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Figure 1- Geomorphic surfaceand location of representative pedons in thestudy area
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Table 1- Some physiochemical properties of representative pedonsanditsclassification

. -y s e - S OlgyS JewS @bn Camd Sl Codybs
&l Dopth Gy St Sand L’(‘:;‘T :on (EC8 z Jalze sk g o
Horizon (é'?n) (%%y (D}u) (ao/s ?%\)/e Texture p (dSm' ) yg/f)um CCE SocC SAR CEC
) (%) (cmol'kg™)
14,k ¢ s5Pedon 1: Fine loamy, mixed, superactive, thermic, Xeric Haplocalsids
A 0-35 19 34 47 5 SL 7.7 2.9 - 14.6 0.23 6.3 25.2
Bk 35-80 20 36 44 8 SL 7.8 3.1 - 20.8 0.18 6.6 16.5
2Ch 80-110 13 38 49 65 LS 7.6 1.3 - 22.0 0.09 5.7 111
3%tk 110-150 40 252 39 5 SL 7.7 2.2 - 25.2 0.11 45 13.2
2 )3 ¢ S1-Pedon 2: Coarse loamy, mixed, superactive, thermic, XerricTorrifluvents
A 0-30 17 31 52 10 L 7.6 1.3 - 14.2 0.21 4.9 17.9
2C 30-70 10 29 61 60 LS 7.9 2.2 - 18.0 0.09 5.6 8.5
3%tk 70-100 19 24 57 30 SiL 7.8 1.9 - 19.4 0.08 5.4 12.4
4Cb 100-150 10 19 71 70 LS 7.7 1.1 - 16.2 0.09 6.4 8.5
35 )ls #,56 Pedon 3: Coarse loamy, mixed, superactive, thermic, Xeric Haplocambids
A 0-35 22 29 49 10 L 7.9 3.1 - 18.7 0.73 5.9 25.3
Bw 35-75 24 33 43 5 L 7.8 2.9 - 16.5 0.59 6.1 12.4
C 75-150 23 29 48 10 SL 7.8 2.5 - 15.3 0.45 5.6 17.9
4 o)l ¢ S15Pedon 4: Fine loamy, mixed, superactive,thermic, Xeric Haplocambids
A 030 17 4w 43 - 5% 80 43 i 15.6 0.40 9.1 8.5
Bwil 30-70 19 32 49 5 SCL 8.1 3.4 - 14.1 0.13 8.8 15.1
Bw2 70-150 21 34 48 - SCL 8.0 2.7 - 14.6 0.11 7.7 16.5
5 sl #,51= Pedon 5: Coarse loamy, mixed, superactive, thermic, Xeric Haplogypsids
A 0-30 11 40 49 10 SL 7.8 3.1 2.5 16.3 0.19 10.5 6.51
By 30-80 13 42 45 5 SiL 7.6 4.3 6.4 19.3 0.17 9.9 9.8
C 80-150 14 36 50 20 SL 7.9 3.5 2.2 20.5 0.21 8.5 5.4
6 0,5 & S-Pedon 6: Coarse loamy Over Sandy Skeletal, mixed, superactive, thermic, XerricTorrifluvents
A 0-20 10 22 68 70 LS 7.8 2.3 - 16.0 0.12 12.4 8.5
C 20-150 8 14 78 85 S 7.8 3.4 - 11.9 0.06 8.9 3.5
7 o)l ¢ 515 Pedon 7: Coarse loamy, mixed, superactive, thermic, Xeric Haplocalsids
A 0-40 21 41 38 - sCL 7.7 3.4 - 17.0 0.36 12.7 25.3
Bk 40-90 17 39 44 - SL 7.8 4.3 - 23.6 0.19 8.5 12.6
Bw 90-150 11 40 49 - SL 7.5 5.5 - 18.7 0.11 3.8 9.2
8 o,les ¢ S5 Pedon 8: Fine loamy, mixed, superactive, thermic, Xeric Haplocalsids
A 0-35 19 35 46 - L 8.2 0.9 - 23.0 0.41 11.2 25.3
Bkl 35-55 20 40 40 - L 7.9 2.9 - 22.2 0.37 12.9 19.8
Bk2 55-80 21 32 47 - SL 7.8 3.6 - 24.9 0.21 12.3 141
C 80-150 22 37 41 - L 7.7 4.8 - 25.1 0.17 11.5 9.8
95,3 #,S1-Pedon 9: Fine, mixed, superactive, thermic, Xeric Haplocalsids
A 0-30 23 34 43 - SL 7.7 5.9 - 14.9 0.27 10.3 24.3
Bk 30-60 25 36 39 - CL 7.8 4.7 - 21.6 0.43 11.4 31.8
Bw 60-110 26 37 37 - CL 7.9 2.6 - 14.2 0.14 10.6 19.2
C 110-150 22 36 42 - SL 7.7 2.6 - 13.1 0.23 12.3 17
10s,les ¢ ,S5Pedon 10: Fine Silty, mixed, superactive, thermic, Xeric Haplogypsids
A 0-35 15 48 37 - SL 7.8 8.5 3.5 17.1 0.25 12.2 15.1
By 35-65 17 54 29 - SI'_C 7.6 6.6 8.6 18.8 0.08 11.7 12.4
C 65-150 19 49 32 - L 7.7 5.7 6.1 18.0 0.11 12.2 16.5
11s,ks ¢ ssPedon 11: Fine loamy, mixed, active, thermic, Xeric Haplosalids
Az 0-30 21 43 36 - SiL 81 367 2.5 15.4 0.56 20.8 10.2
Bz1 30-70 21 42 37 - L 8.0 346 1.2 17.7 0.33 16.3 11
Bz2 70-150 22 43 35 - CL 79 312 0.6 18.2 0.10 13.1 9.6




