We 5ol / oain g oloxty oslad / @335k /S 5 O psle (b mlio 5 (55,5LE8 053 5 pske dons

3 0kdE lul o od LS Chli> j3 KdS iy &

S5 509 50 5 alend 55 58 o8 s

\ . N *
JLAJ?'QLQJ;QJ M.&w

OYae/ONA 5 dy @)U SIYAN/YO il s @)U)

A~

o sl edge p il b 5l cmiles 5 S 5IL 3 Slpu sl sl iE LIS wile S mha (S50 sl g
2 Sis Oad s KedS Gladd g o slaag (S cblis ) OIS lul s SedS S5 i U el gl
Hh il bt 505 L LT 6l 4l 55 p S (e Bl O b o s I e gy 3 8 Dbl DS Ol Jled
S S Ol gme 3l OLiS adlas S w550 ds 5 (6,15 g ses (K590 sh 905,50 Slalllan s a5 03 958 Cewd S galdas
S5 el el Bl Gl g Oy SR L awslie 5o g 5 B Olgme 4 KdS i g cou 20l 50 S
53 gy L KdS 5l e i 5 sbad, e b 5 (7,6 cis glaid; Ll 035 Ty GRIEI A 4 S35 5 alas s
Sol> i gy O3 GBS 313 DL S50 ablie (50585 509 S anllae 5 on LGIAS L 63100 El53) o [KUSG 4 S
Sl L lsan gl (S omzes 5 Jodss glals Slastle K8 g Cou gL g e 05T 5 Cind Olettla
Sl 5 K - g eSSl S SV w5, S s SadE S s 4 amen s 1) Sl 51 VU g Lol er o
RPp=ls S Slagr e DY g 5 Lley el sdal 55y 4 O () S 50 @IS S B - g S e Y 0

Al o KdS el gy SLS B 3 b e gy

o SIP B s S (S Chlim LIS gl (Kl g AdS slasl

OB 5 b b 5 (53,558 ke Lisls (St poe Sledils 5 Ad )l w28 s 5w
m_ajami2004@yahoo.com : i xS Gy SIS J gie 1 ¥

4)



WAe 5ol / oain g olxty oslad / @335k ) S 5 O psle (b mlio 5 (55,5LE8 055 5 pshe dons

Ol 5 ey LYY 5 1) s o il S5 s s ind
gy e 5 e sl Sl peals 315 5 55 e (0)
ol b b 5l S e 0 e Jale 1 (555
ls e

s s Lagidg onl Ol 4l e lady Sl L
LaaslaSs O3y 5 o3l Jaalssl 5 sl a0 Sl ols
o=l S Wledds ol Olieisls (gl S e
ol s ap e Ol o S Lis s iy
Aol o o] age B Ges oS G iz 5 ol
Shm B Al e S e s ey e 52
(Y8 516 U8 Lol el aSl (g5l s (555

Glaz s cia 4 asls OLas (Fe) wssl 5 Jlies
Ul plaaslis e L KedS bl 45 55 40
S S S8 5 KIS e Jee YO Sl 5SS
o esde dalS e SLs il b Ol ) me L Yo
g i 3l edd w5 gladsSle b (20l slacia
RS b S ols 50 (S b SLsik) kS
L ples s e ol 530 ) aalas s o313l 5 03ls dipy
5ol eng 8l 55 T 0gs L bdlaSls o3Il oas S5
Ol 2528 5l b Jolie o (g i Sl (nl 0
Cls g g 5l amd e I slse (V) 5 s (0) dans e
Cslin 5 ol 53 (5 e sl Jsle | SLs e
Lozl cis (glaant ;) kizes el Llos S 3 me Lawlusl
5SS Olse w JTols 5 05 Ssl3l s ls o 8 s L
Gl LSS o (S D3 edias Wiy Jalse op S
cblie o Sy S stalin L (V) OLISes (ER PR
R4S il bl K8 Sl ead S S
oy O B ise 3 b 5l K8 5 S ols eles
S S Sl e e sl Sl s ol w8 S
S e Lol GlaSLr LSS 53 g

