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Figure 1. General view of the study area and soil collection location in the west of Lake Urmia, northwestern Iran

SB maw )l oladges ilejl bl (V)
ar Sy ide Gapadll plie e g 0ad Cudly
HAE Sl ) slbdiangy S (5l S
WLl 4 plasl ladiges - Jido, S (clgime (g pSojluil (¢lp
Slyome S 25 S (gg) hatec] e g (2900
Sl bl Gl g g 0l il dee Ve il sladly)
aiges @d B Vo o 4y (488 )0 593 Avev) Joud il
asd A lod cov gl buse p addy @ s
a0 ke bod ol 5l e g os 03l 13 ugsade
Ll (eSS el Y Giedy ooy b 31,5 ol
FEO zoo Job 50 yiogidgiSml olSuwd I eslitul b
oxd silelin 5 Syl Jsloua CIE f3e cyiagl
alayly 5l eolazwl b coles 5o (D) Bad (5 pSe 0l ladiges
oialejl sladigas - Jidg)lS (lsime pe5s 4 plaBI (1)
2 ol dbul sladiwg Cwlbus suSejlul gl (V) A
L oaw sladised cuiby 4 plidl Sldlas olaleys
Culbus (6550310l s 9 (6500 pdises KasB I edlit!
i)l gl b Yl o b Jiowd pdsS Gk gl
SWlas olajlod i diwg jidle 5 SB il Jlas]
(SEM) (sig) 5955V CoSwnSe gl ad & pldl
A5 S sladiges ]
(1) 4

Chlorophyll —a = (11.9035 x A665, X

V) x (gsoil™) x L

A Job g Pl o cipa L g Vodal) ol p o
Jloy 2] s o3l 3] g ol > A8ko il
9 oy Shapiro-Wilk ;se;l ;I oolisel b losls o34
ald Jlo ooy 390 Slaadlie (sl pSShe duolie
1 Pl t a1 oolizul U (2l iSlgleo le ol 5
(V)

28l jlag 3 = o IS clale liue a8 sy LS muls
5 5 05 2 eSS VT ke s g b

L S Lgilew el crlo (g 5Lwodlol g (5,1 p1aig0d
5Vl paiges a8 adllas 390 adlats (it sl
b Sbgil gl sl g cuiS gl o35 Ver oty (s
Lgl.md).u L bﬁ&ﬁl)x u.)'.e(v digod (\a) W wlax
(s o gl SB a5 V1) Jitie (6o lo cuin
S s 53 (yoyia o Sl 58 (sloJo¥ g 005
Gilelis 5 S @ Pl e s pleils
osas CiShe )l odlizal | SB laShgl
sadsillis gl ySlglew 5 oas (Y) a5 CHULO
LgLo..\.fbl) )0 04D )5.) ‘_,’J»LJ.»CADU) Lthu;):s u»l.w‘):
o el jo (V) sas plelis Bergey awlis oS
Nostoc sp. (sl iz ilaie SB slo xS bgiluw Cunex
o> ) udls Glo 4 (¢l 5 bl Oscillatoria sp. 4

(Ve) 2 585 (d 2 p )5 VB 0L
[EYRV 2N W SVCT 3 K PO -#) V3 B4 §ES

caby SB oo sladiges ¢u~.»Lo)] sl sy
Slo i 4 dog)l axlyd 0ad S gl I odd
5 odlawl dy50 9 (b Livleyd (guSoilil 5,k
Bos 5 02y «Job Sl b ol (gilwand bl sl g
ek Bl b golbae 5 Jate poilo Ve 3 ¥e 0
polbs imgh oS ol 1 msas edbl g canaY
S pSojlul Ban b 03ymS cdagh )b Su L plejen
Sl 1l plsl ) gladiog @b ile)
b calite (imggy ol ) ool 3)90 (aiobod (Sl iw
390 3L jlwdnd by > s @55 Joee ol
Sl olilinl b sillas g yoS0e aidgh oy odlitwl
bbb gl Glo (w005 OBl o3zl 3)50
g 0y by ol ) Jolee Cogoa oad ool
Soy &rorie gy Sy e a9 ) p)S VO oy
1455 gy WY+ g 0l (gl SIS A b b g b


https://dor.isc.ac/dor/20.1001.1.27174425.1399.1.1.12.1
http://drnl.sanru.ac.ir/article-1-159-fa.html

