB systems.

Loazk sbla
A2 TAI A E Hipax H S N Srsem
Classification system
S yal
1 0.222 2 0.85 2.30 1.96 10 20 e
Soil Taxonomy
0.707 0.202 1.414 0.86 2.08 1.79 8 20 s
WRB

oels TAL ( ib glas A lsen B GSlus G5 Hmax (pls 6,8 jaxls H (Sl gla oIS gbe S ap S s N

cSo 55 geSU ) glone

N: total soil profiles, S: richness of soil classes, H: Shannon index, H'max: maximum entropy, E: evenness, A:

spectral radius, TAI: taxonomic adjacency index.

S odas eSS Seenl Sy sl S
Sogess gleaxls s b Shs ol kb
sbwl 5SS el 5 Wyl Sl il
o el games, wlle Ll S
5 OF) das s ool Cueal Bl sla S5
Slapels Sl oS ol ailie S s sl
LS (e 3L ol S b, 5 g~
Sa Al (5 e Se g guSU S gl (glyls
S SE Syl 2l 025 NL T s
2 Js e b (oK el e Slile s
G ey S 55 S Ae ks pde s
S5 5aSt glajlme olal  Sllas ailaie
1 T . VL TpG
b e Gler gnaih bl s eslinal 5,4
S gladsly S5 s K el gesy bl
oL Dsobdliaal L Llasly g5 A kb ge
5 2l gamesy able oy Lo (YY)
S Al S gble g Sl suaidb dlle
Shuesy Wbl 5l e Sl ik alils
LSt 5 das e 0lis 1) S glaanl b« 1K ]

(O) .,\.\SL;G LS"L"”); Jjwl.m b

yov

Olanl (S Sl s 055 ol 4 e L

dly ) S b gl s sy e
ol 3l ails sy (Se s snSU O sloe (a2
Sogla et ls 5, e sl &Sl sse Ol
S5 SoSes Ghle sl (TAD (Soa s 5esU
5V UK S sbotes Slles ailes s sl
Syl sladsly das e 0LV ds
S sy, e Oanl plly s s Soline
S S wadlaie S (S puSU Dl
S 355 e edaline ¥ Jad Sl ll il
huaib 5 o el sdues, wlble 53 A
(TAD) Koo 55 508U &y slmn Gl jlide ¢ Sl
S5 5eSU O glme atli Slaie Jy el o
§ S S D) Sl sdeib Sble o,
Solea il (YY) LI el dties; abele
Sooge s sladsly sy sl 4w g b s
K55G s D305 Ul sbuti Sl
S = 53 das e 0L g |y adke S s
S5 5SE Sl (el s, allel
5 Cwabe b ¢35 gl w6 5
Wbl g3 pl 5o LS gavaab glajlas Wl

v Sl gluab bl S 1wl Sales


www.sid.ir

YL (£) o )lond d0) s Jlasly adgi 9 S& Cup a4y pul

ol immen deae Ol Gl geid
Ghaos,y alibe gl S5 (e sismSE sl
AW G5 5 Gl G parl L ]
cble & S S8 Gl 5 Sup
J Jol s il e Ssles Sl shusi
Sl o sl 0l 58 (T ek Slllae
3 e Lo G hle s Sl luaidb

OY) Cl o330 Jas o150 ol (gdues; wloles

& 5 4o

GLaod)y Sleles 93 u‘i‘)ls Q‘J.:ﬂ cg)i.hj}; Ui‘ BE

S w0 () Sl gamaib 5 0) L
o gla (MALU sl o ‘M S s
sty Olpea) S G865 (SasismSt
sl a S 3 alie 3550 (Cundad P s
Ls.,\uojﬁjééﬁ&wwc.lpéﬂbdm cil:.:
wlele slaslne ol 5 Sllles adlee slasSLE
Sl sluib Sl 4 cod LIS el g
Q)}L?m u.a;-u )\ JJL" c»t:; M.{lj.a .b)\b S48
G a3 edel sy @l b (She i ST
0 Sl guab alla s sl Sl 550 Sl
2 el ooy wlal 1 e G oa il
canllon 390 aals Brl LL;LSJ‘)JGA{ R ob‘yw. JA&
4 o2l Blew 5 (Koo 5 ST slme bLS )

