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Application of the WRB (FAO) and US Taxonomy Systems to 
Gypsiferous Soils in Northwest Isfahan, Iran 

N. Toomanian1, A. Jalalian2, M.K. Eghbal2 

ABSTRACT 

Gypsiferous soils occur in the arid and semi-arid regions of Iran and are found in dif-
ferent geomorphic units. Few studies are available on the genesis and classification of 
these soils. In the present study, fifteen pedons from an area extending from Jaafarabad 
Mountain to the central piedmont plain are studied. The objective is to classify the gyp-
siferous soils studied according to the USDA Soil Taxonomy (1990, 1994, 1996, 1998, and 
1999) and WRB (FAO, 1974, 1988- FAO, ISSS, ISRIC 1994, 1998) systems. For this pur-
pose, the designation, amount of gypsum, depth and the thickness of gypsic horizons will 
be taken into account. The study area includes different geomorphic units such as grav-
elly fan, quaternary gravelly alluviums and piedmont plain. The 1994 version of the 
USDA Soil Taxonomy allows for more characteristics of the soils under study to be de-
fined as compared with the previous versions, while the more recent versions (1996, 1998, 
and 1999) have remained unchanged in this regard. FAO (1974, 1988) and its successor 
WRB (1994, 1998) show continual and immense progress allowing for greater differentia-
tion of various soils. It will be shown that the WRB 1998 version offers greater possibili-
ties for more detailed characteristics to be included in the classification system; hence, its 
higher efficiency in comparison to the USDA system. 
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INTRODUCTION 

Gypsum is a common mineral occurring in 
semi-arid and arid regions (Watson, 1983 
and 1988; Porta and Herrero, 1988; Doner 
and Warren, 1989; and Herrero et al., 1992). 
The presence of this mineral in soils is 
closely associated with climatic and topog-
raphic conditions (Nelson, 1982; Porta and 
Herrero, 1988). Gypsic soils are reported in 
xeric, ustic, and aridic moisture regimes 
(Watson, 1983; FAO, 1990). Gypsic hori-
zons are formed in regions with less than 
400 mm rainfall (Porta and Herrero, 1988; 
FAO, 1990) while gypsic crusts are nor-
mally found in desert areas with less than 
250mm rainfall (Watson, 1983). Gypsum 
crystals occur individually or as masses in 

soil groundmass and pores (Porta and 
Herrero, 1988; Eswaran and Zi-Tong, 1991). 
When the amount of gypsum increases, it 
invades the total space of the soil horizon. 
Ggypsiferous soils have recently received 
more attention, but a better understanding of 
their genesis requires more information. Soil 
Taxonomy (Soil Survey Staff, 1999) desig-
nates the gypsiferous soils in different sub-
levels of Aridisols, Gelisols, Inceptisols, 
Mollisols, and Vertisols. The world Refer-
ence Base for Soil Resources (1998) recog-
nizes a larger category as Gypsisols.  

Diagnostic horizons in the two above men-
tioned classification systems are defined as 
“Gypsic”, for soft and unindurated gypsic 
layers and “Petrogypsic”, for cemented and 
indurated ones. Eswaran and Zi-Tong (1991) 
have suggested a hypergypsic horizon with> 
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60% secondary gypsum. As a consequence, 
a great hypergypsic group had to be added to 
Aridisols. In an international workshop on 
WCMDS   in China in 1993, the committee 
accepted “Petro, Haplo and Hyper” forma-
tive elements to differentiate indurated soils 
containing <60%, and soils containing> 60% 
gypsum (Ilaiwi and Eswaran 1993). Re-
cently, WRB has established a third diagnos-
tic horizon named “Hypergypsic” to define 
intensive crystallization of secondary gyp-
sum in soils. A master horizon (Y) has been 
proposed for designating and distinguishing 
hypergypsic horizons (Herrero et al. 1992). 

Gypsiferous soils are widespread in most 
provinces of Iran (especially in central Iran), 
exceptions being the northern Iranian prov-
inces (Table 1). Estimates of the area under 
these soils in Iran are varied. FAO (1991), 
Mashali (1992), and Mahmudi (1998) have 
reported these soils to be distributed over 

420 km2, 9.8 million ha and 27-28 million 
ha, respectively. The results from a new 
study (ISWRI, in press) show that the area 
may be over 30 million ha (Table 2). Given 
their proper geological resources (Khademi 
et al., 1997; Toomanian et al., 1999), car-
bonates, sulfates and evaporate minerals 
play a major role in the genesis and evolu-
tion of the soils in central Iran. According to 
Khademi et al. (1997) and Toomanian et al. 
(1999), the main resources for gypsum in 
our study area are the different Cretaceous 
sediments. Toomanian et al. (1999), study-
ing the origin of gypsum in the same area, 
found a relationship between gypsum accu-
mulation and the adjacent mountains. They 
also showed that gypsum had been released 
from these sediments through weathering 
processes and then accumulated in nearby 
soils after translocation. 