[ Downloaded from drnl.sanru.ac.ir on 2026-05-05 ]

[ DOR: 20.1001.1.27174425.1399.1.1.12.1]

Yo

00 ST S a5 o Sbgils oy Sl Ly ol 5
S 008 ged (2byShgle s sl Sl Ly
SpSoilul 4l p @ye e p JgogSn O dgd ol (e
soodle 1S lgilis g Loy Sloed 3 (VF) Cal 03
ey JB e (ol (St Cuols I 5)13)05
o aS adg ((F) alby Sy oy YY) 3]90
Cise Slge el (STl g iy lail 3 (glosyl 3
shsby lgze (Rl s SB Shgsany b il
spiiee LA ool Jhll 4 e o5 aush SK
b sls GLLI )5 ablrass clony,Klo L (V)
23 Bl 4 1 Sl Jlsil Lyl 35 2l 55l
JaisS oo wolid |y SaSie )y Jlail aoxss 3 9 S
cdadlre & oo o Jsho (59) aBlgens Sl 5« )b
(o35 b e i Sy oSl

5.0 -
— a
S 45 1 @
© 404 O
(@]
= 35 -
& 30 -
c
8 25
T
E‘ 2.0 A
g— 1.5 1
=< 10 -
@)
0.5 - b
00 ——— i T "
Control Cyanobacteria
Treatment

Biocrust thickness (mm)

WA il g 5l /Y oyless /gl Sl / i (8] sls 9 s 550

gy BB LIl 4 e oL Shele il « Jb
JS8) Ab g pSoilul oSy p)S9ySee ¥IVD )l jlade oS
Slatugy 5 Syl o355 e sxmdls
role Gimgh slaaBl nlply (V) MSbie (i
e bl 4 e b S bl dle l a8 oy L
Aol > s pS bgibw ol 00 Bl driw gl sy diwgy
@ gopd Caopwdy (SB gaw >l 5 mdl 5l e
7o b Jolwosgn syl dlge J) (3L polie b
lgizme (5380310l (V) WS o 058 0355 j > duo
2 pywye SB)loly 5l (S () ladiog bl
b Sbgilw (Johocygp Gl g 0395 j Gliee 259l
JB Ll Giags cpl 0 a8 (V) Cunl S pdaw )
ey A owalin - Lds)lS lyme j|  gas
IS5 Syl Jsloogp B> 5 oo

3.0 1
2.5 -
2.0 -
1.5 -
1.0 -

0.5 A

0.0 -

Control Cyanobacteria
Treatment

Sl aole s 0 9 b (sbo ot 53 () (S gy Cuolsed g () - g IS (Slgiom Slyeais =Y JS5
Figure 2. Variation of the chlorophyll-a content and biocrust thickness in the treatments with and without of
cyanobacterial inoculation

Ldd o Ngm mads |y S @l 5 il poruio aSub
lad 08 n pede LLyShgle laais, (V)
SB ol xSl g buws 4Y S SB s
Syl SB maw g5y jodee dw U S Culus |
SB ) diwg Colus ioldl 4 e &5 WS
(IWE) L9 00
bylys 0 SB s jdiiwg cwlus wliel (LS 5
bul Gyl g S plad daySlgle gl
b sl Iy SBaly w @olul 5 s sla Jla!
gl g2 8lody wledy Gl 5l o5 (o ¥ JS3)
(V) Jlssssis b slased laans; oisa 5 (V)
01 S5 (hun jalargy 4By o g s (sl S bgilew