2051 biwcms by andls S J5o5 g ki 3 (5599995909 ySaro ¢ suolids SIS 5l 5 319 axllao

e ol 30 S j 38 SO JuSis SB S S Tas 55l
3 by Sygo 4 38l opl 3 28 b oad O F S 3 a5 e
g cudyd Slgwy sl B o)loass 51 b oanlie oy S
33l 59y p yio 8l 20 Colsus a4 S8 ddaw 381 G (gl
P S slacilisy e )3 (15) ohlsSen 5 590,8 .cl C
&S x5 3810l Cubis 5 Ges  Cul oid LSS yols )l
ol 3l ygbse bulyd 10 &5 gexs 2 %> S S 518
Lol pil>
) ass g&d)’aé) @a_w $9) 9 98 ‘7 LSLQCISB
A BK 331 s ag S ool den g 25 1,8 (CFL) jou e
80 15 5 2l e el SLipsS g8 i b 8 £ 56
Ay o o3 2D i 395 Jade ySas 4 g yte Sl
Sygods 2 91 oo S L alie sl ol gl clacly,S
Col grloune &S wy 4aS 55 BK 38l 3959 .0l 0 p 5 (slaodgs
bwgs Fosbye 0)93 )3 S5 |y 381 (nl &S a3 oo (LS
Bk (sla -8l clpuiio ogin 50 Cawl ol 15930 )5 5le> ligu,
Uloads 485 yles Gliguwy lawes (glately cubs p> onds oSS
aiS Sodygeqss i g9 o 11 410 o5l slag S15.(24)
SomnelS 531 31 (531 o S5 ol 3 )b 1,3 (CT2) 4 (om)
sanlie 11 515 3Bz 58110 £ 515 3By 581 g cous
WIS (S35 ) (B )S5 )1E Jdda Sdjgegif e (9o
@ S5 (o) 2l oy aunl L (5 (S 85 (Sod
S 5350 (YU La i sy 5l o od)lg gMel g ol plaw
S99 Kgd o S 9 Sl sl 38l S5 el (Kidge
S 03, S oy polaw JSiS el cpdaw cpl p3 b Ml

L Llo s

58958 ,550 9 5500
P SEi9hn ke Sy A &5 9 Lacl)S () ges
1ojlocss ¢85 15 S5 glaiio anlllas .Canl aolllas 3,50 (slaSS
olyod & )y sla e 939 110-150 sec ;5 3Btkb 8l ;)
22 ) smd e ol |y S Sl sl Sy 5 (S
Aol ) g e odnliie il =2 S )3 45 455 o lon (il
ol )3 Slos slaggdl 4 JBgd slagdl I ey Jlinl <8 >
] 031> uM_wy I) &J"" ul)b <9y X% JQM.A dhw) sg.j .)99;
ol Lojlecis #5115 3Btkb 531 0 1y oyl ST cla Jgog
4 g ol 03,5 bl |, S atej oyl slassT a5 amd o
St 3150 45 (49) atzn Jsog9 S lo g5 51 Jih> o
039 o [ Saoolgm Laslys (58] oyl SCis oloj p> a8 il

$ 09 5 Lassts ol 3 (oSl colan cublB o) ascie
ol 03,8 |y ialS b 50158 ddlaie CuaBge 4y (S oS Cunl
ew Y S sl ol de )y 4 5oy oS
Ceouw 4 Mol (Kige 390 o s &5 conlaaY a5l i
Oyt bl L (Sad adS” jo i Sis sl S Lol YL
Job 3 SAR s adly e mades Qo Cond 5 (6555 Ol
2 i 395 515 EC asul & s (s 59y op

Sodygagss golaw 59y = i 2 9 Lojled slag S
939 . 3)b 3939 2oy 10 15 5l 0 K polie b (8 0] g,
uasuio B8l g Calate slaoj Siw lade b sy I o
90y el S LSl 5 (6 )lism) gl Jlg oniad LS
2 &S (SSed59095e 9 2l o dalyd bl 1 2515
SmadS =S lin )T 381 S s anlgd o b (gam sla o
S 5 33 3929 .l oyd o] S, 4S5l 3424 (3BtKD)
ool bl L‘J o9 Sy b odimdy L Sobs) 5 SauudlS
Bblio j ey b a8l by (g9 p o0 dd Sy 58]
038 ()35 oliml 38 Jlod 9 355 ¢S o Sid o g SiS
Sl T 531399 (ol St sblio ,5.(27 425 24) cul
lmoygy y3 Sis sblie )3 Ly gees ] b oamy o Lis
(29) cul Sk G0l Sl aoes > 5 LSS pagbye
obye glapldl @ |y loyS Ll Sols sl S
S b sl )3 (16 5 44) wlools capnd (635 0 )]
A s gy JolSS 381l 0yl d9mg BK 331 G 1 o les
o oo 400 Jolas o SlS 381 LS5 (gl .o,)b Btkb s8]
193) yols Jls (Su,b 4 495 b L(47) conl p3¥ aVlo S50
3 A0brs Sis azdiS pogbye (claoygs j3 BK 38l (i Lo
4 ang L aS 395 ei o3 BK 331 5 (512 o,lei S5
bl i) oo ) lai 4 (ol e s o &S (S5 )90
ool 4y o 5l Gialeyd lawgy (odaw