The mineral gypsum can be readily found 
in all geomorphic surfaces in the Isfahan 
region. Toomanian et al. (2001) reported on 
the genesis and evolution of gypsiferous 
soils extending on fans, dissected old alluvi-
ums, and piedmont plains of this area. Amit 
and Yaalon (1996) have done a useful work 
on the micromorphologic aspects of differ-
ent gypsum crystals in gravelly soils. As its 
main objective, the present paper will apply 
the WRB (FAO) and US Soil Taxonomy 
systems to classify the gypsiferous soils in 
northwest Isfahan. 

MATERIALS AND METHODS  

The Study Area 

The study area, located on the southern 
slopes of Jaafarabad Mountain, is the best 
representative of gypsiferous soils within the 
northern Zayandeh Roud sub-basin (Figure 
1). It has a dry and hot climate with dry 
summers (Karimi, 1987). The annual 
evapotranspiration rate, mean temperature, 
and precipitation are 1571mm, 14.1ºC and 
122mm, respectively. The climatic data for 
the study area are presented in Table 3. 
Cross sections of the study area are shown in 

Table 1. The extent of gypsiferous areas in 
different provinces of Iran, according to 
Mahmudi (1998). 

Ga Cb Provinces 
2319000 162000 Sistan 
1618430 350190 Hormozgan 
1490860 112020 Khoozestan 
924980  Semnan 
563500 5350 Zanjan 
356510  Kohgiluieh 
237590 110070 Kermanshah 
138420  Lorestan 
70810  Markazi 
24890  Hamadan 
10990 120350 W.Azrbayejan 
416435  Yazd 
5390370  Khorasan 
39589450  Isfahan 
2043500 124500 Kerman 
1604060  Fars 
1045660 3560 Booshehr 
629960 14600 Ilam 
480640 79540 Azrbayejan 
229960 65240 Tehran 
168740  Mazandaran 
101090  Kordstan 
27880  Gilan 
15505  Chaharmahal 
28781145  Total 
a Homogeneous gypsic areas 
b Heterogeneous gypsic areas 
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Figure 2. The soils in this area have been 
formed through the weathering of calcareous 
sediments and shale. Soil temperatures and 
moisture regimes are thermic and aridic, re-
spectively (Banaii, 1998). 

Geomorphologic and paleoclimatologic 
studies by Krinsley (1970), Bobek (1961), 
and Wright (1961) show that central Iran 
had a much colder and wetter climate in the 
late Pleistocene and early Holocene eras. 
Several sedimentation processes contributed 
to the formation of the present landforms. 
These included the following 1) Removal of 
materials in the direction of mountain slopes 
by colluvial and alluvial processes to form 
taluses, fans and/or pediments. Through this 
process, mountain sediments underwent 
weathering and gypsum was released and 
spread (Toomanian et al., 1999). 2) The 

transportation of large quantities of materials 
along the longest slope of the catchment 
through catastrophic flooding processes dur-
ing the late Pleistocene and early Holocene 
periods. Coarse materials and gypsum min-
eral were translocated along this path away 
from the central parts to the area around the 
outlet of the catchment. Old alluvial terraces 
were thus formed (Krinsley, 1970) and later 
dissections caused them to form a rolling 
surface. It is supposed that the movement of 
fine material with gypsum transversely from 
gravelly and extremely gypsiferous hills re-
sulted in the formation of non-gravelly sur-
faces. 3) Existing piedmont plains were 
formed beside the old alluviums by subse-
quent minor erosion and sedimentation proc-
esses. 

The piedmont plain is the only cultivated 

Table 2. The extent of gypsiferous areas with their associations in Iran.  

Soil Associations in Mapping Units Area ( ha) 
(Typic, Xeric, Ustic) Haplogypsids + (Typic, Xeric, Ustic) Torriorthents + Typic Calcigypsids 10557051 
(Typic, Xeric, Ustic) Torriorthents + (Typic, Xeric, Ustic) Haplogypsids + Typic Calcigypsids 24669068 
Gypsic Haplosalids + Gypsic Aquisalids 7300336 
Petrogypsic Haplosalids + Gypsic Haplosalids 3052610 
Typic Petrogypsic + Typic Haplogypsids 997281 
Typic Haplogypsids + Gypsic Haplosalids 4119476 
TOTAL 50695822 

 

Figure 1. Study area in Isfahan province, central Iran.  

Soils derived from the mountains 
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(wheat and barley) part of the area while the 
rest is used for low productive ranges. The 
sparse green cover consists of Euphorbia sp. 
Alhaji camelorum, Artemizia herba, and 
Peganum harmal. 

Fieldwork 

A transect of soil with fifteen pedones 
(from mountain to piedmont plain) was stud-
ied (Figure 2). Using the Field Book for De-
scription and Sampling Soils (NSSC-NRCS, 
1998), soil pedons were described and soil 
samples were taken from genetic horizons. 
In order to distinguish, define and designate 
the genetic horizons, the Soil Taxonomy 
(1990, 1994, 1996, 1998, and 1999), FAO 
(1974, 1988), and FAO, ISSS, ISRIC (WRB 
1994, 1998,) systems were considered. The 
suggestions of Eswaran and Zi-Tong (1991) 
and Herrero et al. (1992) were also taken 
into account to identify the hypergypsic ho-
rizons. Five representative profiles, (each 
within a geomorphic unit), were selected to 
show the diversity of soil characteristics and 
to establish the relationship between gypsum 
accumulations and geomorphic units. 