09 9 b slajless 518 duslie 5 (5 pSojluil (S

(o) atogy calbis o o plai Qb ySlglw s
p5) sinsho <100 guils g Ll 53 (0 ¥ S5) S
b obdiog byShyle il b 45 s3g (dtwg bl
JSC5) s slool SB mdaw (3 e Jeo YV g0 Cuolbus
GIB pogde abyShgle mdl plply (Y
Gho)d YA iulisl 4 o «SB mdaws Judg IS (glgions
5L Ly lagBilepy SB > dlwg cwlis
(S ln S ligls 31 (5ol 015,53 (Sebls LS 5
NOStOC ) yobs yidgh 53 odlatwl dyg0 (glo yui 0319 4
039 slans, slaplul (gl)l> (Oscillatoria sp. 4 sp.
S5 9008y dewgy SB lyd o (glad o a5 (V)


https://dor.isc.ac/dor/20.1001.1.27174425.1399.1.1.12.1
http://drnl.sanru.ac.ir/article-1-159-fa.html

[ Downloaded from drnl.sanru.ac.ir on 2026-05-05 ]

[ DOR: 20.1001.1.27174425.1399.1.1.12.1 ]

g @byl mill pslod b aBlicn 55 (lagiSlops: 53 () ladiog bl 5 olx

5 (1)) 03,8 sl 1y S5 by S St ¢l Layl i
) SB maw b g eses ks laY coles o
{F) o o JuSits

sl pa 5 () o STl sl Ly o S 2 sl )

(¥ J59) 25 osmlie Slglho g b loles
O lad o)) dewss Lg;)lo S Sl slaacs,
Colgs 50 9 0ad SKdSHd byl Jlail 4 e Sl

aar

S bgiln le gl b ok LSS digy i Y IS

) ) ) o) il pg alps o S _ _ ) )
Figure 3. Biocrust formed by inoculation of cganobacterlgl (), binding of soil particles under inoculation of
cyanobacteria (b) and un-bonded particles under non-inoculation (c).

S sasie slajiie 6ol S 53 L Lulys
ol (5790

FLY H\/‘D/‘V\ SL (2% C)Jo 5! T e dJlio u)l
Sy9ld g bR Cigle 0j> (Jlo Coles g gt b
Il aog)l dnbyn Oldllas suSiimg}y )d duegyl oKl
S9ld g Limgh Coglee I S0yu8 culps 1wl ond
Omaed 9 dsagyl 4l > Clalllas 0aSii g} dung) oKl
) dreg)l a2lyd Clllas 0aSiinghy Conyj baeo pols 09,5
@L‘w 9 L’S)‘”L&f oasih S pole 09,5 5! JERCE 23,
oBialojl 5l grieopy Slp Awegyl oKl b
D90 () Bl Cales (b Lalw 3 (6 S0l

sboBilopg o Sbplis pole iagh sl

Gejslbdlog Sl Gl n pae b wag
Jolgs ply 2 @YL )L 5 Comlues wBlang
5 e Cuwl Lay A e &S Al oS
2509 b bl plre lagBilepy,
by bglus @l sl bl jlwdtn g
GEeR 9 G jdioy 2by mre gals dome Bo)b
Coolus J—J,.é”lf L5|9:'>°° 414.3- )‘l Sk d)l.p.l;: 5 ).s‘}o
il Wl g2 g JB O jgon sloydipm Jlasl g atwg,
slapBilopg > lodtogan; > 2bSlele
2 eSS slaialojl pbml (Jlocpl b0y anlb 1) g
2 el Hely Sl Bun b alpe slacishl wlide


https://dor.isc.ac/dor/20.1001.1.27174425.1399.1.1.12.1
http://drnl.sanru.ac.ir/article-1-159-fa.html

[ Downloaded from drnl.sanru.ac.ir on 2026-05-05 ]

[ DOR: 20.1001.1.27174425.1399.1.1.12.1]

WY

> wbd

10.

11.
12.
13.
14,
15.

16.
17.
18.
19.

20.
21.
22.
23.
24.
25.

26.

27.
28.

