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FUZZY DIAGNOSTICS OF SOILS ACCORDING
TO THE WORLD REFERENCE BASE FOR SOIL RESOURCES

Abstract. Soil classification remains one of the most controversial topics in the world soil science because of differences
in the principles underlying it. As of today, many countries have developed and use their own national classifications. Since
scientific classification facilitates successful investigation and proper use of soils, the issue arises of representation of one
classification in another. In the paper the possibility of applying fuzzy technologies to soil diagnostics based on the World
Reference Base for Soil Resources is considered. A trapezoidal form of membership functions of the parameter set of
diagnostic horizons is proposed. The algorithm of fuzzy diagnostics is presented on the basis of the proposed functions.
Conclusion. The paper proposes a fuzzi fication mechanism for the set of indicators of diagnostic parameters and describes
the algorithm of the system of fuzzy inference about the identification of the values of the corresponding parameters in
accordance with the compositional inference rule. Thus, the effectiveness of the use of fuzzy technologies in soil
diagnostics by the World Reference Base for Soil Resources is demonstrated.
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Introduction

Such classifications include, for instance, the soil
classification ~ of  Australia  (Australian  Soil
Classification, 2002) [1], Azerbaijan (M.P. Babayev’s
classification, 2006), Belarus (Belarusian soil
classification, 1997) [2], Brazil (Sistema Brasileiro de
Classificacaode Solos, 1999) [3, p.1-3], Germany
(Harmonization of Soil Survey Classification-Blending
East with West, 1990), Canada (Canadian System of

Soil  Classification, 1995) [4], Russia (V.V.
Dokuchaev's classification, 1977) [5], USA (Keys to
Soil Taxonomy, 2003) [6], France (Referentael

Pedologique, 2008) [7, p.166] etc. The foundation of the
work on the creation of an international soil
classification was laid back in the 1970s by Professor R.
Dudal [8]. Afterwards, a consolidated program was
developed, which was later named "World Reference
Base for Soil Resources" (WRB) [9]. The main
objective of WRB was the introduction of the latest
achievements in soil science related to the study of
global soil resources and their interrelationships.

Since scientific classification facilitates successful
investigation and proper use of soils, the issue arises of
representation of one classification in another. The
process of determining whether a soil belongs to a
particular class of soils in the classification in question
is called soil diagnostics. Each of these classifications
has its own diagnostic algorithm. There is a certain
number of soil parameters, by which a soil is placed in
one class or another. However, the measurement range
of these parameters is often approximate, fuzzy. In view
of the above, this paper is devoted to the study of the
possibility of applying fuzzy technologies to soil
diagnostics based on the World Reference Base for Soil
Resources.

On the priority of the defining
classification factor

It should be noted that, depending on the structural
principle, different classifications use different

parameters and use them in different sequences. In soil
classification, different soil science schools prioritize
different criteria based on the objective at hand. Here is
an example showing the importance of the sequence of
classification criteria applied.

We shall consider three notional tomato cultivars.
Let each cultivar be characterized by three parameters:
yield, disease resistance and water requirement. Assume
that the first cultivar has a high yield, but is not resistant
to diseases and requires abundant watering (Table 1).
The second cultivar is resistant to diseases and has a
high water requirement but an average yield. And the
third cultivar is not disease-resistant, has an average
yield but a low water requirement.

Table 1 — Values of the indicators for different tomato
cultivars in conventional units

Cultivar
Indicator
I 1I 111
Yield 1.0 0.8 0.6
Disease resistance 0.8 0.1 1.0
Water requirement 0.7 0.5 1.0

Assume that, for the purpose of cultivation, three
farmers need to classify these tomato cultivars into three
categories, "Preferred", "Allowed", "Undesirable". It is
known that the first farmer grows tomatoes in a
greenhouse, where all the conditions required for the
optimal development of plants can be created; the
second farmer works in an arid zone with limited
irrigation water, and the third one — in the ecological
area, where the use of chemicals is not allowed.