Methods 

Chemical properties and gypsum amount 
were determined using the Soil Chemical 
Methods of Analysis (1986) and hydration 
water was calculated according to Lagerwerf 
et al. (1965) and Nelson et al. (1978). The 
revision included a) changing the soil/water 
ratio from 1/5 to 1/500, b) increasing the 
first shaking period from 0.5 to 48 hours, 
and c) increasing the sedimentation period 
after adding acetone from 0.5 to 2 hours. 
The method described by Polemio and 
Rhoades (1977) was used to measure the 
CEC of the samples. 

Considering the pre-treatment described by 
Hess (1976), textures of samples were 
measured using the pipette method. Silica 
jell was used to dry samples. All oven-dried 
base data were corrected for two water 
molecules of dried gypsum (Nelson et al., 
1978). 

Thin soil sections were prepared according 
to Murphy (1986). The cannus resin with 
somewhat different mixing rates was used to 
impregnate the undisturbed samples. The 
thin sections were described according to 
Bullock et al. (1985). 

 
Figure 2. Cross-section showing the geology and landforms in study area. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
03

.5
.1

.6
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
8-

01
 ]

 

                             4 / 16

https://dorl.net/dor/20.1001.1.16807073.2003.5.1.6.3
https://jast.modares.ac.ir/article-23-10104-en.html


Gypsiferous Soil Classification ________________________________________________  

55 

RESULTS 

The morphologic and physico-chemical 
characteristics of representative profiles are 
presented in Tables 4 to 6. The morphologic 
characteristics and horizon schematic 
sketches of profiles are shown in Figure 3. 
Each profile represents a geomorphic unit. 

The coarse gravelly upper fan with a slope 
of 8-15% contains a coarse textured and 
weakly developed soil formed from lime-
stone and shale. Because this landform had 
been permanently receiving coarse materials 
from the adjacent mountain, it would not 
have been expected to show any develop-
ment, thus remaining young through time. In 
the gypsic horizon, gypsum occurs as clus-
ters of crystals and pendants. It was not clear 

whether the gypsic (2Byb) horizon in this 
soil had formed from a different parent ma-
terial or if coarse textured soil had allowed 
percolating water to translocate the gypsum 
to that depth.      

The lower fan, with a slope of 5-8%, con-
tains gypsic and calcic horizons in its soil 
profile. The upper boundary of the gypsic 
horizon has diagonal fibers of gypsum crys-
tals, abruptly separated from the calcic hori-
zon. At higher depths, the crystals change to 
clusters and pendants. A few gypsum crys-
tals are found within the calcic horizon. 
More gypsum crystals are concentrated in 
soil pores but few in soil groundmass. Mi-
cromorphological features formed in the 
subsoil horizons include channel or chamber 
internal gypsic coatings, infillings, and grain 

Table 3. Climatic data for the study area (1987-1996). 
Dec Nov Oct Sep Aug July June May  Apr Mar  Feb Jan  
10.9 17.7 24.3 31.2 35.2 36.3 34 28 22.2 16.7 11.9 8.7 Mean Max. Temp. 
-0.8 3.7 9.3 15.2 19.9 21.6 19.2 14.3 9.4 4.4 -0.3 -1.9 Mean Min. Temp 
5.1 10.4 16.7 19.2 22.7 24.1 22.4 17.4 12.4 8.6 4.4 3.4 Mean Temp 
22.4 10.1 4.3 0 0.1 0.9 0.7 9.8 15.4 20.5 15.1 23.1 Rainfall (mm) 

4.4 65.1 115.9 155.1 208 228.5 313.3 186.7 139.5 110 58.9 46.8 
Pot. Evapo-
Transpiration (mm) 

20.8 5.2 0 0 0 0 0 0 0.1 6.6 15.9 24.6 Freezing period (day) 
58.7 49.7 38.6 28.3 25.8 25 23.6 33.6 40.1 46.9 53.8 60.9 Relative Humidity (%) 
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 Figure 3. Schematic sequences of features seen in soil profiles. 
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external coatings (Figure 4). 
Old dissected non-gravelly alluvial sur-

faces are composed of soils with gypsum 
crystals and fine earth only. These materials 
have formed a granular structure in the top-
soil. Arrangements of gypsum crystals have 
formed vertical gypsic fibers (vertical bands 
of elongated crystals, Figure 5) along subsoil 
horizons. Vertical gypsic fibers are in some 
way connected laterally to form a firm, 

densely-packed three-dimensional continu-
ous porous media in the Y1 (Herrero et al., 
1992) and By1 horizons. The length of these 
fibers (threads) decreases with depth. The 
amount of silt and gravel increases in the 
horizon but soil porosity decreases. 