WA il g 5l /Y oyless /gl Sl / i (8] sls 9 s 550

o
Adessi, A., R.C. de Carvalho, De R. Philippis, C. Branquinho and da J.M. Silva. 2018. Microbial
extracellular polymeric substances improve water retention in dryland biological soil crusts. Soil Biology &
Biochemistry, 116: 67-69.
Andersen, R.A. 2005. Algal culturing techniques, Elsevier Academic Press, London, 578 pp.
Belnap, J., BJ. Walker, S.M. Munson and R.A. Gill. 2014. Controls on sediment production in two US
deserts. Aeolian Research, 14: 15-24.
Bowker, M.A., J. Belnap and M.E. Miller. 2006. Spatial modeling of biological soil crusts to support
rangeland assessment and monitoring. Rangeland Ecology & Management, 59: 519-529.
Castle, S.C., C.D. Morrison and N.N. Barger. 2011. Extraction of chlorophyll a from biological soil crusts:
a comparison of solvents for spectrophotometric determination. Soil Biology and Biochemistry. 43(4): 853-
856.
Chamizo, S., G. Mugnai, F. Rossi, G. Certini and R. De Philippis. 2018. Cyanobacteria inoculation
improves soil stability and fertility on different textured soils: gaining insights for applicability in soil
restoration. Frontiers in Environmental Science, 6: 49.
Garrity, G.M., D.R. Boone and RW. Castenholz. 2001. Bergey’s manualof systematic bacteriology. @™
ed.). New York, USA. 1: 173 pp.
Harvey, R. A. 2007. Microbiology. Lippincott Williams & Wilkins, 395 pp.
Hassanzadeh, E., M. Zarghami and Y. Hassanzadeh. 2012. Determining the main factors in declining the
Urmia Lake level by using system dynamics modeling. Water Resources Management, 26(1): 129-145.
Keesstra, S., G. Mol, J. De Leeuw, J. Okx, M. De Cleen and S. Visser. 2018. Soil-related sustainable
development goals: Four concepts to make land degradation neutrality and restoration work. Land, 7(4):
133.
Kheirfam, H. and F. Asadzadeh. 2020. Stabilizing sand from dried-up lakebeds against wind erosion by
accelerating biological soil crust development. European Journal of Soil Biology, 98: 103189.
Kheirfam, H., S.H.R. Sadeghi, and B. Zarei Darki. 2020. Soil conservation in an abandoned agricultural
rain-fed land through inoculation of cyanobacteria. Catena, 187: 104341.
Kheirfam, H. S.H.R. Sadeghi, M. Homaee and B. Zarei Darki. 2017. Quality improvement of an erosion-
prone soil through microbial enrichment. Soil and Tillage Research, 165: 230-238.
Kheirfam, H. and M. Roohi. 2020. Accelerating the formation of biological soil crusts in the newly dried-
up lakebeds using the inoculation-based technique. Scince of the Total Environment, 706: 136036.
Kumar, D., J. Kviderova, P. Ka$tinek and J. Lukavsky. 2017. The green alga Dictyosphaerium
chlorelloides biomass and polysaccharides production determined using cultivation in crossed gradients of
temperature and light. Engineering in Life Sciences, 17(9): 1030-1038.
Lecomte, J., M. St-Arnaud and M. Hijri. 2011. Isolation and identification of soil bacteria growing at the
expense of arbuscular mycorrhizal fungi. FEMS Microbiology Letters, 317: 43-51.
Liu, J., B. Shi, H. Jiang, H. Huang, G. Wang and T. Kamai. 2011. Research on the stabilization treatment of
clay slope topsoil by organic polymer soil stabilizer. Engineering Geology, 117: 114-120.
McDonald, J.H. 2015. Handbook of biological statistics, 3rd ed. Sparky House Publishing, Baltimore,
Maryland, 305 pp.
Perera, I., S.R. Subashchandrabose, K. Venkateswarlu, R. Naidu and M. Megharaj. 2018. Consortia of
cyanobacteria/microalgae and bacteria in desert soils: an underexplored microbiota. Applied Microbiology
and Biotechnology, 102(17): 7351-7363.
Ritchie, R.J. 2006. Consistent sets of spectrophotometric chlorophyll equations for acetone, methanol and
ethanol solvents. Photosynthesis Research, 89(1): 27-41.
Rossi, F. and R. De Philippis. 2015. Role of cyanobacterial exopolysaccharides in phototrophic biofilms
and in complex microbial mats. Life, 5: 1218-1238.
Sadeghi, S.H.R., H. Kheirfam, M. Homaee, B. Zarei Darki and M. Vafakhah. 2017. Improving runoff
behavior resulting from direct inoculation of soil micro-organisms. Soil and Tillage Research, 171: 35-41.
Sadeghi, S.H.R., L. Gholami, E. Sharifi, A.V. Khaledi Darvishan and M. Homaee. 2015. Scale effect on
runoff and soil loss control using rice straw mulch under laboratory conditions. Solid Earth, 6: 1-8.
Strauss, S.L., T.A. Day and F. Garcia-Pichel. 2012. Nitrogen cycling in desert biological soil crusts across
biogeographic regions in the Southwestern United States. Biogeochemistry, 108: 171-182.
Verma, E., S. Chakraborty, B. Tiwari, S. Singh and A.K. Mishra. 2018. Alleviation of NaCl toxicity in the
cyanobacterium Synechococcus sp. PCC 7942 by exogenous calcium supplementation. Journal of Applied
Phycology, 30: 1465-1482.
Visser, S., S. Keesstra, G. Maas and M. De Cleen. 2019. Soil as a basis to create enabling conditions for
transitions towards sustainable land management as a key to achieve the SDGs by 2030. Sustainability,
11(23): 6792.
Wang, W.B., Y.D. Liu, D.H. Li, C.X. Hua and B.Q. Rao. 2009. Feasibility of cyanobacterial inoculation for
biological soil crusts formation in desert area. Soil Biology and Biochemistry, 41: 926-929.
Williams, AJ., M. Pagliai and G. Stoops. 2018. Physical and biological surface crusts and seals. In
Interpretation of Micromorphological Features of Soils and Regoliths. Elsevier, 539-574.