.‘09)_‘590 ]a_wls o ‘_gaél)l $9) 2 454 93 o)Lo.A:'s dllbc)fb
Gl b S las 5 sy S8 ) taS Cad b oy 4dS 5 4SSl
4 #5515 g aSél byye Soo5 3 51 andl o (BW) SieS
Jacie d #8515 a3 E LS Gl as o)l 8wy 4 Sonp
o=l 92 a8 e g iuliel i Hlude g yialS b g 05 i
i b aY 4Y Ojso 4y Slgwy 4 25K 3 0hga g S
glite Olyuss snind ylis o5 Wlaxd 3 L3 Snen g9y (asuie
ool (6530900 (sloo )93 3

oS JolS5 g wlod yis ity skl 96 9 5 o S



1395 wiil - yote 6 0 leis 30 als (S g T as s 2052

o (ogianly) B3 Cogboyo waldl 41y o 5 (2155 1 adlate
sl

) Shadiog ohen & 458 (OlyS cbJsdg 392
9 Gl S1LE OR9= L.g».r.))gl) 9 us).o dllb)zds.b [R5 ULM)
891 15 sl 2B o ety | arlBl 093 in &S il o ,Sily
L):w:y ) Lwgy Ja.w?) ¢l.lbul.u)§ LJ9'>9‘) 1 o)Lo..ﬁ c)§1> 3Btkb
sLaSLs 13 (26) yape g (oo3ls (W2 S) o o3l
sy 9 o) Sl yzdeiy S5 63850 ol 2 ly oladel
g ol bl s 3 oslss b 4 1) Sy by s s el S
g & Juiml (53) hlsen 53,8 i a3)S ol 2lse
oS id oaad LS 1) wy sladiwg g9y 0l slacls S
0,8 IS sam Jolpe 53wl (0

Acicukar gypsum

N TN AN

3 o5 g Ll s awST g la SIS 51 al s ol el g col
55 3BtKD 381 13 50,8 () Camw pol et Canl oas S dipe
e 5 & 5 Sl wile 5 gle g3l 1az) Y gane . Cal 05
35 e ©ogme by JUisl cole 3 5 Shoad Jite bioly S
slaa BBl > Sl ) 381 9y o 0ii ploul elisiss (32)
a5 Sl )T 381 )3 dg3g0 oy pdlie 45 Canl o3b LS FKis
Sulsn by (Ll g blus s 5 &Sl caes al b 1,5 s
sl sl i §) ool el a8 4l cas elage) b olyon b
Lylys 3 (21 5 7) canl ond JuSis (poliil g blasl 1,5 ond
Ogmo Laclly S i )3 by JUSl g €8 o o (oiSa)
- Sl el S 8 35500 £l Jos ol (g 4 g 2,65 el
1 b, aihio  (14) o) Ken 5 y90,8 .(28) wsb onis ol;
ol () Slpdiogy 5 Sl slagdl LSt 65550 el

290 slacly S Jedg
Carbonate nodule

J3395 (0 L oo 516 3BHKD 381 )3 45 SO S Jgag5 5 oy ndps (A (XPL Clls 53 dod) 53U ablia glund -2 JSb
BY 391 )3 &5 JSb (Jjam IS (5 5 8 oleud 516 BK2 381 13 ol g oSl Jgags (g oL o,lead & 515 BK 381 3 a9 socoly 5
10 o)l g S5
Figure 2- Thin sections of a) Clay coating and carbobnates nodule in Btkhorizon, pedon 1, b) Carbobnates nodule in

Bkhorizon, pedon 1, c) Carbobnates nodule iron oxides in Bk2 horizon, pedon 8, d) Needle form of gypsum in By horizon,
pedon 10



2053 liwms by andls S Joo5 g ki 3 (5599995909 ySero ¢ suolids SIS 5l 5 19 axlllao

16/7 a4y oS85 b jlows Ly s bl 50 55 aSiy) Lo
S b cSonl oaimd L o8 blul ] .l oy pg 2l
o 5 poyinT 1005 )5 als 05 palls 3l e 25 slaY
S92y o 3Ly sy L b cuSand Sy 5 sl el
ndiged y> ol 39 ot yLis 35 5 41T T/1 1414 laadls
Sl g el slowi 33 pgyiaSSl 711 ald 4ol s 4 g
oS py Sl 23 als i Al o ol J 8 o JS i) o
SLS ol a2y 2 (530l el SIS 5,85 pow p3) 4 bgrye
S99 0dimd Gl vt gy w85l 0/4 4 l8 54 g0 5L e
9oy odmd s 2811 Sy el §8l ol 55 cuSnysll
G 5 gLl )l blise @50 4 Co )l g o
il s s cgles Jusay 45 5, dgng osd olwlis sla SIS
sl it Ll s jlo S8 90855 5 (5jLuS