Old dissected gravelly alluvial surfaces are 
composed of a thin surface layer of fine 
loose soil material below a desert pavement. 

Soil Taxonomy: 
1990, 1994, 1996, 1998, 1999- Typic Torriorthents 
WRB (FAO): 
1974- Calcaric Regosols 
1988- Skeli-Haplic Gypsisols 
1994- Haplic Gypsisols 
1998- Skeli-Calcaric Regosols 

Soil Taxonomy: 
1990-Calcic Gypsiorthids 
1994, 1996, 1998, 1999- Typic Calcigypsids 
WRB (FAO): 
1974-Calcic and/or Gypsic Yermosols 
1988-Hapli-Calcic Gypsisols 
1994-Calcic Gypsisols 
1998-Calcic, Endo Hypogypsic Gypsisols 

Soil Taxonomy: 
1990-typic Gypsorthids 
1994, 1996, 1998, 1999-Leptic Haplogypsids 
WRB (FAO): 
1974-Gypsic Yermosols 
1988-Epi-Haplic Gypsisols 
1994-Haplic Gypsisols 
1998-Epi- Cumuli, Hypergypsic Gypsisols 

Soil Taxonomy: 
1990-Typic Gypsorthids 
1994, 1996, 1998, 1999-Leptic Haplogypsids 
WRB (FAO): 
1974- Gypsic Yermosols 
1998-Epi-Haplic Gypsisols 
1994-Haplic Gypsisols 
1998-Skeletic, Epi-Cumuli Hypergypsic Gypsisols 
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of the compound gypsic pedofeatures took 
place at this stage, and the gypsic horizon 
criteria are met. This stage was found 
mainly in finer textured soils of the lower 
fan. 4) Evolution of gypsic horizons reached 
its maximum and soils met the hypergypsic 
criteria. Under the circumstances, the super-
enriched gypsic soils (Stage four) are di-
vided into three categories: i) a wall of crys-
talline gypsic vertical fibers (threads) 
formed in non-gravelly old alluviums (Fig-
ure 5); ii) a wall of pendants or bearded 
gravel with their interconnections formed in 
gravelly old alluviums; and iii) euhedral 
gypsum clusters (Figure 8). 

Classification of these soils using the latest 
versions of the two systems is presented in 
Table 7. We consider FAO and WRB as one 

system because WRB plays a complemen-
tary role to that of FAO and tries to provide 
scientific depth and background to the re-
vised 1988 legend. As we know, interna-
tional taxonomic systems are intended to 
continually “incorporate the latest knowl-
edge related to global soil resources and 
their interrelationships, to include some of 
the recent pedological studies and expand 
the use of the systems from an agricultural 
base to broader environmental ones”.(FAO. 
ISSS. ISRIC. 1998). 

From an agricultural viewpoint, soil classi-
fication is to differentiate soils according to 
their morphologic and/or genetic character-
istics in order to obtain as complete as pos-
sible uniform soil. Every attempt aimed at 
including more detailed soil genetic or mor-

Table 5. Physical characteristics of representative soil profiles.  

Horizones Depth Sand % Silt % Clay % %Saturation 
Percentage 

Very Fine 
Sand % 

Prof. 3, Upper fan        
A 0-15 53 30 17 23.05 11.5 
C1 15-70 68 21 11 27.66 13.7 
2C2 70-100 81.4 13.6 6 30.2 11.1 
2Byb 100-140 31.5 44.5 24 44.03 10 
Prof. 5, Lower fan       
A 0-15 69.5 17.5 13 18.36 5.2 
Bk1 15-38 59.5 16.5 24 32.2 7 
Bk2 38-65 63.5 14.5 22 25.7 4.9 
By 65-130 57 13 30 42.6 5 
Prof. 9, Non-
gravelly alluvium 

      

Ay 0-17 60 30.5 9.5 18.7 12.6 
Y1 17-54 64 33.5 2.5 21.4 11.8 
By1 54-98 53 41 6 21.9 7 
By2 98-1150 52 45.5 2.5 25.1 5.2 
Prof. 11,  gravelly 
alluvium 

      

A1 0-8 55.3 33 11.7 18.7 11.2 
Av 8-15 50 35 15 20.5 15.6 
Y1 15-73 72 22 6 15.84 11.5 
Y2 73-115 65 27 8 20.62 8.1 
2Y3 115-150 70 24 6 25.36 7.3 
Prof. 14, Piedmont 
plain 

      

Ap 0-25 55 20 25 27.45 10.2 
Bk1 25-45 43.5 28 28.5 35.16 9.3 
Bk2 45-60 35.5 41.5 23 39.6 11.2 
2Byb1 60-90 60 31 9 23.9 7 
2Yb2 90-117 67 18.5 14.5 19.6 6.3 
2Byb3 117-140 71 18 11 21.13 4.1 
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phologic properties will lead to the im-
provement of taxonomic systems. The appli-
cation of efficient systems helps to show the 
potential of each polypedon. In order words, 
each system aims to highlight the use and 
management aspects of soils. In order desig-
nate gypsic horizons and classification there 
is, therefore, a need for understanding com-
plete pathways of gypsification processes. 
Also we should consider the amount, thick-
ness, and depth of gypsic horizons in soil 
profiles, beside other genetic horizons and 
non-genetic characteristics. 

