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Figure 1. The location of the study area in Iran and West Azerbaijan and the position of the studied soil
profiles in the north west of Urmia lake. Profiles 1, 2, 3, 4, 6 and 7 have been located in saline- sodic lands and
profiles 5 and 8 have been located in nonsaline- sodic lands.
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Table 1. Selected physical and morphological properties of some of studied profiles.

() &3 3 35

R TRE (k) K5 o Particle size (%) * ol S il
. . . - Depth .
Field observations Color (moist) ) -l o Structure (cm) Horizon
Clay Silt Sand
Profile 1: Fine, mixed, active, mesic, Typic Natrixralfs
(N: 37°25'57.25"; E: 45°16' 27.09"; Elevation: 1274.67 m)
- 10YR 4/3 0.23 18.3 39.7 42 2mpl 16-0 A
Clay coatings 10YR 5/4 0.32 26.7 47.5 25.8 2m abk 30-16 Btnl
Clay coatings 10YR 4/4 0.32 45 395 155 MY 5535 Bm2
1,2m cpr
Clay coatings 10YR 5/4 036 484 423 93 BPMOPT  gy50 B3
2m pr,cpr
Clay coatings 10YR 5/4 0.31 36.3 474 16.3 3,2m cpr 105-80 Btn4
- 10YR 6/3 0.19 20.7 323 47 ma 130-105 C
Profile 2: Fine, mixed, semiactive, mesic, Typic Natrixerolls
(N:37°27'33.28"; E: 45°15'27.08"; Elevation: 1275.59 m)
- 10YR 3/3 0.21 41.5 26.8 31.4 1fgr 20-0 A
Clay coatings 10YR 5/3 0.29 45.5 29.7 24.8 3,m,c abk 35-20 Btn
Clay coatings, Nodules 3,m,c cpr
of calcium carbonate 10YR 5/3 0.41 55 22.3 22.7 2m pr 56-35 Btknl
Clay coatings, Nodules 2,1c cpr
of calcium carbonate 10YR 5/4 0.38 43.6 32.6 23.8 1,2m cpr 83-56 Btkn2
- 10YR 6/2 0.18 32.8 51.7 15.5 ma 155-83 C
Profile 4: Very fine, mixed, semiactive, mesic, Calcic Aquisalids
(N:37°30'10.72"; E: 45°14' 58.87"; Elevation: 1273.45 m)
Salt accumulations 10YR 5/3 0.22 25.6 27.3 47.1 3c abk 28-0 Az
Clay coatings, Nodules 3e.m cpr
of calcium carbonate, 10YR 6/4 046 672 18 14.8 PMEPT 4398 Btknzl
. 2,m cpr
Salt accumulations
Clay coatings, Nodules 3c,m cpr
of calcium carbonate, 10YR 7/3 0.42 59.2 19.6 21.2 1,2m,c 61-43 Btknz2
Salt accumulations cpr Ilm pr
Clay coatings 10YR 6/4 0.31 54.3 24.5 21.2 1m cpr 80-61 Btng
Sandy sediments 10YR 7/2 0.20 18.3 7.7 74 sg 137-80 Cg
Profile 5: Fine, mixed, superactive, mesic, Typic Calcixerolls
(N:37°31'9.8"; E: 45°15' 56.96"; Elevation: 1274.22 m)
- 10YR 3/3 0.23 41 39 20 2m gr 22-0 A
- 10YR 5/4 0.26 45 33 22 3,2m abk 30-22 Bw
Nodules of calcium 10YR 6/4 0.26 35 31 34 32mabk  53-30 Bk
carbonate
10YR 7/3 0.17 20 40 40 ma 147-53 C

05 o s o felte aileds sl (YY) ol alitS bt a1 (b e
* Abbriviations have been adopted from Soil Survey Staff (2012). fc/te: the ratio of fine clat to total caly.
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Figure 2. A) the diagram of mean weight of clay content in some of studied soils. B) and C) diagrams of
distribution of clay with depth in profile 1 (saline-sodic) and profile 5 (nonsaline-sodic) respectively.
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Table 2. Selected chemical properties of some of studied soils.