col 3Btk 381 5| 5w o] il &S Jgl #,515 Bk 381 5
BW 53 5 o3 L) el 15,5 Ly inlS o 505
9 355503 oanlite CuSnysSlly 529 3l 531 A oles £ 51
a8l LS s s CaptSiam e clmald s 0 ol
il i o) lgie o ol S o (&3 U] col azsls
4 21) )b B ey )y iso p Kee Vaese il Sk
e (S Bl 5 50, 5 4SSl by s ;1 alols b U5 oysen
BK1 (sla 38l ;3 cundg ol S o I Lial3dl cunSan] (ooud
o O Xl 13wy asS a1 F S Bzl 4 8 £ S
4S gy nSSl B/4 als ool o i Ko 4y o CiSeomd]
BW 38l ;o0 Lo sl don ;0 «uSuw)ysSly jaulds odind LS
oSl 03b L5 daate Slalllae 395 o odlive 4 ojlais S5
Sg2) 9 Sl L33l )3 S )sSlly «Sizd gblie
dge comimen gd e JoSui SB ol I (LSS & g0 a
e sl Lt plsisas 55 pgw (hgd Sligs, 05294 5ol
aS WS o ol (25) gepe g so3l5 (33 25 24 22) wlows
Jo-loxe )3 MOICa s S § 9 S8 381 S5 o
CaSy oSl JoSui5 (el bonid s Ll g 08 o0 L ialS
jo Sid gblio jod S )3 SIS cpl S5 980 waly3
lagdl 3 eSSl join 4y a2g 1 (35) cul Jgore
Slgw) jpi> g adllas 350 clbSE Sl § S § «SudS
LasSs )3 CoSanyolill 41590 Lite Jlois] cdlaio 1 pgw ()93
oS Sl Y S o o st sl J byl g2
D9 ol (g (59 Sy S lalllas

-80 sae 13 BK 33 511 ojlas ¢S 55 S ablie adllas
sla g9 3939 95-80 ses ;5 BK2 331 518 o)loss £S5 4 35
@l g il 03,8 gluil 1) S aio; a5 dad o lis 1) Sly)S
2 52 JS2) asl e oanlie LB g5 o] > SB sy
aS (cad2 Jss) 3Btk 381 ,5 cloyS el Jod9 SMs 0 (2
5y0 BK 381 15 Sl )S sl Jgog5 )l S atoj b usly ye
W6 SB o b olais
10 o,les #,515 35-65 o 1 By 8l 5| 5L gadie axlllas
ssb 42 (572 ) amd o (L ) &5 UK (59 sloysh 352
5508 g SLE 5, bl b olped ey 3blio o 0L sloy IS
e 5 Sig &5 loysl S )3 JiS,8T Jelse o St
el s wingas ol (39) (bl 52Ul (14) 2l U
LSS S S el Sl ST oo
90922 dpdior & JSb e slaysh Ay carge (SYsb e
&5 3998909,5500 9 S3s8y909 S Lo 0 bt (14) o)lSen
g adlae | (lomiud) adlate )3 S8 9095) Cunbge b Sifey
Ousk 3 & 9 0 U hugle slacs Iy (25 <y slaciluy
O3 L 5 odndey ey o (S slaciany gl iy 4y

25,8

alish Sl
dgrgodind (Lt (Gl 5y il ol I ol gl
2 CaSy Sl g e gl o JS bl wuiSand sla S
S tbdas 5 S gblia .1l s adllas 3,50 didais
JedsS (09 9 ol Bl bl )l il ceaSn sl
ol (13) ohlsen ¢ 5,55 .27) wiwn cIle ) o SIS
2 3L (S8l Sl e gls g Sl e ccu)lS & S o
A J13)95 0 (655 o olpl Sts 3blie laSs
BIK 531 by ol g, 5y oo eE)
b a9y am e L ) A3 by e pdaw  Bly Sl £S5
ol ) G5 5 5,088 (6oL Hlade dgmg onimd Lt 33
35 S ol Jlade a5 (63,10 55 gl 5,065 4 bgspe 412 418
b 35leS obj jhde pl 0939 25 o odaliie cuilSS il 45 AL
F)leS 5l ool Hlade oS Cunl angi BB bl dg (G 4 dog
Al sl 0B 3y oy GBS 53 (Sujed Cogody M oy P
a3l o e 2929 om0 LS pg i e 5 Sl 10
g ol 21 cla SIS 4 byyye a5 35 392y pg Sl 144



3.12

1395 sl -yt B 0ylecis 30 wl> (S 5 T 4 i 2054

1001
oy
C

Lin (Caurtz)

= f & 8 B § & & §F 8 B E B

Lin (count)

g g MaEe
5 se i/ Mwww“%

2-Thet“a

By (391 (5 4 o,loxs &, BWL 331 (z1 8 )lowss &S5 BK (381 (0 L o,lowd ¢,S 3Btk 31 (il . pw, Wil il -3 S5
K (JoSulS bl g ogs juie b £l IMGE pogn juto b gLudl Mg 11 e &, BZL 381 (5 8 o,lows ¢S BK2 (381 (5 10 & lowss & 515
31,5 il a3 550 15 g ey b bl KT cpommsliy L glons!