Classification of the soils studied in this 
study using different versions of the USDA 
and WRB systems revealed that skeletal and 
high reaction classes of undeveloped soils of 
the upper fan could only be considered if the 
latest version of WRB (1998) were applied. 
All versions of soil taxonomy and the latest 
versions of WRB indicate that calcic and 

gypsic horizons are formed in soils devel-
oped on the lower fan. However, the depth 
of gypsic horizons and range of their accu-
mulation are incorporated only in the 1998 
version of WRB. 

In soils developed on alluviums (non-
gravelly and gravelly) and piedmont plain, 
the US system indicated the depth of gypsic 
horizons but no mention is made of the 
range of accumulated gypsum and the thick-
ness of the horizons. However, WRB 
(1998), with its flexible structure, was able 
to account for both of the properties men-
tioned as well as the skeletal property of 
gravelly alluviums.  

In dry regions and in processes of carbon-
ate parent materials, gypsic horizons are 
found together with calcic and with or with-
out salic horizons. The presence of consider-
able amounts of secondary carbonates in the 
form of concentrations or pockets in gypsic 

Table 6. Chemical characteristics of representative profiles. 
Horizons Depth Organic 

Matter 
(%) 

CEC 
C mole/Kg soil 

PH Paste EC 
dS/m 

Gypsum 
% 

Carbonate 
% 

Prof. 3, Upper fan        
A 0-15 0.066 5.7 8 1.1 1.2 55.5 
C1 15-70 0.054 2.8 8 1.06 1.1 59.7 
2C2 70-100 0.03 2.1 8.15 0.84 1 59.3 
2Byb 100-140 0.04 4.75 7.8 2.9 13.2 33.7 
Prof. 5, Lower fan        
A 0-15 0.6 8.2 7.85 3.1 1.43 59.5 
Bk1 15-38 0.37 8.4 8.15 0.8 1.22 52.76 
Bk2 38-65 0.66 5 8 1.1 0.8 56.3 
By 65-130 0.64 2.63 7.70 4.7 20.2 37.8 
Prof. 9, Non-gravelly 
alluvium 

       

Ay 0-17 0.49 5 7.7 2.7 39.3 31 
Y1 17-54 0.13 1 7.5 2.6 67.4 19.8 
By1 54-98 0.13 3.3 7.75 2.75 50.7 25.6 
By2 98-1150 0.29 5.7 7.75 2.7 50 21.8 
Prof. 11, Gravelly alluvium 
A1 0-8 0.25 6.1 7.7 3.21 2.6 44.3 
Av 8-15 0.16 6.7 7.75 3.15 3.2 42.7 
Y1 15-73 0.14 5.1 7.9 4.3 78 10.23 
Y2 73-115 0.16 4.9 7.8 4.43 68 18.1 
2Y3 115-150 0.32 3.2 7.7 3.7 64.7 24.2 
Prof. 14, Piedmont plain        
Ap 0-25 0.34 20 7.9 5.7 1 50 
Bk1 25-45 0.25 7.22 7.8 7.34 1.57 41.6 
Bk2 45-60 0.38 9.56 7.75 9 1.05 38.9 
2Byb1 60-90 0.1 0.4 7.6 6.4 34.33 30.33 
2Yb2a 90-117 0.1 6.45 7.75 4.4 56.53 30.45 
2Byb3 117-140 0.2 5.4 7.8 4.6 14.3 48.9 

a According to field observation.  
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tion. Therefore, it is advisable to define gyp-
sic horizons according to their effects on soil 
productivity levels. We suggest the use of 
5%, 25% and 40% minimal gypsum quanti-
ties in soil taxonomy to define the following. 

1. Hypogypsic – containing 5- 25% gypsum, 
which in the primary percentages does not 
affect plants growth but, as the amount of 
gypsum increases, reduces the increase in 
plant growth.  

2. Haplogypsic – containing 25-40% gypsum, 
substantially reducing plants yield.  

3. Hypergypsic - containing >40%, in which 
the roots of no agricultural plants may 
grow. 
Furthemore, we suggest that: 1) In case of 

consecutive gypsic horizons, the definition 
of “5% more than the underlying layer” 
should be omitted from the criteria of gypsic 
horizons in each system; and 2) all oriented 
gypsum crystals, regardless of their size, 
shape and type of orientation, be recognized 
as secondary (pedogenic) features. 

ACKNOWLEDGMENTS 

The first author wishes to thank the Iranian 
Research, Education and Extension Organi-
zation for providing him with a graduate 
scholarship to work toward his MSc. in Soil 
Science; the work presented here is part of 
the dissertation submitted for the degree. 