S s glasls s sy 4,36 b KLIS IS b o

d._wLw cli:.w_;) L;o.f' VS 6@6[? e &\J& J,«JLP jb"

PR
St g sl iy 5l S Olse 4 (Lichen) Sl
Jb=lw 5 S 5 «(Biological soil crusts) L ck_w
S LSl 5 L g6 51 S ol ooy
Ol () A8 o ) s o 4 o5 S Y L el s
Josdis Koo dile SSUSS ol Ly (S55d s sy
S 5w s S «(Microphytic) Kb 5 S «(Microfloral)
al_s (Cryptogamic) S8 2, S 5 (Cryptobiotic)
e

b s S o (S5 it s O3l 3 e
syl s 5 S 5o Ll b oy 4 ] slaens
i s o 4 Ll b g el el (S50 S]
ol 5, Shas 5 Sl (YA) 35 ansls o (Kot aa
S S Gble 5o 05520 S Okl Olge 4 b iy
el o sDe (1Y) a3 51551 330 3550 il
5 SLE (5ol dF) Sbt S el 5 03550 S Al B
S Ll g sla 2 K05 5l 35 Sl b 5l cniles
e i o ST L OA) O 5 V.0 L e
Olse am Wl 5l sSde la i cnl oles plonil 5> SdS
Db Lol 5 s (Islands of fertility) (s 35 Jol> 5l 52
o3 yai 3l Jle BLS 51 gl sladbly wile i

53 eSS Lale SUs sl S5 o il s
s Slss gyl oL s s> &l @ﬂr_a
S il b3l 6,8 g a3 5 (Aggregate stability)
S 5 ot ades Sl il s L5 o0 O g
S8 gy S WUlesls 0Las (1) el 5 ol 5 (Vo)
Sl by 4 S S0 5l Ll e S el 3 5 e
S S8 i e Ll 00 Jee & 585k 5L
Lol L la sl aile (O35 5 slaids 2l
——r JECUVE LQPUE PP S WP - JVRCONN S
BY Sl oy St Canglio Ol i 5 i saSIS

6&&&)&(—»%&&)& U}.Ls Lsu&bbwu‘:):j\f W’o

ax



e 3 DS Sl Jlad o S CBli 3 KidS i g

(VF) Wlasly slazel 53 45 o500 5 Jlod

SB ,ls paiged 5 2l pee Oldes

Dl o S il S ke Ll sk o
St glisacib w5 A 25 5 i dals
3450 adbais gLaSLs (YY) (Soil survey staff) LSS ol
RTINS 5 S S 09 S5 5 alas

ey LY S .x;j:fda ,1 % (Typic Torriorthents)

LY S il s s Kl i s
5 (FJS8) sy bl Gble (e Bl 0 Gas 1) (ke
3 e ) A plamil (515 ped SildS ity AL
Sla i Aizee (1)) 0L,LSKen 5 (6 in (4ilate
RS b Ao Ges 53 L U o ke (S5
L) o gasve e JB Sl aslinad b s 6,108 o gl
03y 550 Cmwd S 4 god oo (2o 5l VYV YO sl
Al 5 (S e S Slalllas pll g
byl sd i oo Ll b s uls pad e Slles
OLalS o o e S ekl o o ailie 550 oS>
Sl L e adam Do 0S|y oy go 4y 45 S g3 Sl

Saisedys Jlesla o

oy g1 el 5 S pleand 550 78 4 525

s Ls Jame oKilesl a4 adlaie 1ol 4y St lad se
SialesTay g Vo osled S 51 a5 00 S pa 5l
o Lol plasd 5 (Sosd Slo g 5l 5 5 B S 13
e e 25 S e

23 S andul 5 e (el Gl 4 S L
A (6, Se3lul ze pH o&Kaies 3l eslizal L g glsl 8 -
53 oSS g ol Sl eslizal b (S S0l sl
b g5 O gplden ST I 1 S .(Y0) A5 pln] gLl oslae
S Sy 4 Sal(YF) dd (S eIl el Slay S (6

