0

Ve A ek £ 0 T DL R TPVl

PR S
DSl 88 (S o K5 el Ko ¢ a3 sl oDl Oler pake (gabinad oBUL sale 13 0s wlad /j*’d"/
s http://girs.iaubushehr.ac.ir : <ol &5 s

Biological asls julul p S s sban sy GG u5s Jodou o
’ Ry

(BSCI) Soil Crust

dau;r}m‘dﬂ#wuu;jb\é R..E\S ‘Jelsw.x,“‘_;;,s; ‘_,.;lsw

4.¢ | (Biological Soil Crust) BSCI ,esls Gua=s ol )5
e Kl cJl L S s gl ST, 4k

sl oz S
G Obly 5l oo andlaesjse essdome WSy, 5 olge
Ol 5528 3 Olgaoal Slal 534S sl (U151 (655 0 sOLL)
O oS 14970 ol b oandlaes ) ge 03 gdoee .l )
Sl gl o, 5 oYYV " G0NV oY YY" 5ok sladsb
bawgte Cod il o 03 2 S YYT 007 N B YYT YY"
el e VW 0T Lo s gLl 5 Loy V/0A G s
(i g oa) Olgiol 3o pwliilgn oKl Hlol ulu
Shoaib bl el e e V0 ddlete Ul 35L wsie
shoaidb il 5 S 2P aibe Bl oless e Bl
S S 5 et BSCI Lol ool 3 e S5 558 51 05 el
co Sl 5 AL Rl 353l sl eslials, 5o Lol
Gl ol o Bl S b O ol daly 5 ool
whls a8 ola LSy il s ik s S bt ailo
Dsked Lpd M LI LS il s s e c S
olple pslar o fabler 3 (S bt dolee anls
bz Olosle cole 5\¥AY Jle & by, s Landsat OLI 8
cad Sl el S Y Y sl s e kil 1Kl
Wl o3 sdoms 5 Sy ol SB3L ol o5 b s gl Sl
IS ol S bl Ssp e dple 5 58

\

VAR g Wi 5 s /TR OLT YA bl s

VEve L3V 1 B2l w e

oS>

WLEdS 5l Glas gazms S 2uy) Sladie gy Gda g aldey
S S L o s b Shisihe dag B dae
5 e 5 (SIS Syl Llesls S5 1, S (s 55|
Olpl 5 ais Sistany 5 K ble jo St gy slaata s
St ol Bl al 51 Sb 55 s 5 Sl 3§y oS
blod sl o S5 5 a0l ol
Sua ol 4 gl sl LD sl i) 2SOl 5 ae
2 &b phled Gl BB IS 68 it il e e
St e Gladtu gy w35 020 e 5 ool 5 el O
Sle G s i S Sb el le Olgen

Sl adlzie (g3L

gl (B S CDAE e a5 S
R
O b o1 ¢ gl 3 68 0L ¢ 13 50LL (5 55 (g smeils
A Eils (il oS 2ty ¢ SLly 5 S bl e 055 JLolkul Y
Ot clbias
OSSNy Sl ks e (S (5 Sk i bl Y
Ol oS 83038 s 5 sl «lidos Olesl
Ol Ol Ol gl s 5 ok sba mass Olsle lslial £
Sl s LS Slide e Olly Slidos 5w (ayy Ll 0
Ol 0L 503U s 5 sl ik Olajl (528
hkaboli@semnan.ac.ir: ©Ls51Ke J g (K9 S Sy
http://dorl.net/dor/20.1001.1.26767082.1400.12.2.1.4


http://girs.iaubushehr.ac.ir/issue_1135129_1135692.html
http://girs.iaubushehr.ac.ir/article_679274.html
http://girs.iaubushehr.ac.ir/article_679274.html
http://girs.iaubushehr.ac.ir/article_679274.html
http://girs.iaubushehr.ac.ir/article_679274.html
http://girs.iaubushehr.ac.ir/article_679274.html