Grateful acknowledgments are extended to 
reviewers for their constructive comments 
and for suggestions that helped us to im-
prove the original version of this paper. 

REFERENCES 

1. Amit R. and Yaalon D. H., 1996. The Mi-
cromorphology of Gypsum and Halite in 
Reg soils – The Negev Desert, Israel. Earth 
Surf. Process. Landf., 21: 1127-1143. 

2. Banaii, M. H. 1998.  Soil Moisture and Tem-
perature Regimes Map. Soil and Water Re-
search Institute of Iran, Tehran. 

3. Bobek, H. 1961. Nature and Implications of 
Quaternary Climatic Change in Iran, Sympo-
sium on change of climate. UNESCO-WMO. 
pp. 403-413. 

4. Boyadgiev, T. G. 1993. Gypsisols. Draft 
paper presented to the meeting on World 
Reference Base for Soil Resources, Rome. 7 
pages. 

5. Boyadgiev, T. G., and Sayegh A. H. 1992. 
Forms of Evolution of Gypsum in Arid Soil 
Parent Materials. Pedologie., pp. 171-182. 

6. Bullock P., Fedoroff N., Jongerius A., 
Stoops G. and Tursina T. 1985. Handbook 
for Soil Thin Section Description. Waine Re-
search pub., Wolverhampton, England. 

7. Page A. L., Miller R. H., and Keeney D. R. 
(Eds.), 1982. Methods of Soil Analysis. 
Chemical and Microbiological Properties. 
Agronomy No. 9. Part 2, 2nd edition, ASA, 
SSSA. 

Table 7.Classification of soils studied in the WRB (FAO) and Soil Taxonomy systems. 
Rep. 
Profiles 

WRB, 1998 Soil Taxonomy 1999 US Family classification 

3 
 

Skeli-Calcaric Regosolsa Typic Torriorthents Loamy- skeletal over sandy, mixed (cal-
careous), thermic, Typic Torriorthents. 

5 
 

Calci-Endo Hypogypsic 
Gypsisolsa 

Typic Calcigypsids 
Haplc Calcigypsidsb 

Fine loamy, carbonatic, thermic, Typic 
Calcigypsids. 

9 
 

Epi- Cumuli, Hypergypsic 
Gypsisolsa 

Leptic Haplogypsids 
Leptic Hypergypsidsb 

Coarse loamy, gypsic, thermic, Leptic 
Haplogypids. 

11 
 

Skeletic- Epi-Cumuli,  
Hypergypsic Gypsisolsa 

Leptic Haplogypsids 
Leptic Hypergypsidsb 

Loamy-skeletal, gypsic, thermic, Leptic 
Haplogypsids. 

14 
 

Calci- Haplogypsic Gyp-
sisols a 

Typic Calcigypsids 
Haplic Calcigypsidsb 

Coarse loamy over loamy-skeletal, gyp-
sic, thermic, Typic Calcigypsids. 

a Proposal for WRB, 1998.        
bProposal for Soil Taxonomy, 1999.  

 
            

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
03

.5
.1

.6
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
8-

01
 ]

 

                            13 / 16

https://dorl.net/dor/20.1001.1.16807073.2003.5.1.6.3
https://jast.modares.ac.ir/article-23-10104-en.html


 ____________________________________________________ Toomanian, Jalalian and K. Eghbal 

64 

8. Doner, H. E. and Warren C. L. 1989. Car-
bonate, Halide, Sulfate and Sulfide Minerals. 
In: "Minerals the in Soil Environment. Sec-
ond Edition". (Eds.): Dioxion, J. B. and 
Weed, S. B. SSSA Pub., Madison,  Wiscon-
sin, pp. 279-330. 

9. Eswaran, H. and Zi-Tong G. 1991. Proper-
ties, Genesis, Classification and Distribution 
of Soils with Gypsum. In: Properties, Char-
acteristics, and Genesis of Carbonate, Gyp-
sum, and Silica Accumulations in Soils. 
(Eds.): Nettleton, W. D. et al. SSSA Spec. 
Pub. No. 26, Madison. pp. 89-119. 

10. FAO, 1990. Management of Gypsiferous 
Soils. Soils Bulletin No. 62. FAO, Rome. 

11. FAO, ISSS, ISRIC, 1994. World Reference 
Base for Soils Resources. Rome. Wagenin-
gen. 161 pages. 

12. FAO- UNESCO, 1974. Soil Map of the 
World, V.I., Legend. Paris. 59 pages. 

13. FAO- UNESCO, 1988. Soil Map of the 
World, V.I., Revised Legend. World Soil Re-
sources Report No. 60. Rome. 118 pages. 

14. FAO, ISSS, ISRIC, 1998. World Reference 
Base for Soils Resources. World Soil Re-
source Report No. 84. Rome, 91 pages. 

15. Herrero J., Porta J. and Federoff N. 1992. 
Hypergypsic Soil Micromorphology and 
Landscape Relationships in Northern Spain. 
SSSA J., 56: 1188-1194. 