J‘:—‘”‘Uﬁdﬂ‘ft:}&)%jls'&-wtt—’°hj‘ngg\jﬂd>)s

qr

K gd e s S5 g SRy e b SIS
gl 3l S S sl s A o 0l gl S
S s s el K8 s ¢l o Jlasl glasts
Tl 03 S (SSs g Ss Sl D3k s gbs
Ll o bl 50 (0) OLKea 5 s (YY) Wl 950 55
S s slasicds sl (2S5 5 Sal gl s
s 55 e 53 SdS
et eslen 5 g5 Bld a4 Ol s SdS4ls
SLa0lily 5l 5 o35 2 Sl O3 SIS 555 5 sl
OF) il 03 208 Sliean S Gbls 5, gla K b S
Sz Ol b 53 @3l OledS Olisl oS 1 s
0P 53 e At 5 e Sl s s a5 Al
3ol l ply dien (3L 5 ol SRl b G b 5l s
ol s Sl 5l 6, S sl b ials g als, 1Sl
B35 55 o=l Sl il la s s s Sloy s el 1 GbLe
2 S8 (SSp s Sy B e Sda L o
St L Lasliss glul cunss 5 Olantle LS5
S c bl s Sie aled 5 Susd glaesle

sl 4 3 ool ol palS

TIPS

adlas 3 0 adhae Olasein

53 35msn ood Slaag anlllas ) g adlats Ll ar ol
5 ObadS Oliad Jlod 3 (Bly QliwiaS 5 5 010l 50 (S5
TV et (2 8) il e ST M VB 2
JS2) (b ¥Y 5 a5 0F 3,0 Jsb 5 aids Vo 5 ax s
Yoo 3l S Al Sl bvse b Slelas agles ()
Dy $les T gia il o St D315 e
sl il b 635 e 3 5l s \/F il
S 3 syl el e Gl a5 ) IS0 adllas 55
W\ij)zvﬁe}@:dmgdc;\{y);m

S ) el i U s Uil o350 01l w3l kw5 &S



\Y¥4.o }ﬁg/‘&i&‘ge‘:ﬁu‘e)w/rﬁa}?gg)b/ssu‘gsgifjlﬁnﬂbcb‘gé‘})‘gwo"ijckd:_u

5l Laesls (bl anslio cgr 5 s S 15 3JUT 5, 50 SPSS
235 eslizad (T-test) s — 5 O 3051

S S50 bl g oSy Ko Slalllng
S Gl e o bl el e 63 55 s gl 5o
om0 S Sl 5 el 2 e G35 Oped B s
s o Sl bl U ool s 4y Soladad L o3l
SoS L g 5 0l ol glalnd sladdlal o Lo
03, 5 Yo ol Culios Uy (S50 ablin 4y b oo
SHL pblis 55 S5 s85ms S0 addllas LU LS

B

4

anlllan 0 atlin S § 0 ¥ JS3

5 5L ol b (1D) Sy By e b L
J=B Gla0sl8 S b 4 e O 035 elilr s
M 5 (PHEAY) s el Iy doms 5l el ol U ol
bl Jdoms o 5 0l il ol (Sl 5 05503
BERE 69516"7 b Ol G Seslkl 5 (pPH=V) (’j:;r’T
s olSs L (sl 0B (slads 5518 S Jsles) Jshoes
Sl sy am Laasluss 1l (A) Aus S s 2 g
A 55 Sl Ol OF CaeS 5 (S a3l sb s

(V%) w0l (Mean weight diameter, MWD) laalast=

Sls3le 3l eslial Ly Lol 5l etel s 4y (glaesls

qf



e 3 DS Sl Jlad o S CBli 3 KidS i g

S35 sy Oadk LS &S Lo S edalle 55 (V)
2 gL ok Aoy Al (6 RS S 3lse Ole 5l
2056 glass 3l mi o K iy il s s
oy &S ol esls glis Slidss (P <o/0)) ol KIS
adaly oy slide 5 N slye doys Ly S gl ok
Ao ss 5 sSia Jualge nalpdl L aSsy b 4 o)l b
Al ol sl b e Rl 58 S plsl o
il bl 35 L lie s S iy tals SOl
S 53 6,13 mas g0d Ol s Cusby Ol e sl
YENX S YVIY S 0 KdS i bl 5 jias Ok
Gy SLs i LUlS 51 SUs a8 s alows Ao
(Y Jadr) il e Cusby (613680 5 b 5 iy