Figure 3- X-Ray diffractograms of the clay fraction, a) 3Btkb horizon of pedon 1, b) Bk horizon of pedon 1, c) Bw; horizon of
pedon 4, d) By horizon of pedon 10, e) Bk, horizon of pedon 8, f) Bz, horizon of pedon 11

BbLie pys g Slagmoy s 3 el 035 IS5 35 ol Gblie e gl o 55 ol Sl S b
o8 Sy oSl clio byl bl s 4 ol s b Ll ol 53 g ol yio Lo 300 51 ye8 (Sl L g Sits
08Ty Suis bl )0 ol lawgi ofg 4y (S (pl aS 3l deng OHSar g (Do bwgi Sl e K> (gaw I Lol il o



2055 b by andls S Joo5 g ki 3 (5599995909 ySero ¢ suolids SIS 5l 5 19 axlllao

) ass » 6'919 Bz Lsﬁl 11 o)Lo.A:'J C;b ‘_,’_whwu_,lf @L)
D 205 3 sl a3 83 Bl S s J 5 ool S
|y Lol o daad slnl ol 51 bl Cagloy opma 33 cyth)S
0 ot ol 03305 s sl (sl 3 S5 sl
P sl glal S gyl lbl o oS, KL S e 4
OIS 655 ol 3 il (pies lawgi CondS gla3él
ol 53 Pyl 16/6 a5 o (43 525 16) el oais
el ol plo 4 Cows pyasT 10 4l 4 cus cudlss ol p
11 o)less &S odgiome 4 530y Sbguy JESH ol 0l yiii
2 CaiSamul Gilisl s Wlgh o )y HlE  Sed adS Ko oS
Al Syl

& 5 4o

B9 s eaad S S aS b i s ol o
5l iBn 50 a8 3)h 3939 4S8l by ySe 4D ysdde s yaods 3BLkD
B 81 Sy (bl a8 JlS5 by S S, 45 g en o
by seom oy aiS bawly do (slassly )3 .ol 85 )3 o] (g,
Bw 38l g BK 381 (sl jieS JolSS b slaSB oy 4iS ¢ 4S8l
331 Ll 50 g o o LS | S aiS o & L blons oS
S () S gy 4 yolme Cieuy )3 09 pasuds L6 BZ
g sl dgzg cilin JSKb a4 )] )3 28 45 39 BY mases 58l
5 Sob)] 383925 » (sl S blis > ) slaeuny
D9 S oy oaiad ol a9l sl S L L'j 0390 e
Oldigy oy Sddiwg lawgi oS el S sla Jsog5 0g LSS
0393 S0 oyl 5l e wgbope 090 S sy L Ll o3l
Sl LS cuSn)sSll g co )l bl ccuSonl coul Sis
2 3Btkb 58] jud ygbie Loy dddllas 3y50 S > LI
S o & e ol S8l by s > (Bl oY
G3l oml s e el dame (4518 g (G3LoSE 090
byl lalis a8l bgysee gy S 40 BK 33l cusl o
byl gl odims lis daled cpliojhy a8 cud b (g5l
oLt 35 ol Sl dalllae 3590 ddlaie )3 gy 9 (il
oo b adlllas 5,00 adlate S Jgou5 5 s dilite Lyl oimd
Dy olpl Sis sble

b ol 5500 5 3 Jlomd (sLacSs 53 1) o, gSlly Lo
2 .85003,8 by (g0le dlge jl oduwy &ylay 5 LSiSe 5l Sy
§ S ) o« SunlS” (gla 381 ) CopSan )5Sy 5 adllas 390 adlate
bl BB cpl LSiss j glalis Klgs oo a8 5l 2gn g Sl
oS 4 £S5 BW 581 )3 Sy oSy yoin pis & g
Al o) (6558 el S oyl j3 (s yole dlgo Lo oS i
il il 50 CuSuy sl alb jais pas a8 iy Gl o WL
Oher 5 (008 Cam G ol yol> pae p (> Sl 9
g pie Ly joas diadiges 4565 ol j0 4 Wby oL (24)
s 0l g (SerSl gSg e bl CaSn )5Sy
CaidlS wb (6)lade § Ko iy IS ccuiSon] gla SIS 0445 00l
g 4S8l by Loy 1o oy o8ly (BW 38) ooz ¢85
oiblS (SB cdl o iy 4 dees b i odsliie o uwy 4dS
Ol s 4 412 als Bls g 5,065 @ by e 33 al (> ey
G0l ol )0 cpiored D5 o odblbio ) GESu yD Bl S
po a1 ald 5l oS (ke (Bl et Cunnd oSSl
s C)lS (o8 e 3929 0aimd (LI Ol g ety jless
i o aog Lo 412 a8 4y i (-3 JS2) canl oo pute
Ui o)l> 3939 331 oyl y3 Ca)dS SIS bajlos a4l 1 1 9,56
Cowl sl 550 cadlaio S )3 b S pl gl (g3l lge
alor ;| couiSond S 55,5 by (38) jg03 9 lins (45 4 12)
wsiblie ) bl Jio b S 500 JSi yos 1 a8 cunl oo SIS
g g0 JuSil () Cunlio iSa; oS

)Hﬂsw)w@fﬁ‘Bydsllo D)Méﬁu)b
Lo cpomjte g oal Sl (8 ol 5)lsS sa SIS 0nd Bl
14 a5 0 Jlai (53 JSis) s samlive oSyl g ool
b o aw ol 5d e SIS ccuiSand SIS pg 2]

&ly (B2 38) 8 o,les 515 ) cub] wuiSonsl sla SIS
8l ol 53 (0m3 JS) 505 oaliie (g b oy 4 prdaw
10 clnals dgn g . o oS )oSIb osimd (Lis pg xSl 6/4 als
CuiSamul g c IS LSpo SIS 343 oximd Lis yiegil 142 4
@ Ol g peeliy Jlod 0 &S pgrsiie slog 3 14 4lB sy ool
Ho L cunSal 3939 oasimd L Klgi o ol pgyinss] 10
s Sk adllas b (19) e o Luo )5 il oL (slaY
Ay b SIS g5 a8 oy L 1eglSS ¢ oyylo o Sl Lite
9 Sl LS eyl 5 cuSlanl U cob] ccuiSon] S -y
Al e Sl g CuSun) oSy oS ke



1395 sl -yt B 0ylecis 30 wl> (S 5 T 4 pis 2056

4-
5-
6-

19-

20-
21-

22-

23-

24-

25-

26-

&l

Alionso P., Dorronsoro C., and Egido J.A. 2004. Carbonatation in paleosols formed on terraces of theTormen river
basin. Geoderma, 118:261-276.