16. Hess, P. R. 1976. Short Communication, 
Particle Size Distribution in Gypsic Soils. 
Plant. Soil., 44: 241-247. 

17. Ilaiwi, M., and Eswaran H. 1993. Improved 
Structure of the Order of Aridisols of Soil 
Taxonomy, In: "Proceedings of the WCMDS 
August 20-29", (Ed.) Institute of Soil Science 
and Xinjiang Institute of Biology, Pedology 
& Desert Research Academia Sinica. pp. 
410-417. 

18. ISWRI, 2001. Characteristics of Reference 
Soils of Iran. In press. 

19. ISWRI, 1988. Handbook for Soil Survey and 
Profile Description. Tech. Pub. No. 758. 
Iran. 

20. Karimi, M., 1987. Climate of Central Iran. 
Isfahan University of Technology. (In Per-
sian) Isfahan, Islamic Republic of Iran. 

21. Khademi, H., Mermut A. R. and Krouse, H. 
R., 1997. Sulfur Isotope Geochemistry of 
Gypsiferous Arid Soils from Central Iran. 
Geoderma., 80: 195-209. 

22. Krinsley, D. B., 1970. A Geomorphological 
and Paleoclimatological Study of the Playas 
of Iran. Geological survey, United States 

Department of Interior. Washington D. C. 
487 pages. 

23. Lagerwerff, J. V., Akin, G. W. and Moses, S. 
W., 1965. Detection and Determination of 
Gypsum in Soils. SSSA Proc: 535-540. 

24. Mahmudi, S. 1998. Characteristics and Man-
agement of Gypsiferous Soils. Technical and 
Research Journal of Soil and Water Research 
Institute, Vol.12, No. 3. Ministry of Agricul-
ture, Agricultural research, Education and 
Extension Organization, Special Issue. 

25. Murphy, C. P. 1986. Thin Section Prepara-
tion of Soils and Sediments. AB Academic 
Publishers. Great Britain. 

26. Nelson, R. E. 1982. Carbonates and Gyp-
sum, In: "Methods of Soil Analysis, Part 2, 
Chemical and Microbiological Properties", 
(Eds.) Page et al. Agronomy Monograph 
No.9, 2nd Ed. pp. 181-198. 

27. Nelson, R. E., Klameth L. C. and Nettleton, 
W. D., 1978. Determining Soil Gypsum 
Content and Expressing Properties of Gyp-
siferous Soils. SSSA J. 42: 659-661. 

28. Polemio, M. and Rhodes, J. D. 1977. Deter-
mining Cation Exchange Capacity: A New 
Procedure for Calcareous and Gypsiferous 
Soils. SSSA J. 41: 524-528. 

29. Porta, J. and Herrero, J. 1988. Micromor-
phology and Genesis of Soils Enriched with 
Gypsum, In: "Soil micromorpholgy. A Basic 
and Applied Science. Proceedings of the 
VIII. Int. Working Meeting of Soils Micro-
morphology". (Ed.) Lowell, A. D. San Anto-
nio, Texas. Elsevier Pub. Amsterdam. pp. 
321-339. 

30. Soil Survey Staff, 1990. Keys to Soil Taxon-
omy. SMSS Technical Monograph No. 19, 
Fourth Ed. Virginia polytechnic Institute and 
State University, Blacksburg. 422 pages. 

31. Soil Survey Staff, 1994. Keys to Soil Taxon-
omy, Sixth Ed. USDA, Soil Conservation 
Service. 305 pages. 

32. Soil Survey Staff, 1996. Keys to Soil Taxon-
omy, Seventh Ed. USDA, National Re-
sources Conservation Service. 326 pages. 

33. Soil Survey Staff, 1999. Soil Taxonomy: A 
Basic System of Soil Classification for Mak-
ing and Interpreting Soil Surveys, USDA 
Handbook No. 436, 2nd ed. US Gov. Printing 
Office, Washington D.C. 870 pages. 

34. Stoops, G. and Ilaiwi, M. 1981. Gypsum in 
Arid Soils. Morphology and Genesis. In: 
"Proc. Inter. soil classification workshop". 
(Eds.) Beinroth F. H. and Osman A. 14-23 
Apr. 1980. Arab Center for the Studies of 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
03

.5
.1

.6
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
8-

01
 ]

 

                            14 / 16

https://dorl.net/dor/20.1001.1.16807073.2003.5.1.6.3
https://jast.modares.ac.ir/article-23-10104-en.html


Gypsiferous Soil Classification ________________________________________________  

65 

Arid Zone and dry Lands, Damascus, Syria. 
pp. 175-185. 

35. Toomanian, N. 1995. Origin of Gypsum and 
Evolution of Gypsiferous Soils in Northwest 
Area of Isfahan. Msc. thesis, Isfahan Univer-
sity of Technology. Isfahan, Islamic Repub-
lic of Iran. 219 pages. 