It is obvious that the first farmer prioritizes the
criterion of yield, the second farmer proceeds from
cultivation in the conditions of limited water resources,
and the third farmer prioritizes the resistance of the
cultivar to diseases. Consequently, the preferences of
these farmers will be as specified in Table 2. This
example demonstrates that changing the sequence of the
applied classification criteria can lead to completely
different results.
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Table 2 — Farmers’ preferences for cultivars

Table 4 — Some diagnostic parameters of soils

Farmer
Class
1 2 3
Preferred 1 11 11T
Allowed 11 1 1
Undesirable 11T 11T 1T

Fuzzy nature of diagnostic parameters

The defining factors in the soil diagnostics are
genetic horizons. There are 37 of them in the WRB
system. Each of these horizons is estimated on the basis
of the values of specific sets of parameters. Table 3
gives examples of genetic horizons [9].

Table 3 — Some genetic horizon according to the WRB

classification
Genetic
. Parameters
horizon
Protovertic | o Clay;
horizon o Wedge-shaped soil aggregates;
o Shrink-swell cracks;
o Coefficient of linear extensibility;
o Thickness.
Salic o pH water;
horizon o Soluble salts;
e Thickness;
o Consist of organic or mineral material.

Petrogypsic | ¢ Secondary gypsum (CaSO4-2H20);

horizon e Gypsum (by mass);
o Thickness.

Fragic o Consists of mineral material;

horizon  Soil organic carbon;
o Penetration resistance at field capacity;
o Effervescence.

At present, the WRB classification includes 32
reference soil groups. However, when assigning a soil to
a reference soil group, not all parameters are used.

Depending on the reference soil group, the
parameters under consideration also change. Let us
illustrate this with the following example. Take two
reference soil groups, Fluvisols and Histosols. When
assigning a soil to Histosols, the thickness of the
horizon of organic materials is considered first, and in
Fluvisols, it is the presence of alluvial material in the
soil profile that is primarily taken into account.

The total number of parameters that characterize a
soil is 28, and most of them have a fuzzy range of
measurement.

We give some of these parameters as an example
below in Table 4.

It should also be noted that the values of these
parameters are measured with a certain error; therefore,
their mean values are used in soil diagnostics.

Thus, sets of indicators can be determined as
corresponding elements of fuzzy sets [10].

In the following paragraphs, we shall perform the
fuzzification of a set of indicators of diagnostic
parameters, applying the fuzzy technology to the
description of the data, after which we shall use fuzzy
inference rules to carry out clustering of soils according
to the WRB system.

Parameter, unit Parameter L?w'e r U.p per
limit limit
of measurement value
value value
Clay 0 0.002
Qoze 0.002 0.05
Very fine 0.05 0.10
. grained sand
Granulometric Fine arained
composition, selg(eig ane 0.10 0.25
mm Mediumsand | 0.25 0.50
Coarse sand 0.50 1
Very coarse 1 >
sand
Sharp 0 2
Eeotl\l;l:;ry Clear 2 5
horizon, sm Gradual > 15
’ Diffuse 15
There is no 0
gypsum
Weak-gypsum 0 5
Gypsum Medium-gyp- 5 15
o sum bearing
content, %
Strongly 15 60
hygroscopic
Very strongly 60
hyposonic
Ultra acidic 0 3.5
Extremely 35 4.4
acidic ) )
Very strongly 45 5.0
acidic
Strongly 5 55
acidic ) )
Acid of water Moderately
in soil (pH), acidic 36 6.0
conventional unit | Slightly acidic 6.1 6.5
from 0 to 14 Neutral 6.6 7.3
Slightly
alkaline 74 78
Moderately 79 8.4
alkaline ) )
Strongly
alkaline 8.5 9:0
Very alkali 9.0 14

Description of the parameters
as fuzzy numbers

As a rule, when choosing the membership
function type, preference is given to the forms that are
easier to compute. To describe the membership function
of a set of diagnostic parameters of soil, we shall use a
trapezoidal function. This choice is based on the
following reasoning: the numerical values of the
parameters under consideration vary within certain
intervals; accuracy of measurement of point values has
errors; the boundaries of the intervals of values are
points.

Using the parameter of soil pH (acidity) as an
example (Table 4), we analytically build a trapezoidal
membership function.