Badia D., Martia C., Aznar J.A., and Leon J. 2013. Influence of slope and parent rock on soil genesis and
classification in semiarid mountainous environment. Geoderma, 193: 13-21.

Baghernejad M. 2000. Variation in soil clay minerals of semi-arid regions of Fars province, Iran.Iranan
Agricultural Research, 19: 165- 180.

Banaee M.H. 2000. Mapsoilmoisture and temperatureregimesin Iran. Soil and Water resarch institute. Tehran. Iran.
Behrouzi A. 1987. Feiz-Abad geology map, 1:100,000 scale.National Geological Organization of Iran.

Blank R.R., and Fosberg M.A. 1990. Micromorphology and classificatication of secondary calcium carbonate
accumulations that surround or occur on the underside of coarse fragments in Idaho (U.S.A.). In: Douglas (Ed.)
Soil Micromorphology: A basic and applied science.Developments in soil science 19. Elsevier.

Bonifacio E., Falsone G., Simonov G., Sokolova T., and Tolpeshta I. 2009. Pedogenic processes and clay
transformations in bisequal soils of the Southern Taiga zone.Geoderma, 149: 66-75.

Bouyoucos G.J. 1962. Hydrometer method improved for making particle size analysis of soils.Agronomy Journal,

54: 464-465.

Bouza P.J., Simon M., Aguilar J., Del Valle H., and Rostagno M. 2007. Fibrous- clay mineral formation and soil
evolution in Aridisols of northeastern Patagonia, Argentina. Geoderma, 139: 38-50.

Briere P.R. 2000. Playa, playa lake, sabkha: Proposed definitions for old terms. Journal of Arid Environment, 45:1-
7.

Canton Y., Sole-Benet A., and Lazaro R. 2003. Soil-geomorphology relations in gypsiferous materials of the
Teberans Desert (Almaria, SE Spain). Geoderma, 115: 193-222.

Chardot V., Echevarria G., Gury M., Massoura S., and Morel J.L. 2007.Nickel bioavailability in an ultramafic
toposequence in the Vosges Mountains (France). Plant and Soil,293:7-21.

Deckers J., Spaargaren O., and Nachtergaele F. 2001. Vertisols: genesis, properties and soils cape management for
sustainable development. In: J.K. Syers, FW.T. Penning de Vries and PhibionNyamudeza. The sustainable
management of Bertisols. CABIPublishing.

Farpoor M.H., Eghbal M.K., and Khademi H. 2003. Genesis and micromorphology of saline and
gypsiferousaridisols on different geomorphic surfaces in nough area, Rafsanjan. Journal of science and Technology
of Agriculture natural Resources. 7:71-93. (In Persian with English abstract).

Farpoor M.H., Khademi H., Eghbal M.K., and Kroeus H.R. 2004. Mode of gypsum in south eastern Iran soils as
revealed by isotopic composition of crystallization water.Geoderma, 121:233-242.

Farpoor M.H., and Irannejad M. 2013. Soil genesis and clay mineralogy on Aliabbas River Alluvial Fan, Kerman
Province. Arabian Journal of Geoscience, 6:921-928.

Francis M. L., Fey M.V., Prinsloo H.B., Ellis F., Mills A.J., and Medinski T.V. 2007. Soils of Namaqualand:
Compositions for aridity. Jurnal of Arid Environment, 70: 588-603.

Froghifar H. 2010. Evaluating the quality factors and their relationship to the evolution and diversity of soil by
geostatistics in Tabriz plain, Ph.D Thesis, Department of Soil Science, College of Agriculture, University of
Tabriz, 166P.

Garcia F.J.A., Martin M. M., and Galindo A.L. 2002. Clay mineralogy of the Tertiary sediments in the internal
subbetic of Maloga Province Spain: Implications for geodynamic evolution. Clay Miner, 36:615-620.

Gerrard J. 1992. Soil Geomorphology an Integration of Pedology and Geomorphology. Chapman & Hall.

Gunal H., and Ransom M.D. 2006. Genesis and micromorphology of loess-derived soils from central
Kansas.Catena, 65:222-236.

Hojati S., Khademi H., Faz Cano A., Ayoubi S., and Landi A. 2013. Factors affecting the occurrence of
palygorskite in central Iranian soils developed on Tertiary sediments. Pedosphere, 23: 359-371

Jackson M.L. 1975. Soil Chemical Analysis Advanced Course, UnivWis College of Agric., Dept. Soils, Madison,
WI. 894 pp.

Karimi A.R., Khademi H., and Jalalian A. 2008. Loess soils identify and distinguish from others oils in the
southern city of Mashhad. Journal of Scienceand Technology of Agriculture and Natural Resources, 12:185-201.(In
Persian with English abstract).