J') c"wdw/”.—»wu»u,,nu‘; /’ = a

A=10(0 80D Ol oF eyled Y Al

DSl BB 5 go,slis bl Sl ik sk islie A e
A tb e (S cd a4 Koo sl s slaaiey
3 Jsmab aen 3 S Ll KK b ool el b ler
R 5 Ol Jsl D3 GBS0 cp 2eS BLE aen 55 5 L
[P SPICH POON RGN RPNCS [JE1F (RIS AL S P
b Ol s e plomil dbo s o b 53 F0L 5 035 el ke
b s Lo 5 Alecs OLLS 5ol Laulyl 51 b asl Jalssl
S5 sl 4 Ol flsl 5o 5 eased Ay 4 gyl bl
5 LSLL 28 L Sles Sle ST D sliss 5 Koy
35 Oy @ by e cid sl ol 4l 2alS Lol oS5
as 2l 53 aS Il s ol xls 1y (550 op jeS bl aes
bl i Wleds i e 5 e OlalS &S Ol
G J=e s @Jirj slaakie o8 OlLls s cl wils |, ab
Sl ol els 0L 1 A5G Ol Slas ccladl
oasis 53 il glax Sl esle Ao ys 40 G BSCI ol
SSee 2L YL JT sl S o3 5 50 St tew glaazup
al dak all St sy slaaag 51 2w)s jesedd ol
05 OB SlS s asis gl BSCL axls aSkilsl
ol o g 53 las Ol ol sl 28 KondS glacil
25 Sl sddedalin &S sboles b e ialS Blas 4 JI
s 5 2, o few Glaata gy g LS s olg Wl
St s Glaaiu g o) Gble 3 Ol SIBI >l 5
CiS 5 Ol s a5 L el Gble js g e sdalin
Jsad 55 rub mlie oo b slite LS OLLS Ol e ¢35 5
b b B3k il s pen 4 5 ol b il
Ole 5 5mb b lbged (STl SHLS 505 4 Ko p
RUNER C K RTARWLY

ozl St b iy S b ol g S e
Slesle a8 L (Rl e Ll elss clles (LS 2y
3gdes 1, BSCl Lasli LIS Oy o8 5 o) Sl (Sl
Gladks Lyl 5 5 lojlgale jslas Slej o3l 53 so0nlil 5 LS e
2IsBSCl asls &8s Ol L3 gL b

G Cuis (S el (KadS sl 1 g hdS slasly

(erla b el A alee 6‘}§w css s Jle ‘_;Lad.a.%
S Sl eslitad b o KedS e U s glaaiy oluls
L alio 53 5w 5 303 b o oud 5 VIS-NIR Bl il
Slesliad b s 8 e Cppe S S iy o S
SedS Sl b s Slasiagy 2S1, 428 ENVI 50 5
OIS LN W-V0S JP-SC WINPT | L AS WA Jabsler s
Ol 5 o minslisl pnes B bl eddiag glaalds
s e bl a5 LS estls 5 S Cms
Slogar ulal ,J.z@j@? Kl sl s
S S 0 Sy S el 3l 03Ul b 5 0T (55058 0
el Sk Lo 5 Jsline (S e me 5 Jpens
G35 5 BSCl La=ls Jlel 5l o Lad slulis (KOH)
b s ENVIE I3l 5 51 eslinal b A o] ol sake s
303 4 b 5l Jeaboler 3 R ks ki £ w by
o p e bLE s Jle 5l bl s il AU5L Ol s

AL
Li, L Olger oS 0L b s S bt Con g mls
Blas oS Ol Juad b alio 53 ol LSy 5 ke OlalS
o 5l e da St G OLLS izean 5 azils |y (550 Ol
055 Jlls St bl sleaciigusl 3 .Sl aS Ll
33 GIVA) 505 1y 355 Jldde Shas ol =50 53 5 (+/F9)
olg Al 4 5y Ctigmsl B sledidnd 31 Sbt Lt s
Sk o Sl Al (S i 03 om S L e s
P03 ) Slats Sy gt ol st i o
dlo 5 Ll e Sl Gl ladissl (bl fuab e
o dSA 5 AlE 4 by e B S Ol o il &S AD o s
46 S S Olppo b Ol Juad & bogs o A o] gl
by e el o3 VENY Ll LS el 5 s
se,hs 4 bae cib 5L5L S Osls 0L BSC Lasls b
S el sy LIS 1S1 L bl gy, S S
3l sl by e il by amen seas 0b 4 Kooy
Wb oS Ohld 53 S Jss ol oa G s e Ll
SN 5 Sl i Bk SR s s Slaae sy s