SedS i ghls SUs s JTslse Ol 5 esdle
J=B Ole 4 55 (MWD) Laaslusls s 555 050k
O 4=l 55 i Jus o/¥0 31 0T Jltis 5 sl o)l g 5
Sl 03 S Ty Rl i b S 3 VT 4 2
e a ST il ol Lol s (Y J i) (P<e/e))
0 i sl sy s Baes WL 6
SO L [ WS P [ B U FCIUUH SO LS| P W
sloml 5 S OS5 a2 Ay o 0
el ol wilaie 51l 3 oIl slagliss

5 IS e (AT sle 0L iass 51 ol sdide &
(V0) OlSKas 5 358 W Hls gl & Laglas (gl
Sl b g Kos Lol a5l i 1y beailaS 651l Ol e
adar 5l iz 51 6ok Oldlae il o LS| s S
SOl 5 as aas e 0lis (0) OLLSen 5 ol
o dilon Ll e SaedS 3w e s, SL L
Sl sbml 5 S D3 G B A e L s
Jlas! (V)w;,”t—)p,(\«)&\ﬁ,@J.J;,;z L
FE P S| PR W PTVER I AP S {ECH P Ve
Sl gladlasls [ Ss 5 ol L s s e Jols

a0

ol kB 55 55 Ol Ok Sy S Sl eslinad L S
sl 3 b S, wlal o5 (Cross) CLLM 5 (Plain) oslw
(g S Dlallas b b 0y Do (YA) ey st
s (Voids) ol 4> (Microstructure) glezslo 3y Cund s
b sl 5 (b-fabric) S G- o (Porosity) sl O
b S 513 ST 5,50 55050 sl 3l 2y (Pedofeature)
oP A S P S Gl 038 oS e
>, 4s Image tools )\jA\@.} 3l eslazal b Cbb"u R (Dl i
3305 3 e i ol o (F JSC) (M) i S 415 ST
e Cosy | Ll s Sl5le s 53 nusbal O3 5o
am 555 L e 5 03 5a0 oS (Grayscale) (s .S
= e > s (Processing) (s 3lowisl b sla s

A el O a5 90> (Analysis) ):JUT s (Threshold)

Cou g mld
Ol ot o g S olond 5 58 slaa 2
e SSL bt S5 5l ol s Sl 2
03 35 g0 Sledlbl Lol ool Y 5V cladsd s Sl
5 Sl adlie Sb Cins o JolSS KLY ol Jstr
S 055 103 55 St ol Al oyl 55 5 i a5 45,50kes
S ol s bl a8 snaid il o8
5035 VU adlate S (6558 Ole (ARSI slan 2
S ALS Gl i Sl s 4 Jal b e 5o
Cotl SIS w55 S350 50 Sbaain sy S8 (hrd
Al el e

oS Ol 35 0 ol ¥ sl 55 45 4 ,50kes
JoB 5 b e Ol 40 K8 2y s Sl s St
Sk aBl Jlpl Ll Ol S L aslie 5 e s
LSl 3 /o/0F & i sk Sbt 3 7e/eV 51 ol s
OLLSan 5 (gt (PSe/o)) Cl ol KlS il
sl Lol lale 1) KldS iy Lo 04 o358 (1Y)

ol 5 IS s e adbie 53w S I slge Olses o



WAe 5ol / oain g olxty oslad / @335k ) S 5 O psle (b mlio 5 (55,5LE8 055 5 pshe dons