Jals LB slag 5518

ESP SAR Exchangeable Cations CEC CCE EC pH OC Rt oz

(%) (meq/)*’ (cmol /kg) (cmol'kg) (%)  (dS/m) (se) (%)  Horizon Profile
Na K Mg Ca

845 6332 151 094 12 18 17.88 18.38 1488 842 0.3l A

89.7 13884 183 055 14 24 2041 2246 2592 938 0.3 Bl

885 6057 205 059 16 23 2316 1889 1036 952 0.04 B2

912 4685 221 029 13 24 2424 1634 845 906 004 B3 1

663 4278 145 05 18 52 2186 1889 727 845 004  Btnd

61.1 3058 97 027 27 34 15.88 1787 727 82 0.04 ¢

14.8 2.55 39 18 78 123 2641 3266 113 84 125 A

18.9 7.10 48 109 62 125 2541 296 192 907 080  Btn

328 1198 85 0.64 78 9.6 2588 3317 451 876 031  Btknl 2

402 1258 9.1 031 51 84 2264 3521 661 871 026 Btkn2

16.3 5.65 33024 64 120 2024 1787 147 873 0.2 ¢

606 3358 133 088 29 491 2188 2093 41.02 846 053 Az

819 4200 225 181 260 474 2748 2399 5511 884 044 Btknzl

745 4181 217 151 205 55 29.06 1889 4576 876 022 Btknz2 4

827 4378 217 151 187 4.1l 2624 2501 4348 873 0.7  Btng

633 3440 92 045 220 442 14.53 1022 26.09 8.54 0.09 Cg

9.1 4.53 17 154 686 105 19.12 178 139 787 152 A

9.6 1.85 22 132 761 108  23.06 25 070 743 047  Bw

10.4 1.55 20 114 677 118 19.47 448 068  7.65 025 Bk i

10.3 1.68 17 151 518 938 16.11 27 069 814 0.8 ¢
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Figure 3. A and B, the diagrams of mean weight of organic carbon and calcium carbonate equivalent in some

of the studied soils, respectively.

Sl S ek il (S doles eSOl S
Loos s Db andlle 5550 lasls Joles
A dsb 3 sk sl e dSly S ccnl 2525
Sl (Y Jd) sl Ol Sl oS S
Jsb 53 dolee dSSI S gt 5 oS
53 ST el ol 51 6 Ol | ag St
JUzl 5 IVl e (63585 slac] b o J et
Oind L@ 4 b ol Sl sl S
BSOS Sl p Y 5 K
F bl Sl s bl 4 e el
5 adlate e o ol Sl K b
S o dedor e slme Sal bl 5l &S
Jom il (pl 4wl S Ol (g palie 3 g ol e
S aghe ol el Gl s s 5 03 sel
DNl U3 o5 e Sl mpedS iy 5 S2lS
5 oedd Ol (Sl odd Jime Glasl a4 5 asl

Yy

ST D ST I E e

el s pe Chews (ol ol Els b 8
S e A SR (B me
53 IS olie 5 e o 53 5 Bl il
e Ol conl ply ol 4Bl o &SI
Jolse L Ospimde 5 Gosd 5 AS Ry
s S ol s T S S ol
WL 5 s 5 (YY) 0 5 250 .03 S
uﬂ S bl 5o elie sl 2158 50 (Ye)Y)
) Wles S 6l S s of ol uss
S0 57 slag St b gl (pl nesdle
Bl i amn A3l 2V s T S (s e
Olsle Ky b 5l S o3 ol sl oY
e &S A3l Lls L (Y ¥ 08 5 Culis
033 S e g Jlo 035 3 LS pl (uves,) &