Khademi H., and Mermut A. R. 1998. Source of palygorskite gypsiferous Aridisols and associated sediments from
Central Iran. Clay minerals, 33:561-578.

Khormali F., and Abtahi A. 2003. Origin and distribution of clay minerals in calcareous arid and semiarid soils of
Fars Province, Southern Iran. Clay minerals, 38:511-527.

Khormali F., Abtahi A., Mahmoodi S., and Stoops G. 2003. Argillic horizon development in calcareous soils of
arid and semiarid regions of southern Iran.Catena, 53:273-301.



2057 b by andls LS Joo5 g yanki 3 (5599995909 ySero ¢ suolids SIS 5l 5 319 axlllao

28-

29-

30-

31-

32-

33-

34-

35-

36-

37-

38-

39-

40-

41-

42-

43

44-

45-

46-
47-

48-

49-

50-

51-

52-

Khormali F., Abtahi A., and Stoops G. 2006. Micromorphology of calcitic features in highly calcareous soils of
Fars, Province, Southern Iran. Geoderma, 132:31- 46.

Khresat S. A., and Qudah E.A. 2006. Formation and properties of aridic soils Azraq Basin in northeastern Jordan.
Journal of Arid Environment, 64:116-136.

Kittric J.A., and Hope E.W. 1963. A procedure for the particle size sepration of soil for X-ray dhffraction analysis.
Journal of Ameraica Soil Science Society, 96:312-325.

Krinsley D. B. 1970. A geomorphological and paleoclimatological study of the playas of Iran, Geological Survey
U.S. Department of Interior, Washington D.C, 486 pp.

Kuznetsova A., and Khokhlova O. 2015. Dynamic and genesis of calcic accumulation in soils and sediments of the
Argentiean Pampa. International Journal of sediment Research, 24: 110-124.

Lessovaia S., Dultz S., Polekhovsky Y., Krupskaya V., Vigasina M., and Melchakova L. 2012. Rock control of
pedogenic clay mineral formation in a shallow soil from serpentinousdunite in the Polar Urals, Russia.Applied Clay
Science, 64: 4-11.

Minasny B., McBratney A.B., and Salvador-Blanes S. 2008. Quantitative models for pedogenesis- A review.
Geoderma, 144:140-157.

Moazallahi M., and Farpoor M.H. 2012. Soil genesis and clay mineralogy along xeric-aridicclimotoposegence in
South Central Iran. Journal of Agriculture Science Technology, 14:683-696.

Nelson D.W., and Sommers L.E. 1982. Total Carbon, Organic matter.In: A.L. Page et al. (Ed.), Method of Soil
Analysis. Part 2. 2 nd ed., Agron. Monger.No. 9.ASA and SSSA. Madison, WI. 539-577.

Nelson R.E. 1982. Carbonate and Gypsum P. 181-196. In: A. L. Page et al. (Ed.), Method of Soil Analysis. Part 2.
2 nd ed., Agron. Monger.No. 9.ASA and SSSA. Madison, WI.

Neyestani M., and Farpoor M.H. 2014. Genesis, clay mineralogy and micromorphology of salin-gypsiferous soils
in Kheirabad playa, Sirjan. Research Journal of khoshkboom. 4: 65-78.

Owliaie H.R., Abtahi A., and Heck R.J. 2006. Pedogenesis and clay mineralogical investigation of soils formed on
gypsiferous and calcareous materias, ontransect southwestern Iran. Geoderma, 134: 62-81.

Page S.E., Wust R.A.J., Wriss D., Rieley J.0., Shotyk W., and Limins S. 2004. A Record of Late Pleistocene and
Holocene carbon accumulation and implication for past, present and future carbon dynamics. Journal of
Quarternary Science, 19: 625-635.

Peter M.J., Konen M.E., and Curry B.B. 2009. Pedogenesis of a catena of the Farmdale Sangamon geosol complex
in the north central united states. Palaeogeography, 282:119-132.

Sahebjam A. 2000. Study of reconancation of soil survey and classification of Feizabad plain in Khorasan
province. Soil and water institute. Tehran. Iran. (In Persian).

Salehi M.H., Khademi H., and Karimian Eghbal M. 2002. Genesis of clay minerals in soils from
ChaharMehalBakhtiari Province, Iran. Book of Abstracts of the Conference on Sustainable Use and Management
of Soils in Arid and Semiarid Region. September 2002. Cartagena, Spain.

Sanjari S., Farpoor M.H., Karimian Eghbal M., and Esfandiarpoor Borojeni I. 2011. Genesis, micromorphology
and clay mineralogy of soils located on different geomorphic surface in Jiroft area. Journalof Soil and Water
(Agricultural Science and Technology), 25: 411-425.

Sanjari S., and Boromand N. 2014. Study ofclay mineralogy of soils located on different geomorphic suarfaces in
Sardoeieh-Jiroft. Jornal of soil science, 28: 209-219.

Shaetzel R., and Anderson P. 2005. Soils genesis and geomorphology, Cambridge University Press, New York.
Shankar N., and Achyuthan H. 2007. Genesis of calcic and petrocalcic horizons from Combatore, Tamil Nadu:
Micromorphology and geochemical studies, Qauaternary International, 175, 140-154.

Soil Surwvey Staff. 2014. Soil Taxonomy: basic system of soil classification for making and interpreting soil
surveys. 12" ed., Washington D.C.