36. Toomanian, N., Jalalian, A. and Zolanvar, A.  
1999. Geologic Sources of Gypsum in Soils 
Northwest of Isfahan. J. Agr. Sci. Nat. Res. 
(In Persian) University of Technology. Isfa-
han, Islamic Republic of Iran. pp. 25-40. 

37. Toomanian, N., Jalalian, A. and Eghbal, M. 
K.  2001. Genesis of Gypsum Enriched Soils 
in Northwest Isfahan, Iran. Geoderma, 99: 
199-224. 

38. Watson, A., 1983. Gypsum Crust. In: 
"Chemical Sediments and Geomorphology: 
Precipitates and Residua in the Near Surface 
Environment". (Eds.) Goudie A. S. and Pye, 
K. Academic Press. Inc., London. pp. 133-
161. 

39. Watson, A., 1988. Desert Gypsum Crust as 
Paleoenvironmental Indicators: A Mi-
cropetrographic Study of Crusts from South-
ern Tunisia and the Central Namib Desert. J. 
Arid Envir., 15: 19-42. 

40. Wright, H. E., Jr., 1961. Pleistocene Glacia-
tion in Kurdistan. Eiszeitalter und Gegen-
wart., 12: 131-164. 

 

بندي خاكهاي گچي   و رده بندي  آمريكائي در طبقه) FAO) WRBبكارگيري روشهاي 
  شمال غربي اصفهان

كريميان اقبال.جلاليان ، م.  تومانيان ، ا.ن  

  چكيده

مطالعات كمي در ارتباط با ژنـز و        . شوند خاكهاي گچي در مناطق خشك و نيمه خشك ايران ديده مي          
خاكهــاي گچــي در اراضــي اســتان اصــفهان در واحــدهاي  . شــده اســتبنــدي اينگونــه خاكهــا انجــام  رده

منـشاء گـچ درايـن اراضـي بـه انحـاء مختلـف بـه مـواد مـادري بـر                      . ژئومرفولوژي متفاوتي تشكيل شده اند    
بحثهـاي  . شـود  گردد و ژنز خاكهاي گچي منطقه نيز توسط پروسه هاي مختلف گچي شـدن انجـام مـي                  مي

هـدف  . ل خاكهاي گچي منطقه توسط نگارنده قبلا ارائه گشته اسـت          منشاء گچ و چگونگي تكوين و تكام      
بندي كردن خاكهاي گچي تشكيل شده در واحدهاي ژئومرفولوژيك مختلف منطقه            از مطالعه حاضر طبقه   

در اين مطالعه منطقه شمالي حوزه آبريز رودخانه زاينده رود كه نماينـده       . باشد شمال غربي شهر اصفهان مي    
ي خشك استان اصفهان است انتخاب شد و پانزده  پروفيل از كـوه جعفرآبـاد تـا دشـت                    خوبي از كل اراض   

بنـدي   بـراي طبقـه  . در واحدهاي مختلف ژئومرفيك حفر و مورد مطالعه قرار گرفتند   اي وسط حوزه و    دامنه
و روش بـين المللـي      ) 1990 و   1994،  1996،  1998،  1999(كردن خاكها از تاكـسونومي خاكهـاي امريكـا          

در . اسـت اسـتفاده شـد     ) 1988،1974 (FAOكه ادامـه روش     )  WRB،  1994،  1998(ع خاكهاي جهان    مناب
بندي اين خاكها، نامگذاري افقهاي گچي بر اساس ميزان گچ آنها، عمق و ضخامت افقهـاي گچـي و                     طبقه

سطح اراضي مـورد مطالعـه شـامل سـطوح     . ديگر خصوصيات اين خاكها مورد توجه دقيق قرار گرفته است     
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ودشـت  ) كواترنري(ژئومرفيكي از قبيل آبرفتهاي درشت دانه بادبزني شكل،  آبرفتهاي درشت دانه قديمي              
 داراي افـق    "با توجه به مواد مادري اين خاكها و منشاء گچها، خاكهاي حاصـل عمومـا              . اي بوده است   دامنه

ن خاكهـا را نداشـت       توان تفكيك كامل اي ـ    1994بندي آمريكائي تاسال     روش طبقه . گچي و آهكي هستند   
 موجب بهبودي قابل توجهي در اين روش براي در نظر گـرفتن خـصوصيات      1994ولي توسعه مناسب سال     

) 1999( وروش جـامع آن   ) 1996،1998سالهاي(ولي كليدهاي جديد تر از آن     . بيشتري از خاكها شده است    
و ) 1974 ،   1988(هاي فـائو    سيـستم . بندي كردن اينگونه خاكهـا بهبـودي ايجـاد نكـرده انـد             در كيفيت رده  

.  متواليا روشهاي خود را در طبقه بندي كردن خاكها بهبود بخشيده انـد              )WRB) 1998   ، 1994جانشين آن   
امكانات بيـشتري بـراي بكـارگيري مشخـصات كـاملتري از خاكهـا را پـيش آورده                  ) WRB) 1998سيستم  
  .بندي نموده است طبقهاين سيستم خاكهاي مورد مطالعه را با كارآئي بالاتري . است
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