Image tools ,1 3l 5 ;5 p i T Yl e ¥ s

andllas 390 S & jad land 5050 48 S N Jodr

CEC CCE

oC SP EC pH

W M |
o § T (emolekg!) (%) (%) %) (dsm™) - =
(%) (%) (%) (cm)
/0 £Y/0 Yo/o 0/4 Y o/ Y$/A £5/4 v/0 o—Yo A
Yo/y s5/6 AN f/A Y¥ o/Y Y¥/5 Y\/$ AY Yo $o G
Yo/q Y0 \¥did 0/ YO/0 o/Y YY/4 Yo/o V/A Fo—\Yo G,
e g gle 00 Ges o adlie (SR olend 5058 b fall B palie (Kle Y g
MWD L . . CEC CCE oC SP EC pH 2 el
(mm) <7 =0 S Cdloke %) ) () (dsm) -
) % %) (%) y
o /Y0 YV/Y [N Yig \V/Y YV/¥ Y/ Yo/A o/oV Yt/ /o AN LY me SEEY
VY YV 00/ WV YT ¥/0 WA e Yy V¥ AIY SedS i L

S Gty Ay a4 (PSe/0)) 3L s
am b S o ol el b ilg e S mha
el gl 3l adlas as falS aa>de LB Ol
5 osslS Il e b (S il (g mi sl s
G ol @l Gk oS s e bl Jsbes ondS Sl S
(Y Jadr) Ll e KodS S5 slatian gy

N59985,809 Sr o 5 285wy S Oldalia
S

SIS Bo S Dl pas S 3 F eV s
Gl g a5 L S 0 oslal Sladlae aikeie glas
3 S SGEs A e 53 Sy Sn Dl

S gl gy sbalsls Las b Llg e 256 s
O (Vo) (S s ol 258 Ghala b Olpe 2ol sl
S KaedS s i 3 s B s Ll e
s e ) &1 5 (Encapsulate) X .S .« » ;5 1, St
.Mb@

G by sl o5 0 S ST LS 5 i
by Sbe 3 (S 0o pls 4 g en 5 Al
e 3L L S S LS s slaci s
kil 5o (S5 sl idy 1 nl Bl glaedlSa
ey anlllas ) g e S L b L

ot 3 A sls Oles (a3t ol Sl edal s 4 il
Pl sslas S S ol ke pliand 558 sl el
SlikamSle B Ol 4y KelS iy e s St

45



e 3 DS Sl Jlad o S CBli 3 KidS i g

andllas 5,50 GLSE (540985 905 Sr Dl g ¥ J g

O PO C O U VIS /) Sl - i Ozl Son &g
ComdS 158 i Sobs Sl S - Slos s o5k
(Szls) Ealtact
CodS IS VR S s b s glsd Yoo BYe gl L) JUIS «slals o b
s g5 Sl S oy S G100) Gras Ko L) sl Sk S-S

2l (Seds) (o Sl

£ 01 B i b 51 B S LSS b
53 SO Shee b (70l i s 5 a3 e
e 053 4 e b VB Y oo g 05 S5 358 b
Sl sty G Lyl 5 05 el (bl B e (S
s S 5 Sl gbadle b S5 55 ¢ ol
Slaaslsls a5 4 o Sdee S5 ST 5L s e
5 Ll ﬂu A dal = (Bio-mineral) Jdas — s Sl
LBl ys S5 B0 e Sz b 5 (Ye) OlSen
5 ol S W o S e (S5 g lakiey S
ol Wl ozl 125 3 (glazar 5
4S5l OLES 3 1580 p 5 3l eslizad b ablie (g st U
St bl SLaS s mlaw 53 Sl s Ao s Ol
Ao V0 e i an R Ok S 5 K8
25 el 1 (V) 0L 5 Ll VL (8 K)o
Sla oy 5 LA BLL oS Al e 5Ll s Dlallas
S5 P sla i g 5l a2 (Hydrophobic) 5 S Ol
sdaline Lol .CliS dal s Jolss sl ege b S
Olie 3l N5 SpSte iy b glasls o5 s 8
53 (V) las 5 LSl b anslie 3 5YL Jodss
el ity S 655 3 50 O (M S8
25 Pl Cab b 5 JB Olr 5550 Doy

(V) e Lo o (G5 5 0 5 LS 5 0o s

v

*
ﬁ)@w);;;\)scﬁ,w;:

N L S i I S| S W P P W VP SRV g0

Bl aals 513 bl s ez S50 ey

Jodsw 5 Oleslu
St aalllan )50 S350 505 50 a2l e

Stz 3L S RAn BT pie s Ol
s 0Lz St S50 ablis andllas Wlazdls S8 S5 5
o3 s 5 i Ol Gl Sindgs Osdey S 4 S
ST olss 35m s pde 5l 36 Bas Jal 1) &5 03 5 (Massive)
oo S Lol ol ) 5l e ol s dadle LG
5 (Granular) lasls 53 Jsedsine Olazstlu LY ey
< - S 2915 S —hs
sl (0 JK3) w,ls (Well separated angular blocky)

Sl L Jls 4

sl L St s 1, clals cbolazzle 35m 5 (Y2)
WS das e O Slaalie 51 6 b Ll o s e S35 550
Sl g el 5 S e s S sl
Sldllas mls (0F 5 00) di s Sl cladlasl
Ol i I b S js aS s e 0L 5Ky S
Al s (Vugh) S5 5 (Channel) JUIS SR
() 0L 5 beal Sy S Slaaline 5 Slallas
S’ (Rhizomorphs) sle aly s slapliil oS das o OLES
SR o e S e 155 g sl

WS Wi O Siiass ool Lyl e St olesle 0us



\Y¥4. hk/r;h‘;a‘:_r.h‘ A)Lo.::/rAJJ'JL.\‘JLa/Jﬁjyirjbnﬁbcb‘géjJ‘gLiSOﬂ‘gf‘,l&d:_u

S Rl e W I

() KudS i b o (W) Jidg Oa S i 5 Olaislu 1 g Ky Sn 5 las 0 03

(;,&@a.&pg}&‘;MI.L?l..a‘;_,lgbl.o:.&l.u;'aJS..‘.‘);ASJBJ:.\A:&QWbVSlJuQLJ.&LwJIJS.&)

0 A
b a
Y.
Y0
3 ov b
3 VO A
Ve A
a,
O g o b

Sppa AT Jool ol el S Sl olie amlie Gled £ K3

(Aol i lahe Blod 4 S 64 93 Slasan Sl 51 (S wlin s Sy )

doe ol ey (s o RECRE O - W U P
s e sl s e Sl Vw5, oS~
HEsSL lg e S a4 Koy gl s s
Shd i 4z pn Il s ey D3 (S B 03503
Cnilon Lo s JB s 4 Sl Sl 5 K & S
e 5 Sl iy ol S 355 wilSe 351 s
il 1 0 e LV 51 (S il iy o ot S
3 (K8 s 5l Lol= COp 58 5l s 4) Sal
— o KdS g Ol S sl of il Cder
sz Sl e Gblie 5 035 Sadli S Loles S0

(g;...u\ [ 45‘)‘ JQ) b}.ﬁ‘_;o.?

K26 -
5 K8 i SEU Y w558 g S S ol
S 0 53 3l 5 S e sla S il
S Sl 5o LS 4 sk 4 il S s s ool
Sl S Sl S G558 Y (e e )
Gl eSO S b= O cp s Sis s s (Crystallitic)
Sl (v ISs) el e 5 | (Speckled)
=B pslis e 5l AU maw o sel Ly Sl S
SO e i K8l oS il ST SLS S 4 g
Sl A8 e ey sl e Bl mexd (S1ize S5U oY
2> S Gl bl S s g 53 ool il
SLLE S8 b sl (oL 0 5 051 al 5 el

aA



e 3 LS Sl et d S c Bl 3 Kol by i

__ Compact_

— Leose . Crystallitic
Slightly compact | 1
: s

Speckle,d e

*" 150 micromet
—

(&) gble 5 (A oslu , 55 93 55 KdS g 51 Ol sy S pglas YV IKS

doelss 3 LS Sslan sl S o esls 0li Sls
slasls s Ll el Sl slaplasle 6,8 S 5 S5
Slallas 5o S5 sm sy 455 SlS Sy Ok

A ey (G580 sm S

S S 4o

BLIS] e MK)U,&:“ S Ulpe 4 SIS gy e
03 ad ol 3 1y (Soslsr Sl go 5SSl ilaS ) 2
S5 dias e il 1 adlae s Sbe 125 s, Sy
ST U5 P PIREE | LV OV i S
s i A0l e LaaDS L (g5l sl e 555
Ll ailate glassls Sl 51 68ty 5 cbli> 55 (5535
Lol