ol



(silo plped 9 ot 12

AL Lol 33 35 e Ao e U :\)'T 9 ook
Colda onS pade =)t lag S s s
oo bs o3y St e el s S
sy oo (Y dhr) s e Ol alS
5 S s e S Sl 6 el S
Sl s S B i 6 oSl oas Gl
Al S JBg gla s s S el
Oes 5 ol (Yo OLKes 5 ai b
5] (T Oen 5 SleglS (Yeed)
s boalaly 5o 50 (Y0V0) bl 5 IS
Llails elia sla i)l s S Sl eyl
g s K b Lame (YA Y O 0
5 (V) OLer 5wt b e L Jal 2
S35l 3l (S (T ) OLSGn 5 05800
sl s Ods s3T5 gl slse 53 35250 sla S8
il St Jyloee 4 WOT 35,5 5 LOT L5 34 40
bl G el s e L LOY 00
S S sl ) S cylan VL olis
Semse S S Sailes S5 o (87 O
ol S a1l Jele (gosle slge o
S alie Sl Lyl s« ar 5 L oy LS
e R R e NESEC NP8
Conds ol S s A saalie g Sl
RS L5L«>4'CJSl>'-) SR 6“'@5"‘ B
4ol by a5 e el as gl axl s Hsls (8
Sl S sk il 53 YWEC Jals 545 Jloz
5 sweind ol s 4 el O s (8 0
Blae 5 i < G spmo mmen
o Sy GG b sl 53 Sl g 5 S
2 5 (1) OLKes 5 25856 Ak e sl

OY) Wles S 2181, elia

¥y

S s ek 4 gy ol wbl s S
05 Sl S s L:s'CJSB- Jsb 5o vf“‘s““;
LSk dslre qodS Ol S S35 (xKle b-Y IS
el sl e3ls OLE 0 5 Y ) slag Sbr s
SR 358 e edaline BT IS8 s S sbokea
Glp S e ol Sy S S5 Sl
BRI G L e
Slag Sbt plas S epl 4 a5 b ABL o gosd
OLSG k 5 g 5 nle slge addllas )5
3Lyl a4y ils glie 50 5 w8l 5 (FF)
YO Glag SB) el s Sal rals fale
oS cpl 53 350 el 3L5 Sl p3lis (£
Closgas A s Olspede s ey
s 2l s 4 Of el en ool s el
Sldie 4 S D5 8w U8 e e 53
A s sba ST e b e L2l 5 okl
s 5 21 glawsl b ol cpl b e
Slsman 50 (V) 0) Ol 5 bl 5 (YorY)

4 A) 55l
dles Sad laie 5 S K cylaa
A () sl sy il il
3l by e 00/NVdS/m s ol ;s EC Sluas
S 5 (e =5 21D & & S Btknzl
0 S A il 4 bys v/ WAS/mM O s
ESE 2 Wil (e b o5 5D
Colda CoaS (il b gesdow — s a5 0 o les
Slasl 53 5 035 oS mbw laGil 53 Sl
Sl o SKas el ol (Y ) b e il
o O Juml 5 e glagl 5l S i
Jle 5l s (sl ekd B cp n3 e
oSan 331 pmy £ Sl Blesl 53 EC 33l

Slan 53 sgmge sla IS Saile 5l sl el



IYA0 (1) 0k (1) s jlasly s 5 S S ppto g i

Ol soor! 3V (Y Jodr) 550 53 56de oo
sdos Lo, SU 5l (SO ey SueS 4S8 sl Ol
s 3,50 slaSls CEC ol oxs 13856
(o eSS el Bk Sl e
5k S et 58 S ) gla S
5 Ml bl g gl il el
sl s wlSaul Gla S5 luis pioen
S Aok e XD lag S e -5
(O & S1) o b =55 8 & S1 53 Ol
S 5 e cuS Olg e smopl 3l Asl e
s =3 S 5 (65 i CEC 555
ST SR P ECHR R
o () bS5 ol 5 il e (kS
o3be e 4y 5558 Jal b b oS Wiles 5ad 0L

J)\b Lf<:““” W) dudts C).: 9 S &:»3L’ ‘L;T

Gzt @l bl S el dols o b
53 adlae 3,5 laSs CEC (Y Jsds) sl
ol bl sl D13 sk B b e i
Sie b sl Sl LU sl s 55018
e b.bsa-t K8 sl ol sl 5 ey
Gl oys a0 5 Y lag ST Jpdsr w4
e JT S e S bl e
0 s s s 50 1, CEC s o 5 A
S oS e 530S Glls S 8 5 ) slag S
53 55 CEC Jlais o 508 bz <o 33 o
Al 3 s o odalie La'C)SLﬁ- ol e 8
el ol JU S adlas 5,50 slag S5 5o
ol 035 138 5 _sdaw glasl CEC |, Lotas
Olps s p 2550 S S plad 53 (B b 3
Sl sl ey Ao Rl L s CEC