RGIWA J)g-))l.@_!)}:.v_li &Ujl{)\spwéﬁ

Biological Soil ,a=ls Ll S o Glaw sy S G5 i Ve e alis s e e S G G S WD 655 S S slaad dlée ) & Lk

A=V0 NY (b i 53 2Ll i Sl Slli 5 55 51 Gl 423 (BSCD) Crust



http://girs.iaubushehr.ac.ir/article_679274.html
http://girs.iaubushehr.ac.ir/article_679274.html

CL Crust ) S+ atwg jestls a5 55bols (VA 51T V)
oetla e 5 (V) 0L 5 A58 Lw g (Index
BSCI, Biological Soil Crust ) S e glaaias,
b Sl Sl eslizal b (V) 0 Kan 5 o a5 (Index
o ooty LG ot 6l ETMY cod ol sale sl
slias S G Slly glaoliamle 55 s glaatay
53 Lol s mens bl stiasolis CI Laxls ool
5 Lpd e Obled ol L el s 5 olags S il o S
e 3 pob Ll ulSasl OVl ls U BSCT L
2GS b KlIS mS1, blE eSS
wad Sb | egme oS 58S Ul gble s baasls
e el S8 alS iy s b el
SV (YA 3 YA ol aass glaanasy sty Sl
oLzl o (Slaaty s SN 0 gl IS (10 oo sy Oliis
S Wlosgo3 slgiy CL 5 BSCL sla el Jse (sl
Ol bl oy () ol O] el S s
co) S mhe 5 A iy sl 5l b WSS
255 st dolosa
o) iy S1n B pad Sl Godosd
G i Obly 5l s s (KIS el L sl
Of 53 al30Lks Ks,y 5 0350 5528 Sl bl 51 &S Olgdol
g b dn ol 5o Ul ailplasil conl 5 28 4 5,
s SLaS Sl 5 aans glacy (US|, Wik

Syl & hoble Ly 28 ¢l Kl

G )
axlllaes  go aikaia

GLObly) 55K Obls Sl oo anlans s ge 630
Ol 5aS 5l Olgasl Ol 55 a8l (Ol ) (55 0
DS 14470 Cmlis b asdllass ygo 03 5des Lol ol s
Slise 5 oW B %Y Y 55 sladb o
() US5) ol o 03,25 ¥Y%00 ) B TYOREYY L
ol BEWO CLL“)! 5 Aoy VoA o clds awgte

v

dndle
Lae it LSS 3 glas sozes St sy Gladinp
22257 ge Sl S ple 5 bags SUsle sl
i Sl S (YR) dmn Sbs o (5 20 ke i &Y
OV 59 ke Jodss [l 5 St ol 250l
Sl s BB OT bl (7)) S glul
St IS5 (7)o J 28 (1) 5T 0lalS
hodls (M 50 8) sl Lles Jes 5 (T Sl
el jarld Olpear s gang [yl Soke
Ghle 53 opara b nl pde AL e SI
35008 Jud 5l ool glacassdons L S Sidtaas 5 S
S gosd 5 el adl 5 by (ol sl
wleld (7)) ol Sl Gles Coenl 1wy pgy
e S albd frzman 5 g glasy 2S1, B
oS sk Glly 5 S Gble 53 L85 5 s
i S abywssl S gl 5 addaie e o Lol
Tl 03 s Sty GRS1 O s e (TY) 30
b Sl Sl g bl e Sllas ailane S
Oliies & 5 comad (Y 5 Y1) 3505 nd L0 = 5o |
b dbe ) (AL s il lapasla bl
NDVI, Normalized ) JALST gy sle el Jbe s
ws g etld «(Yt) (Difference Vegetation Index
L «())) (EVI, Enhanced Vegetation Index) _alS
ol W5 5 e (Y)) (WL, Water Index) ol Laxls
Gtin gy (S|, et (V1) S v jaxls 5 ()
sddobnil Slllas olal ol Llessel 4l e
WA 50V ikl ol 4l s o sy slaaa
by 55508 5 Jbs S ol 4l & bye & 25t
S Ol e 5 (YA) ks asis LB ol
b Sl e Sl YOG /0 mged b 5 s glaaia sy
P e (V) 3pd e e Sus5 5 B0 5L
G Sl eslital ¢ s oty ST LS s s
Gl Cd S s 5 S a5l Ak b eSS