P
S b okid 3 o =0 JSE 52 5 Y Jadr 2 S LS 0kes
Excremental ) gSL_= sy >0 V02 5 5L
L oglasls gl oy Q—lﬁ@b s 5 > (pedofeatures
el LT sy aS 6o b 4y dnes KIS gy
S ol s a5 B S5 e slac
03,31 pal 3 L len Sl SoedS S5 gla b s
e 5 (S5 Ol S5 AST Ll s Sl
ol iy &8 w50k dnles al 315 (g S Sls s e
do iy 50 5l Sb CBlis s LaalaSl gl L
SealS i oS ol ol bt 55 (oS
Slaitn (ml Enle g Sl 5 XS o dlesl SI=
OT 1l e a8 sl St O ol el 51 S5 s
o3 Oletle LSS w53 (ol Sllllas L led o385

ealaiul 3,40 cLA

1. Asta, J.,, F. Orry, F. Toutain, B. Sonchier and G. Villemin. 2001. Micromorphological and ultrastructural
investigations of the lichen-soil interface. Soil Biol. & Biochem. 33: 323-337.
2. Bar-Or, Y. and A. Danin. 1989. Mechanisms of cyanobacterial crust formations and soil stabilization in the

northwestern Negev. Soc. Microbiol. 13: 55-64.

3. Belnap, J. and D.A. Gillette. 1997. Disturbance of biological soil crusts: impacts on potential wind erodibility of
sandy desert soils in southeastern Utah, USA. Land Degradation and Development, 8: 355-362.
4. Belnap, J. and D.A. Gillette. 1998. Vulnerability of desert soil surfaces to wind erosion: impacts of soil texture and

disturbance. J. Arid Environ. 39: 133-142.

5. Belnap, J., J.H. Kaltenecker, R. Rosentreter, J. Williams, S. Leonard and D. Eldridge. 2001. Biological soil crusts:
ecology and management. United States Department of the Interior, Bureau of Land Management, Printed
Materials Distribution Center, BC-650-B, P.O. Box 25047 Denver, Colorado 80225-0047.

a4



WAe 5ol / oain g olxty oslad / @335k ) S 5 O psle (b mlio 5 (55,5LE8 055 5 pshe dons

6. Beymer, R.J. and J.M. Klopatek. 1991. Potential contribution of carbon by microphytic crusts in Pinyon—Juniper
Woodlands. Arid Soil Res. and Rehabilitation 5: 187—198.

7. Bronick, C.J. and R. Lal. 2005. Soil structure and management: a review. Geoderma 124: 3 -22.

8. Chapman, H.D. 1965. Cation exchange capacity. Methods of Soil Analysis. Part 2. In: Black, C.A. (Ed.), American
Society of Agronomy, Madison, Wisconsin, USA.

9. Eldridge, D. 2000. Ecology and management of biological soil crusts: recent development and future challenges.
The Bryologist 103: 742-747.

10. Eldridge, D.J. and R.S.B. Greene. 1994. Microbiotic soil crusts: a review of their roles in soil and ecological
processes in the rangelands of Australia. Austr. J. Soil Res. 32: 389-415.

11. Eldridge, D.J. and J.F. Leys. 2003. Exploring some relationships between biological soil crust, soil aggregation and
wind erosion. J. Arid Environ. 53: 457—466.
12. Greene, R.S.B., C.J. Chartres and K.H. Hodgkinson. 1990. The effect of fire on the soil in a degraded semi-arid
woodland. I. Cryptogam cover and physical micromorphological properties. Aust. J. Soil Res. 28: 755-770.
13.Hansen, D.J., W.K. Ostler and D.B. Hall. 1999. The transition from Mojave Desert to Great Basin Desert on the
Nevada Test Site. PP. 148-158. In: McArthur, E.D., Ostler, W.K. and Wambolt compilers, C.L. (Eds.),
Proceedings: Shrubland Ecotones. Proceedings RMRS-P- 11. USDA Forest Service, Rocky Mountain Research
Station, Ogden, UT.