(YY) — s d.,éb\ BN C;U 6LA'C)SL>'- 03 el el s
(¢) (b) (a)
30 Clay(%), CEC (cmol,, /kg) Clay(%), CEC (cmol,, /kg)
e 2339 - 5 25 40 55
R PPET I JN  TH S . ‘ .
= 20 g g 25
g < 50 = 50
3 10 & - Clay (%) as
gl < 100 i <100 -
PI P2 P4 Ps mﬂl’_ Profile 5 g :i:; Profile1 *C
25
Profile no. :

a5t S 0 5 (erdu =53 SV slg S 3 S Gas LCEC 5 oy Sl 5l 08 ot (0 5 I —§ S

asdlas 5 40 61.«@5& 51 @slaws 43 CEC 55 opile s god (C (o b

Figure 4. A and B, the diagrams of distribution of clay and CEC with depth in profiles 1 (saline- sodic) and
5 (nonsaline- sodic) respectively, C) the diagram of mean weight of CEC in some of studied soils.
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Abstract

Background and Objectives: Salinization and solonization are of common processes in the soils of arid
and semiarid regions and are serious problems in agricultural development and sustainable use and
management of soil and water resources. Nowadays, these processes are extremely active in lands around
Urmia Lake and the most of agricultural and horticultural lands around Urmia Lake have been destructed
due to these processes and as a result excluded from crop production cycle. In this study physical,
chemical and mineralogical properties and classification of six soil profiles in the lands affected by Urmia
Lake and two profiles in the lands which unaffected by Urmia Lake were investigated.

Materials and Methods: The study area has been located at the east of Urmia city. Mean annual
precipitation and mean annual temperature of this area are 345 mm and 10.83 °C, respectively and the soil
moisture and soil temperature regims of this area are Dry Xeric and Mesic, respectively. In order to
perform this investigation, the position of six soil profiles in saline-sodic soils in the west of Urmia Lake
were determined in which nearly all of saline-sodic soils of this area were included. In order to control the
effect of management and land use, all of soil profiles were dug in non agricultural lands. Additionally,
two soil profiles in nonsaline-nonsodic soils which had the same conditions as saline-sodic soils were
studied as representative profiles. Soil sampling was done from all of characteristic horizons and the
physico-chemical properties of soils were determined using standard methods and soils were classified
according to the last version of soil taxonomy. In order to perform mineralogical studies, pure clay
samples were studied using SHIMADUZ XRD 600 diffractometer with 0.4 second time delay in
20 angels between 2-30 degree, using beam source of Cuka with 30kv voltage and 30 mili ampere.
Results: The results of this study revealed that the soils around Urmia Lake have been extremely
salinized and alkalized and their physico-chemical and mineralogical properties were greatly different in
comparison with the soils that have not been affected (or less affected) by Urmia Lake. According to the
results, saline-sodic soils had higher clay content, electrical conductivity, cation exchange capacity,
exchangeable sodium and soil evolution, whereas, the content of organic carbon and calcium carbonate
equivalent were higher in nonsaline-nonsodic soils. Clay mineralogical investigations revealed that the
clay minerals in both groups of saline-sodic and nonsaline-nonsodic soils were mainly smectite, illite,
kaolinite, chlorite, vermiculite, hydroxy interlayered vermiculite, mixed layered minerals and quartz. The
origin of illite, kaolinite, chlorite and hydroxy interlayered vermiculite were related to inheritance from
parent material, while the origin of vermiculite were related to transformation of illite and smectites.
Regarding to the presence of suitable condition for neoformation of smectite in saline-sodic soils such as
alkaline pH, high amounts of soluble salts and poor drinage conditions, it seems that the neoformation is
the main mechanism for the formation of smectites in saline-sodic soils. The saline-sodic soils contain
more smectite than nonsaline-nonsodic soils and it is likely that the formation of smectite via
neoformation is the main cause of high amounts of smectite in studied saline-sodic soils.

Conclusion: Salinization and solonization which have been resulted from Urmia Lake, have caused
mineralogical changes in soils around Urmia Lake and presence of more smectite in saline-sodic soils.
Differences in morphological and physico-chemical properties of studied soils have lead to extreme
variety in their classification, in which these soils were classified in three orders (Alfisols, Mollisols and
Aridisols in saline-sodic soils and Mollisols in nonsaline- sodic soils), three suborders, four great groups
and four subgroups.
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