Verr Ol (f~9° A)La.&/r.h:}b; JL«)‘;'.:-ECLA 25 bl e Ol Sbilu 5 95 51 Shov

Artemisia siberi-Noea ik & 25, 5 ol 3
Salsola tomentosa- s mucronata-Scariola orientalis
Alhagi persarum-tamarix sp- 5 Artemisia siberi

(V&) el Anabasis haussknechtii

590000 600000 MI'III]II 620000 630000
L

G mlbidlen oKal bl bl ool e VWA
ailie G 5L B (e Al oSl Olgio!
St g 5l o5l sdnail ol 5 St ¢ 5l adlai

Without Biocrust Samples
@  Biocrust Samples

Isfahan Province

W

Sejzi Plain

© Villages
- Road|sfahan .000 7.000 0 14,000 Meters
§* I Biocrust Cover Coordinate System: UTM zon 39N '§
@ . T T T T T a
590000 600000 510000 20000 0000 S

G155 4 303 L& of o 4 Olgiesl Ol 5 O ) 55 Slalllas adlats Cond g ) S5

Fig. 1. Location of case study in Iran and Isfahan province with sampling pionts
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Fig. 2. Soil line index provided using Landsat OLI 8 for all seasons in a year
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Table 1. The results of stratified random sampling method used in order to validate produced maps

o) Class Name Characteristics Producers Accuracy Users Accuracy
Season 4.5...19 rLr Olasiia PR .an B j.uls 3y
Class 1-\ ks 3 a5 05 ~Without Biocrust JARD JARD
Spring Class 2-y s i) Gy ii 5 L -Biocrust Covered JAVAL JAAVAAS
sle olib s <is -Overall Classification Accuracy = 7v4
Js L LaxLs - Overall Kappa Statistics=+/v£)Y
Class 1-\ ks s e 054 ~Without Biocrust JARD JARD
Summer Class 2-Y s s Gaze s iy L -Biocrust Covered /40/10 AN
okt ok s <is - Overall Classification Accuracy = 74¢
Js L L=xLs - Overall Kappa Statistics =+/av\Y
Class 1-\ s 3 a5 05 —~Without Biocrust JARR JARR
Fall Class 2-Y s ) Gy i L -Biocrust Covered JAVEA AV/4)
b ol Js «is - Overall Classification Accuracy=/At
Js sbls =i - Overall Kappa Statistics =+/AY\v
Class 1-\ ks s Sz 5 05 ~Without Biocrust JARD JARD
Winter Class 2-Y s s Gaaze s iy L -Biocrust Covered JAV/Y AN
Ol olib S =35 -Overall Classification Accuracy = /Ae
J5 sl L=xLs -Overall Kappa Statistics =+/A\Y*vV
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Fig. 4. The maps of distribution of Biological soil crust in Sejzi plain
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Table 2. The list of teresterial identified lichensin Sejzi plain