ey cdalin J"G&")}

S 5eSE sl s 5 e

Slle 55 olul o aikie S sbasl gl
5 2l sesy wlala ale) Calie (sduaids
Lol o Llge ek sdues S (Gler
sph Wly ke ailie OF glasl 68 L3
b wa dnloe o Jre sl jlne cé‘j 5.007)
ol 5y 53 LSS Sl ok LS s 5 ()
sddedalie gli S sle il o (S) Sas oo
Sde iy a5 Gl ST S L oadee A
aS) huaib alle A s 3 g0 (63035l 3 Pt
Ay S aegs sl Sas chues S sl
Ao Al b flaB Shash e b e (S
sl sl SO cal O skaslis il
el bl Bl ke s edd gl
Olgedy B 5,40 gduail bl s eslitul 5540
EE Al S e Jes Jies laiys g e
Sl G5 Larls o« s e dbe ol
(V/49) oK el awes, alile gl oddamlou
Gluarb Clle 5o Gatls ol Jlie 5l 585
5 (H'max) ;S 6,8 anlis .l (WVA) Sl
s esa | plle IS 5 E) olsen
Sl estls walllas 3y50 adn sl ol
55 e 3,8 astls | (TAD (Sspest
o2 Gl mEE) solper s Hina) Sl
dble 3 oa u—’K-LJJ Ghoes,y wbls

1.Afsharianzadeh, A., Etemadi, N., and Ghomashi, A. 1992. Geological map of Iran, 100,000
series, Sheet 7335- Bardsir. Geological Survey of Iran.

2.Bogaert, P., and D’Or, D. 2002. Estimating soil properties from thematic soil maps: the
Bayesian maximum entropy approach. Soil Sci. Soc. Amer. J. 66: 1492-1500.

3.Duan, Z.S., Wang, W.X., Liu, C., and Chen, G.R. 2009. Are networks with more edges easier
to synchronize or not? Chinese Physics. 18: 3122-3130.

4.Esfandiarpoor Borujeni, 1., Toomanian, N., Salehi, M.H., and Mohammadi, J. 2009. Assessing
geopedological soil mapping using diversity and similarity indices (a case study: Borujen
area, Chaharmahal-Va-Bakhtiari Province). J. Water Soil. 23: 4. 100-114.


www.sid.ir

S3UIEIN (658U o g (2952 y92, L] (cuns

5.Esfandiarpour, 1., Salehi, M.H., Karimi, A.R., and Kamali, A. 2013. Correlation between Soil
Taxonomy and World Reference Base for Soil Resources in Classifying Calcareous Soils: A
Case Study of Arid and Semi-arid Regions. Geoderma. 197-198: 126-136.

6.Holmes, K.W., Odgers, N.P., Griffin, E.A., and van Gool, D. 2014. Spatial disaggregation of
conventional soil mapping across Western Australia using DSMART. In: Arrouays, D.,
McKenzie, N., Hempel, J., de Forges, A.R., and McBratney, A.B. (Eds.), Global Soil Map:
Basis of the global spatial soil information system. Taylor and Francis Group, London. 494p.

7.Ibanez, J.J., De Alba, S., Bermudes, F.F., and Garcia-Alvarez, A. 1995. Pedodiversity:
concepts and measurements. Catena. 24: 215-232.

8.Ibanez, J.J., De Alba, S., Lobo, A., and Zucarello, V. 1998. Pedodiversity and global soil
patterns at coarse scales (with discussion). Geoderma. 83: 171-214.

9.IUSS Working Group WRB. 2007. World Reference Base for Soil Resources 2006, first
update 2007. World Soil Resources Reports No. 103. FAO, Rome.

10.McBratney, A.B., and Minasny, B. 2007. On measuring pedodiversity. Geoderma.
141: 149-154.

11.Mohammadi, J. 2007. Error and uncertainty analysis and management. Pelk Publication,
Tehran, Iran. 356p.

12.Phillips, J.D. 2013. Evaluating taxonomic adjacency as a source of soil map uncertainty.
Europ. J. Soil Sci. 64: 391-400.

13.Phillips, J.D., and Marion, D.A. 2007. Soil geomorphic classification, soil taxonomy, and
effects on soil richness assessments. Geoderma. 141: 89-97.

14.Rossiter, D.G. 2000. Methodology for Soil Resource Inventories, Lecture notes, 2™ Revised
Version. Soil Science Division, International Institute for Aerospace Survey and Earth
Science (ITC), Enschede, The Netherlands.

15.Rossiter, D.G., and Hengl, T. 2001. Technical notes: creating geometrically correct photo-
interpretation, photo-mosaics and base maps for a project GIS. http://www.itc.nl/rossiter.