To this end, we number the values of the soil pH
parameter i=1,...,11. Let g; be the sequence of the

upper limit values of these parameters, and a; =0 — the
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lower limit value "Ultra acidic". We call the interval
[a;,a;,,] the original carrier of the i-th value of the
parameter in question. For the value with the serial
numbers i=2,3,..,10, we shall propose the
membership function of the following form:

0 < al-_l +19al-
b 20 b
20x—(19a; +a;;)
diy] 4|
al-_l +19al- <x< 19al- +al-+1
20 7 20
19a; +a; a;: +19a;
x,i) =11, i l+]£x£ i z+1’ 1
u(x, i) 0 T (1)
20x-(19a;, 4 +a;)
it —4; ’
4 +19a;yy 194 +ay)
20 20 ’
0 19a;,1 +a;,» <y
’ 20

Formally assuming e.g. a_;=-1, aj, =15, we
can also extend formula (1) to the values i=1 and
i=11.

As an example, let us give the value "Very
strongly acidic" for the soil pH parameter:

0, x<4.355,
(20x—-89)/1.5, 4.355<x<4.43,
HpH (x,3)= 1, 443<x<4.97,
(20x-954.4)/1.2, 4.97<x<5.03,

0, 5.03< x.

For clarity, the graph of the function p o (X,3) is

given in Fig. 1.

o

Fig. 1. Graph of the membership function for the value
"Very strongly acidic" of the soil pH parameter

It should be noted that the functions p(x,7) are not
symmetric functions, i.e. their graphs are not isosceles
trapezoids. It is not too difficult to see that the function
pu(x,i) =1 is within 90% of the original carrier of the
values of the parameter in question and covers 5% of
the original carriers of adjacent values of the same
parameter (Fig. 2).

g

Fig. 2. Overlapping of the supports of the membership
function in adjacent intervals

The overlapping of the intervals of the supports of
the constructed functions p(x,7) provides an explanation

to the disputes related to soil clustering in various soil
science schools.

In the following paragraphs, we demonstrate that in
the case of coincidence of the values of the membership
function with the adjacent values, the soil classification
algorithm chooses a value with a smaller serial number,
thereby introducing a certain clarity in the process of
clustering.

Description
of the soil classification algorithm

During soil diagnostics, soil is studied first: the
soil is sectioned, the soil parameters are measured
(some parameters are determined in the field and some
in the laboratory).

To identify the diagnostic horizons, the soil
parameters are compared with the parameters of the
horizons, using the compositional inference rule. Thus,
it is established which horizons exist in the given soil.
This operation is additive and does not depend on the
sequence of application of the values of some or other
parameter.

Further, proceeding from the available diagnostic
horizons in the soil under investigation, it is possible to
identify to which of the 32 reference soil groups it
belongs. For this purpose, the main diagnostic indicators
of the soil are successively checked in accordance with
Table 5.

Table 5 — Sequence of genetic horizons for soil identify-
cation according to the WRB classification

# Gerzetlc Parameters
horizon
1 2 3
e Munsell colours;
| Anthraquic |e Platy structure;
horizon o Bulk density;
o Thickness of soil.
o Illuvial accumulation of clay;
o Predominant pedogenetic formation of
clay in the subsoil;
) Argic o Selective surface erosion of clay;
horizon o Biological activity;
o Coefficient of linear extensibility;
o Has a texture class of loamy sand or
finer;
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Further, comparing the diagnostic indicators of
soils with the obtained diagnostic horizons (in the strict
sequence of the given algorithm), the first reference soil
group on the list is found.

Example

Let us give an example by considering sierozem
soils. The monograph by M. P. Babayev [11] defines the
indicators of these soils as follows:

e soil with anthropogenically transformed horizon
thicker than 50 cm, root penetration depth 20-30 cm;

e no horizon over 40 cm, by two thirds
consisting of weakly decomposed organic residues;