R P P e SedS ol
Num Code XLL YLL Lichen
\ 01y [AAKAR YYoL\A/O Moss, Algae
Y o1y 0YALY/) Y'Y000/A Moss, Algae Collema coccophorum
s 01t OYVAY/A YYOYEY/E Moss, Algae Collema coccophorum
¢ 010 [ARYAVAS YYoo0o0/¢ Peccania arizonica
0 o\ OY\AOY/) YYOYEL/A Moss
s [a\% oy\a\o/Y YYOYYYV/A Moss, Collema coccophorum
\ 07A oYY« \4/V AR IANZAN Moss
A 014 OYV\AY YYooA/V Collema tenax, Moss
q oV oY \AOY/Y YYOYEY/Y Collema tenax, Endocarpon pocilum, Candelariella sp, Moss
v oV oYV /4 FYOSAY/A Candelariella sp, Caloplaca roselans, Af{egaspora rimisorediata,
Caloplaca raesaenenii, Moss
AN ovY 0YA4LY/) Y'Yoo00/4 Endocarpon pocilum
VY ovY BYVVA/O Y0 0A/) Collema coccophorum, Circinaria mansourii, Placidium
squamulosum, Moss
'Y ove oyiaveA YYoYYA/) Collema tenax, Collema coccophorum, Placidium squamulosum
V¢ ovo [ AARYAVAS YYOLYV/A Peccania terricola, Collema tenax, Collema coccophorum
Vo ova OYVALV/A Yvose/n Moss, Collema coccophorum
‘1 ovv oYY«\4q YYOL VAL Moss, Collema coccophorum
\\% oVA oY\V4iv/o YYoto/Y Moss, Collema coccophorum, Collema tenax
A ova oYVae/e YYoto/\ Collema coccophorum, Peccania terricola
\E} OA+ oY\AOY/0 AREANAVA Candelariella sp
v oA OYVIEY/Y Y050\ /Y Circinaria mansourii, Circinaria elmorei, Collema tenax,

Candelariella sp
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Abstract

Background and Objective Biological soil crusts are
a collection of lichens, mosses, fungi, cyanobacteria,
etc. that are part of the soil ecosystem. Estimation of
density and distribution of biological soil crusts in arid
and semi-arid regions of Iran, which is the subject of
soil erosion and wastage is very important. Methods
based on remote sensing techniques are important in
terms of cost and time less efficient methods to
achieve this goal. Segzi plain is one of the critical
points of wind erosion in Iran and identifying and
determining the distribution of biological soil crusts as
a soil modifier is an effective step in reducing wind
erosion in the region.
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In this research, BSCI (Biological Soil Crust) index
has been used to prepare the distribution map of
lichen-dominated biological soil crusts.

Materials and Methods The study area is part of the
Sajzi Desert (Central Deserts of Iran) which is located
in Isfahan province of Iran. The study area with an
area of 199.5 hectares is spread between the eastern
lengths of 51°52'32" to 52°27'41" and the northern
widths of 32°33'31" to 32°55'01". The average slope of
Segzi plain is 1.08 percent and its average height is
1680 meters. According to the statistics of East
Isfahan Meteorological Station (Shahid Beheshti
Station), the average annual rainfall in the region is
106 mm. According to the Dumarten climatic
classification, the climate of the region is dry and
according to the Amberge classification it is cold. The
BSCI index is a combination of the relationships used
to estimate vegetation and bare soil surface, and its
mathematical relationship is the slope of the soil line.
To calculate the soil line in an area, one must first
separate the pixels that have bare soil and no
vegetation. In order to calculate the soil line equation,
in four seasons of a year, images of Landsat OLI 8
satellite related to 2018 were downloaded from the
site of the US Geological Survey and 20 to 30 pixels
of pure bare soil were extracted by drawing the
reflection values of these pixels in the red and infrared
band. Red near soil line coefficients were calculated
for each season in the Segzi Plain.
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Based on BSCI index, lichen-dominated biological
soil crust are identified using at least VIS-NIR spectral
reflection and the slope between the red and green
bands compared to bare soil and dry vegetation. Using
ENVI software, the distribution shells of biological
shells with lichen dominance were prepared in four
seasons since 2018 in Segzi plain. Then, the prepared
maps were validated based on land points and the total
accuracy and kappa index were calculated in all four
seasons. The collected lichen samples were identified
based on their morphological characteristics and using
a stereomicroscope, conventional microscope and
common color reagents such as potassium hydroxide
(KOH). After applying the BSCI index on the Landsat
OLI 8 satellite image, using ENVI software, spectral
profiles related to 4 points of Segzi plain in four
seasons of the year were prepared and the spectral
reflection in four seasons of the year in different
points were examined.