https://dor.isc.ac/dor/20.1001.1.27174425.1399.1.1.12.1
http://drnl.sanru.ac.ir/article-1-159-fa.html

[ Downloaded from drnl.sanru.ac.ir on 2026-05-05 ]

[ DOR: 20.1001.1.27174425.1399.1.1.12.1]

Degradation and Rehabilitation of Natural Land Vol. 1, No 1, Spring and Summer 2020 .............ccccceveeieeenriieeenvnennennn..... 138

Creation and Restoration of Biocrusts in the Degraded Ecosystems
by Cyanobacterization Technology

Hossein Kheirfam! and Farrokh Asadzadeh?

1- Assistant Professor Urmia University (Corresponding author: h.kheirfam@urmia.ac.ir)
2- Associate Professor Urmia University
Received: December 3, 2020 Accepted: December 26, 2020

Abstract

Human-induced land degradation often lead to desertification and then emerging new-born
unstable ecosystems, such as dried-up lake and, or wetland beds. Therefore, accelerating the
self-restoring time of new-born unstable ecosystems will lead to the achievement of sustainable
development goals. Accordingly, this study planned to evaluate the possibility of using
cyanobacterial inoculation technology to create biocrusts in the Lake Urmia dried beds, as a
new-born and wind erosion-prone ecosystem. To this end, the bulk samples were taken from the
Lake Urmia dried beds, and the samples poured into the erosion small-scale trays (with 50, 30,
and 10 cm length, width, height). The existing cyanobacteria were selected, purified and
proliferated from the soil origin soil, and then they inoculated (1.52 g I') on the trays. After 120
days, we measured the important indicators of the biocrust development including chlorophyll
concentration, thickness and aggregate stability to assess the extent of biocrust creation. We
found that the cyanobacteria inoculation improved the chlorophyll concentration and thickness
of the soils by 57 -and 2.89-fold, respectively, as compared to the control. Assessing the
scanning electron microscopy images from the soil surface also confirmed the ability of
cyanobacteria in increasing the strong bindings between soil particles. By and large, in line with
the objectives of soil conservation, our inoculation technique was an effective and rapid way to
control land degradation and create biocrusts in the new-born unstable ecosystems.
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