16.Saldana, A., and Ibanez, J.J. 2004. Pedodiversity analysis at large scales: an example of three
fluvial terrain of the Henares River (central Spain). Geoderma. 62: 123-138.

17.Sarma, V.A.K. 2006. Mapping of the Soil. Science Publishers, NH, USA, 411p.

18.So0il Survey Staff. 1999. Soil Taxonomy: A Basic System of Soil Classification for Making
and Interpreting Soil Surveys, 2™ ed., U.S. Department of Agriculture Handbook 436.
Washington, D.C.: Natural Resources Conservation Service.

19.Soil Survey Staff. 2010. Keys to Soil Taxonomy (11" ed.). NRCS, USDA, USA.

20.Yuan, W.J., Luo, X.S., Jiang, P.Q., Wang, B.H., and Fang, J.Q. 2008. Transition to chaos in
small-world dynamical network. Chaos, Solitons Fractals. 37: 799-806.

21.Zhu, A.X., Qi, F., Moore, A., and Burt, J.E. 2010. Prediction of soil properties using fuzzy
membership values. Geoderma. 158: 199-206.

22.Zinck, J.A. 2013. Geopedology: elements of geomorphology for soil and geohazard studies.
ITC Special Lecture Notes Series. Faculty of Geo-Information Science and Earth
Observation. Enschede, The Netherlands.

yo4


www.sid.ir

J. of Soil Management and Sustainable
Production, Vol. 5(4), 2016
hitp://ejsms.gau.ac.ir

Gorgan University of Agricultural
Sciences and Natural Resources

Analysis of uncertainty of a soil map using
taxonomic adjacency and pedodiversity indices

*I. Esfandiarpour Borujeni' and M. Bagheri Bodaghabadi’
' Associate Prof., Dept. of Soil Science, Vali-e-Asr University of Rafsanjan,
? Assistant Prof., Dept. of Geography, Najafabad Branch, Islamic Azad University, Najafabad, Iran
Received: 09/03/2014; Accepted: 02/09/2015

Abstract

Background and Objectives: Soil survey, mapping and evaluation studies has long been
characterized by tension between the recognition that soils or soil properties vary continuously
across the landscape and the necessity in soil classification of defining discrete entities. On the
other hand, soil classes are usually separated by arbitrary threshold values for soil properties. In
this regard, uncertainty will be an integral and attached part to phenomena, data and spatial
information. Therefore, each soil mapping project has some-deficiencies and uncertainties
associated with incomplete and imperfect field measurements -and limitations of soil
cartographic representation. This paper is concerned with the concept of taxonomic adjacency
and pedodiversity to compare the potential variability.and uncertainty associated with arbitrary
classification boundaries or thresholds in taxonomic criteria of both Soil Taxonomy and WRB
systems.

Materials and Methods: After preparing the primary interpretative map (1:50,000 scale) for
part of the Lalehzar region (Kerman province), based on the geopedologic approach, separated
unit boundaries on the map were controlled and corrected in the field according to the semi-
detailed soil surveys. Then, soil profiles were dug in each of the geomorphic units and finally 20
soil profiles were described and sampled in the study area. After necessary physical and
chemical analyses on the samples, soils classification was finalized based on both Soil
Taxonomy (2010) and WRB (2007) systems. Afterwards, based on the separated soil classes in
both mentioned classification systems, the taxonomic adjacency matrix of studied soils were
prepared using algebraic graph theory. Then, the largest eigenvalue of the matrix (the spectral
radius) was used for calculating taxonomic adjacency index of soil map of the region. Besides,
the diversity. of the soils of the area was calculated using Shannon diversity index and is
compared with the taxonomic adjacency index.

Results: Results'showed that according to the Soil Taxonomy system, soils of the area were in
three Entisol, Inceptisol and Alfisol orders; however, based on the WRB system, Regosol,
Cambisol, Calcisol and Luvisol reference groups were the dominant soils of the area. Besides,
Soil Taxonomy criteria have greater degree of uncertainty in the classification of the soils of the
studied area compared to the WRB system. Due to differences in the geomorphic units, the
WRB system showed better the small amount of taxonomic adjacency in the soils of the area.
Conclusion: Comparison of the taxonomic adjacency index results with those of the Shannon
diversity index in showing the diversity of the soils indicated that the WRB system has acted
more accurately than the Soil Taxonomy system. In general, the relationship between taxonomic
adjacency and landscape was clearly visible in the study area.
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