Results and Discussion The slope of the soil line is
lower in the rainy season, which coincides with the
growth of herbaceous and annual plants, compared to
the summer season, which has the least amount of
rainfall, and the annual plants have dried up and
become extinct. In May, the slope of the soil line was
minimal (0.39) and in late summer it has its maximum
value (0.78). In fact, the slope of the soil line has
decreased from mid-August to May, and then has
increased with the loss of annual vegetation and the
increase of bare soil surface. The distribution maps of
bio-shells in all four seasons of the year were
validated during field visits and the year it was found
that the highest accuracy of the map related to the map
produced from Landsat 8 image is related to summer
with 94% total accuracy and Kappa index equal to
0.7412. Interpretation of the spectral profiles of the
BSCI index shows that the reflections of the spectra
related to the zephyr and strain prepared on the lichen
dispersion points are very close to each other and also
the spectral profiles of the mid-autumn and early
spring are quite consistent. Whereas in the faults,
which did not cover the biological crust, the amount of
reflection was higher and there was a slight difference
between the reflection diagrams of autumn and spring.

Although the reflectance values of a range of
agricultural lands and the distribution points of
biological crusts are very close to each other, the
spectral diagrams of all four seasons are very different
from each other. But in all seasons of the year and in
all places, the least reflection has occurred in the
beginning of winter and the most reflection has
occurred in summer. The climate of Segzi plain is
Mediterranean and precipitation occurs in the cold
season of the year. Simultaneously with the increase
of precipitation from the middle of autumn, annual
plants and mosses at the base of shrubs begin to grow
and reach their peak in early winter and again at the
beginning of spring. Decreases in rainfall have
reduced their density. If the winter spectrum has the
least reflection in all places. While in late summer,
when the annuals and mosses have dried up, it has had
the greatest spectral reflection. In Fasaran, which is a
barren area and a landfill, it has shown its maximum
reflection. Therefore, the BSCI index relative to the
percentage of organic matter has a significant error in
the detection of biological soil crust and where the
organic matter is high may not provide accurate
diagnosis of soil bioshells. Of course, since the BSCI
index is defined for the detection of throat compounds
in lichen tissues. The error rate for organic matter is
reduced to a minimum. As it has been observed in the
final map, there is no cover of biological soil crusts in
Fasaran and only soil biological crusts are observed in
the areas around Fasaran in the agricultural areas. In
agricultural areas, due to human intervention and
cultivation, the amount of annual plants is different
from the field of natural resources in different seasons
of a year have become.

Conclusion Spectral similarity of the most important
soil surface, including vegetation, the involvement of
human factors in increasing or decreasing soil organic
matter, bare soil, etc. limits the efficiency of the BSCI
index and therefore in the time period of satellite
images and regional conditions have a great impact on
It has the accuracy of BSCI index.

Keywords: Cyanolichen, Soil line index, Sejzi plain

http://dorl.net/dor/20.1001.1.26767082.1400.12.2.1.4

Please cite this article as: Kashi Zenouzi L, Kaboli SH, Khavazi K, Sohrabi M, Khosroshahi M. 2021. Spatial analysis of biological soil crust
based on Biological Soil Crust (BSCI) index. Journal

RS and GIS for Natural Resources, 12(2): 1-15.

15



https://ijms.ut.ac.ir/author
https://ijms.ut.ac.ir/author
https://ijms.ut.ac.ir/author
http://girs.iaubushehr.ac.ir/article_679274.html?lang=en
http://girs.iaubushehr.ac.ir/article_679274.html?lang=en
http://girs.iaubushehr.ac.ir/article_679274.html?lang=en

	1-f_Extend
	1-GIRS-2011-1875
	1-e_Extend