1 2 3 ¢ no technogenic inclusions;
o Thickness; e no cryic horizon;
* Has clay content or clay in the fine o thin section in sierozem soil over 30 cm;
ear'th fracqon; e 42% clay in the 25-30 cm thick horizon in
e Soil organic carbon. sierozem soil.
» Calcium carbonate; The membership function for such indicators as
o The degree of effervescence "o . "o . . won .
« Secondary carbonates; soil thickness", organic .remdues ; root penetration
Calcic « Thickness of soil; depth", "technogenic inclusions", "thickness of the cryic
3 horizon o Porosity; horizon", "thickness of thin section", "thickness of the
e Munsell colours; argic horizon".
o pH water; The results of the fuzzy inference about the
o _Consist of gypsum; identification of the parameter values are given below in
o Texture class; Table 6.
e Munsell colours
4 |Cambic * Structure; Table 6 — Description of the sequence of operations
horizon * Clay content; in the soil identification on the basis of WRB
o Carbonates;
» Consist of gypsum. Sequence Of Diagnostic indicators of
reference soil soils Result
¢ pH water; groups
* Mottles or coatings with N Histosols » Thickness of the horizon; No
Thionic accumulations of iron or alqmmlum »_Organic residues :
35 horizon sqlfate or hydro?(ysulfate mm@ra]s; e Depth of penetr:«:ltlon of
. Dlrect' superposition on sulfidic Anthrosols the root mass in the No
material; anthropogenically
o Thickness of soil. transformed horizon
e Structure soil; o The presence of
. e Soil organic carbon; Technosols technogenic inclusions No
36 E;El;:)lg e Munsell colour; in the upper layer
o Teksture soil; Cryosols o There is a frozen horizon No
o Thickness of soil. Leptosols o Thickness of thin profile No
o Clay content; e Presence of clay in the
Vet . W'edge—s'hap.ed soil aggregates; Vertisols Vgrtic horizon with a Yes
37 | Vertic . SllgkeﬂSldes, thlgkness of clay
horizon o Shrink-swell cracks; horizon.
e Thickness of soil;
»_Coefficient of linear extensibility. Thus, the soil under investigation, according to

the granulometric composition data for sierozem soils
based on M. Babayev’s classification of Azerbaijan
soils, can be assigned to the soil group "Vertisols".

Conclusion

The paper proposes a fuzzi fication mechanism for
the set of indicators of diagnostic parameters and
describes the algorithm of the system of fuzzy inference
about the identification of the wvalues of the
corresponding parameters in accordance with the
compositional inference rule. Thus, the effectiveness of
the use of fuzzy technologies in soil diagnostics by the
World Reference Base for Soil Resources is
demonstrated.
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HeuiTka giarnocTuka rpyHTis
BianmoBigHo 10 CBiTOBOI pedepaTHBHOI 0231 IPYHTOBHX pecypciB

C. A. XacaHoBa, A. b. [Tamaes, E. H. Ca63ieB

Anotanis. Knacudikarist rpyHTiB 3anuIIaeTbesl OQHIEIO 3 HAHOUIBII CylIepewINBUX TE€M B CBITOBIH Haylli PO IPYHTI
4epe3 BiZIMIHHOCTI B OCHOBOIOJIOKHUX NpHHIMNAX. Ha choronuimHii qens 6arato kpain po3poOMIi i BUKOPUCTOBYIOTh CBOI
BacHI HauioHanbHi Kkiacudikamii. Ockinbku HaykoBa Kiacudikalis IOJErulye YCHIlIHE JOCHIJDKEHHS 1 IpaBHIbHE
BUKOPUCTAHHS IPYHTIB, BMHHMKAa€e IpoOiieMa NpeJCcTaBleHHs oxHiel knacudikauii B iHmMMHA. Y CTaTTi pO3MIIAAETHCS
MOXIIMBICTh 3aCTOCYBAaHHS HEWITKMX TEXHOJIOTiH JUIi JiarHOCTUKH IPYHTIB Ha ocHOBi BcecBiTHboi JloBinkoBoi bazm
IPYHTOBHX pecypciB. 3arpornoHoBaHO TpaneueiganbHux Gpopma GyHKIINH NpHHAIEKHOCTI HA0OpY IapaMeTpiB AiarHOCTHYHUX
TOPHU30HTIB. AJITOPUTM HEYITKOI JIarHOCTUKHM NPEJCTaBICHHH Ha OCHOBI 3alpOINOHOBaHMX (GYHKUiH. BucHOBOK. ¥V crarTi
3aIpOIIOHOBAHO MeXaHi3M ¢a3udikauii 1 HAOOpy IHAUKATOPIB AIarHOCTHYHMX IApaMeTPiB 1 ONUCAaHUH AJITOPUTM CHCTEMHU
HEYiTKOro BUBEICHHS IO iJCHTHU(]IKAILiI0 3HA4YEHb BIAMOBITHHMX IapaMeTpiB BiANOBIJHO 10 IpPaBWJIa KOMIIO3ULIHHOIO
BUBEICHHA. TakuM 4MHOM, JOBeleHa e(eKTHBHICTb BUKOPHCTaHHS HEYITKHX TEXHOJOriil B AiarHoctuui rpyHry CiToBHI
pedepatuBHOi 6a3010 IPYHTOBUX PECYpPCIB.