Stoops G. 2003. Guidelines for the Analysis and Description of Soil and Regolith Thin Sections.SSSA, Madison,
WI. 182p.

Toomanian N., Jalalian A., and Karimian Eghbal M. 2001. Genesis of gypsum enriched soils in north-west Isfahan,
Iran. Geoderma, 99:199-224.

Tsubo M., Basnayak J., Fukai S., Sihathep V., Siyavong P., and Sipaseuth M.C. 2006. Toposequential effects on
water balance and productivity in rainfed lowland rice ecosystem in Southern Laos. Field Crops Resarch, 97: 209-
220.

Vedrine S., Strasser A., and Hug W. 2007. Oncoid growth distribution controled by sea level fluctuation and
climate, 53:535-552.

Yousefifard M., Ayoubi Sh., Pochc R., Jalalian A., Khademi H., and Khormali F. 2015. Clay transformation and
pedogenic calcite formation on a lithosequence of igneous rocks in northwestern Iran. Catena, 133: 186-197.



Journal of Water and Soil (39U @ilioo g psle) S 9 O &y i
Vol. 30, No. 6, Jan.-Feb, 2017, p. 2046-2059 b 2046-2059 . p 1395 il — cyoge 6 0 lais 30 ale

Investigationof Clay Mineralogy, Micromorphology and Evolution of Soils in
Bajestan Playa

M. Ghasemzadeh Ganjehie!- A. Karimi?'- A. Zeinadini®- R. Khorassani*
Received: 25-11-2015
Accepted: 29-02-2016

Introduction: Playa is one of the most important landscapes in arid regions which covers about 1% of the
world's total land area. Study of playas is important from different points of view especially pedology,
sedimentology, mineralogy, environmental geology, groundwater and surface water chemistry. More than 60
playas have been identified in Iran. Considering the fact that playas and surrounding landforms are important
archive of landscape evolution and paleoenvironmental variations, it seems that less attention has been paid to
them so far. Soils are known as indicators of the landscapes evolution. Previous studies in arid regions of Iran
imply different periods of deposition and soil formation in playa and alluvial fans or pediments. Bajestan playa is
one of the known playa in northeastern Iran, and the largest clay flat exists in this playa. There is no information
on the soils and their evolution in Bajestan playa. The objective of this study were to 1) identify the soils in
different landforms along a transect from alluvial fan to clay in Bajestan playa 2) determine the morphological,
micromorphological and mineralogical characteristics of these soils 3) determine the periods of soil and
landform evolution and 4) comparison of soils evolution of the study area to other arid regions of Iran.

Materials and Methods: The study area of approximately 20000 hectares is located in southeastern of
KhorasanRazavi province. The climate of the study area is hot and dry with mean annual temperature and
rainfall of 17.3 °C and 193 mm, respectively. Soil moisture regime is aridic with subdivisions of weak aridic and
soil temperature regime is thermic. Firstly, landforms and geomorphic surfaces of the study area were recognized
based on Google Earth images interpretations and field observations. Four main landforms were recognized in
the study area. The landforms from north to the south of the study area were alluvial fan, intermediate alluvial
fan- clay flat, pediment and clay flat. Considering the diversity of geomorphic units, 11 soil profiles were
described and diffrenet soil layers and horizons were sampled. Undisturbed soil samples were taken
micromorphological studies. Some horizons were selected for clay mineralogy analysis. The mineralogy of clay
fraction was determined using X-ray diffraction method.

Results and discussion: All studied soils except the profiles in the pediment were classified in the Aridisols
order. There were two geomorphic surfaces in alluvial fans. In the first geomorphic surface a soil with the Bk
horizon buried a soil with red Btk horizon. In the second geomorphic surface, it seems that the erosion has been
removed the overlying soil. The Bk horizon showed the maximum soil development in the clay flat and
intermediate alluvial fan-clay flat landforms. Clay coating on sand in thin section was the evidence of clay
illuviation in Btk horizon. Carbonate nodules associated with clay coating are the compound pedofeature in Btk
horizon. These evidences reflect polygenetic nature of the soils and different period of climate change and soil
formation. Smectite, mica, chlorite and palygorskite are the clay minerals in the studied soils. Similar to soils in
arid regions of Iran, palygorskite was found in Bk, Bt and Bz horizons. The existence of Bk horizon in
overlying soils, buried Btk horizon, removal of surface horizon in alluvial fan are the evidences of regressive and
progressive of pedogenic processes in the study area. Btk horizon represents a warm and wetter and Bk horizon
indicates a relatively wetter period in comparison to present time.

Conclusion: Btk was the most developed horizon in the study area that occurred as buried paleosol in
alluvial fan. Bk, Bw, By and Bz were the common horizon in other landforms. Clay coating and red color of Btk
horizon might seem as indicators of hot and humid conditions in the past, during the argillic horizon formation.
Covered carbonate nodules with clay coating can also be mentioned as sign of a hot and wet period which is
suitable for clay illuviation and weathering after a period of carbonate accumulation. The buried Btk horizon
under alluvial layers in the alluvial fan indicates that after apedogenic period, alluvial processes have been
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responsible in burying this horizon. Bk horizon in overlying soil of all landforms represents a less intense period
of soil formation. The dominant clay minerals in the study area were Illiite, cholorite, kaolinite, and palygorskite.
The sequence of Bk and Btk horizons in this research and the occurrence of these soils in central, eastern and
northeastern Iran imply the similar pedogenetic conditions in arid regions of Iran.
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