14. Jafari M., A. Tavili, N. Zargham, Gh.A. Heshmati, M.A. Zare Chahouki, S. Shirzadian, H. Azarnivand, Gh.R.
Zehtabian and M. Sohrabi. 2004. Comparing some properties of crusted and uncrusted soils in Alagol region of
Iran. Pakistan J. Nutr. 3(5): 273-277.

15.Kavdir, Y., H. Ozcan, H. Ekinci and Y. Yigini. 2004. The influence of clay content, organic carbon and land use
types on soil aggregate stability and tensile strength. Turk. J. Agric. 28: 155-162.

16. Kemper, W.D. and R.C. Rosenau. 1986. Aggregate stability and size distribution. PP. 425-442. In: Klute, A. (Ed.),
Methods of Soil Analysis. Part I: Physical Analysis. SSSA. Madison, WI.

17.Kleiner, E.F. and Harper, K.T. 1972. Environment and community organization in grasslands on Canyonlands
National Park. Ecology 53(2): 299-309.

18. Lalley, J.S., H.A. Viles, J.R. Henschel and V. Lalley. 2006. Lichen-dominated soil crusts as arthropod habitat in
warm deserts. J. Arid Environ. 67: 579-593.

19. Lynch, J.M. and E. Bragg. 1985. Microorganisms and soil aggregate stability. PP. 135-171. In: Stewart, B.A. (Ed.),
Advances in Soil Science. Springer-Verlag, New York.

20.Malam Issa, O., Y. Le Bissonnais, C. Défarge and J. Trichet. 2001. Role of a microbial cover on structural stability
of a sandy soil in Sahelian part of western Niger. Geoderma 101: 15-30.

21.Malam Issa, O., C. Défarge, J. Trichet, C. Valentin and J.L Rajot. 2009. Microbiotic soil crusts in the Sahel of
Western Niger and their influence on soil porosity and water dynamics. Catena 77: 48-55.

22.Malam Issa, O., J. Trichet, C. Defarge, A. Coute and C. Valentin. 1999. Morphology and microstructure of
microbiotic soil crusts on a tiger bush sequence (Niger, Sahel). Catena 37: 175-196.

23.McKenna-Neuman, C., C.D. Maxwell and J.W. Boulton. 1996. Wind transport of sand surfaces crusted with
photoautotrophic microorganisms. Catena 27: 229-247.

24.Nelson, R.E. 1982. Carbonate and gypsum. /n: Page, A. L. (Ed.), Methods of Soil Analysis. Part II. American
Society of Agronomy, Madison, Wisconsin, USA.

25.Page, M.C., D.L. Sparks, M.R. Noll and G.J. Hendricks. 1987. Kinetics and mechanisms of potassium release from
sandy Middle Atlantic Coastal Plain soils. Soil Sci. Soc. Amer. J. 51: 1460-1465.

26. Pendleton, R.L., B.K. Pendleton, G.L. Howard and S.D. Warren. 2003. Growth and nutrient content of herbaceous
seedlings associated with biological soil crusts. Arid land Res. and Manag. 17: 271-281.

27.Soil Survey Staff. 2010. Keys to Soil Taxonomy. 11™ ed., U. S. Department of Agriculture.

28.St. Clair, L.L. and J.R. Johansen. 1993. Introduction to the symposium on soil crust communities. Great Basin
Naturalist 53(1): 1-4.

29. Stoops, G. 2003. Guidelines for Analysis and Description of Soil and Regolith thin Sections. SSSA. Inc., Madison,
Winsconsin.

30. Tisdall, J.M. and J.M. Oades. 1982. Organic matter and water stable aggregates in soils. J. Soil Sci. 33: 141-163.

31. UTHSCSA. Dental Diagnostic Science, 2002. http://ddsdx.uthscsa.edu/dig/download.html

32. Zaady, E., P. Groffman and M. Shachak. 1998. Nitrogen fixation in macro- and microphytic patches in the Negev
Desert. Soil Biol. & Biochem. 30: 449-454.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 6.66667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