Karw4dosi caoBa: inbpopmaniiiHa Mozenb; TPyHT; HEUiTKI TEXHOJIOriT; Kiacudikawis IPyHTIB; AlarHOCTUYHUN FOPU30HT;
JIIarHOCTUYHI apaMeTpH.

Heuerkas 1narHocTMKa no4s
B COOTBETCTBMH ¢ MupoBoii pedepaTnBHOii 0230l MOYBEHHBIX PECYPCOB

C. A. Xacanosa, A. b. Ilamaes, D. H. Ca03ueB

AnHoTanus. Knaccudukanus nous ocraercs 0OJHON U3 caMbIX INPOTUBOPEUUBBIX TEM B MUPOBOW HAayKe O MOYBE U3-
3a pa3lIMuMii B OCHOBOIIOJNATAIOMIMX NpUHIMNaX. Ha cerogHsIIHui JeHb MHOTHE CTPaHbl pa3padoTald U MCIOIb3YIOT CBOU
coOCTBEHHBIE HalMOHaNbHble Kinaccudukamuu. ITockoneky HayuHas knaccuduKanus oberyaeT ycrneumHoe Hccae0BaHue U
NPaBWJIBHOE MCIOJIB30BAaHUE IOYB, BO3HHMKAeT IpoliieMa IpEACTaBIeHUS OJHOW Kiaccupukanuum B Jpyrod. B cratee
paccMaTpHBaeTCd BO3MOXHOCTh NPHUMEHEHHsS HEYETKHMX TEXHOJNOTMH A JWAarHOCTMKM ITOYB HAa OCHOBE BcemmpHOM
CnpaBounoii ba3bl mouseHHbIX pecypcoB. IIpemutoxeHa TpaneunenznanbHas ¢opma (yHKIMH NpHHAUIEAKHOCTH Habopa
MapaMeTPOB AMArHOCTUYECKHX TOPH30HTOB. AJITOPUTM HEYETKOW IHMAarHOCTHKU IIPEJCTaBIE€H HA OCHOBE IPEIOKEHHBIX
¢bynxuuii. BeiBoa. B cratbe npeuioxen MexaHusM ¢a3sudukanuy 11 Habopa MHAMKATOPOB JHArHOCTMYECKUX IapaMeTpoB
U OIHCaH AITOPUTM CHCTEMbl HEUYETKOrO BbIBOJA 00 MICHTH(QHKAIMHM 3HAYCHUH COOTBETCTBYIOLIMX IapaMeTpOB B
COOTBETCTBUHM C IIPAaBUJIOM KOMITO3UILIMOHHOr'O BbIBOJA. TakuM oOpa3oM, Joka3aHa 3G PEeKTUBHOCTh HCIOIb30BAaHUS HEUETKUX
TEXHOJIOTUl B IMarHOCTHKE 10YBbl MUpOBO# pedepaThBHOI 62301 IIOUBEHHBIX PECYPCOB.

KawueBblie cjoBa: I/IHq)OpMaLII/IOHHaH MOJZICJIb, ITOYBa; HCUCTKHUC TCXHOJIOI'MH, KJ'[aCCI/I(i)I/IKaI_II/IH I104B; Z[I/IaFHOCTI/I‘IeCKI/Iﬁ
TOPU30HT; TUArHOCTUYCCKUEC ITapaMETPhI.
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