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Avrticle type: Background and Objectives: Land degradation and soil erosion are
Research Full Paper critical global problems due to their adverse effects on agricultural

productivity, the environment, and their impact on food security and
quality of life. In recent years, the study of the effect of soil
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Revised: 03.14.2024 components of soil stability and stabilization has attracted the attention of
Accepted: 04.08.2024 many researchers. In the present research, it has tried to present new

biological solutions and methods in compliance with the standards for

curbing land degradation based on surface inoculation of soil-borne
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Soil surface roughness surface using image processing.

Materials and Methods: In this regard, the biologically studied soil was
prepared from saline and erosion-sensitive lands from the Incheh Borun
region in Golestan Province, Iran. Then, the most suitable cyanobacteria in
the mother soil were identified, selected, purified, and propagated in two
different soil salinities with two repetitions on prepared plots with
dimensions of one in one in the study area. In order to maximize the effect
of cyanobacteria in the soil environment, after 60 days of inoculation of
cyanobacteria on the soil surface, in order to process the image with
MATLAB software with different algorithms, the surface of the plots was
photographed.

Results: The results obtained from visual observation showed that the
morphometry of soil surface in soil with low and high salinity, the surface
of the soil treated with cyanobacteria was less swollen, and soil particles
were mixed than the surface of the control treatment. According to the
results obtained from the software, the value of the standard deviation of
the pixels and the entropy of the images obtained from the image
processing showed in the treatments with a lower salinity level compared
to the treatments with a higher salinity level. The mean value of the
standard deviation of the pixels of the images in the treatment inoculated
with cyanobacteria has decreased by 37.36% and 14.55%, respectively,
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compared to the control treatment significantly (P<0.01). In addition, the
mean entropy of the images in the treatment inoculated with cyanobacteria
decreased by 9.18% and 3.04%, respectively, compared to the control
treatment in a non-significant manner (P>0.01).

Conclusion: According to the results, it can be said that the inoculation of
cyanobacteria on the surface of saline soil can be considered to increase
stabilization and reduce the degradation of soil grains on the soil surface.
The results of the present study can be therefore considered as a
bioengineering approach for soil stabilization in saline watersheds, which
ultimately provides the basis for water, food, and environmental security.

Cite this article: Gharemahmudli, Sudabeh, Sadeghi, Seyed Hamidreza, Sadeghi, Vahideh Sadat.
2024. Changeability of saline soil surface due to soil cyanobacteria inoculation using
image processing. Journal of Water and Soil Conservation, 31 (2), 119-137.

@ (1) © The Author(s). DOI: 10.22069/jwsc.2024.22219.3715

Publisher: Gorgan University of Agricultural Sciences and Natural Resources

K



PEYY-Y+T4 il LS o @p
e SB g of cblis gl idgss 4 wid
PYYY-YVAEL 1 W LU = Ot X e g

L 2t s, (kR

SIS S5 5T bgiluw Zuili ) (Wb Hob S Thaw (5 P gk
Pgad o318 9 3l ool b

" sl Slsldlod s T sl Lo jumedew (Y 5 geess 5 4ol gun

Ol OB e Cws B b mle sl (el ke oS S5l Siagn )
gharemahmudlisudabe@modares.ac.ir :4sLL/,

N L o P PR P Pyt S R FE R P
sadeghi@modares.ac.ir :4sLL/,

Olnl OGS il mis oSils OGS wdign (3 odSEls GamalS 5 Gp (lige 058 Sbakiul Jgins ok 55 ¥
vs.sadeghi@iut.ac.ir :asLL/,

oS> e SleMb!

Gosore 2 LOT Cllaal Sl s a0 S Jile b 5 e e o 55 138 5 il Wl g g
Sl e i K (S5 s 5 ol Sl 5 O 50 5 Gy ams (giosliS IR Tl Sl
bl s St o @S Sl gen, WU s ol gladle s ol

OLS Sasn 3l ol 5 Sl ot 5 ol s glaadfe 50 S 5 S

_ . . T YAV s b
b s s s Siss 5 blSel) il odd s (ol sy 53 sl oo S Ll )
SIS Slag Slsiln b =l Sloe 2 el e A Dler o3 skl ile
2 SL b Ll Gl ey ol osd WDl oW 5 Lsd Sbe e s
wae g S Slag Sl il S Jodily Sl 5 addlaes, e Sl 4o e

(.',ﬁjg@)}oﬂ).aj U’:’)bﬂ)‘ Q}W\va\nﬂj‘)‘}«; Sk;-ch.wg';.”u.ﬁj‘_;)\.libf 1‘5-'\-15‘5\#0‘}

YAYIYE s b

YLV pdy )

‘;SL>Q§)|,\.3L1

J:{_ijﬁmuul.w}j)f;y\)\)\ﬁ)wbé‘)f&b—cbbu&)bL@&J)JJ‘JA Sl

T Shad

BT Y 6LAL;J“SQ_,JLW&J3WUAW.J&4¢@J‘)LL«JS/QL@\)A O ez adkaie | Sbt e 65

333 5 B 5T s lepal wolssl glulls Sbyol cbli= s gl Sl Sl
abn 3 Sy Kol b oeddeslel e S s LSS s L S csline g5
S om S b 53 bag SUgle 108 31 Slas ) glatesy s c.&l: asdlans ) 40
NBles b psal Si5la s sskee St mhe b Sl mdl Sl 5y, 00 S
W LAQJSCEMJ'I 6)l>ﬂu~.§.o@rlhl;ﬂwéu&)ﬂleATLAB

A


mailto:vs.sadeghi@iut.ac.ir
https://orcid.org/0000-0002-2008-1245
https://orcid.org/0000-0002-5419-8062
https://orcid.org/0000-0001-9715-9744

LSl s Sl b sy 3l 0L ety adalie ) adalise ol ilaaly
dald Jlad sl 4 Lol 8Lk bl =il Jlad Sl ol 5 05 o5
Sldde lsdle 3 Sl WIS Bl Gk 2y 5eS S ol S sean 5 e Sl -
o T T P P g T oL e = P Y] RPN WOV KM ER [P N
Skl Sl Jlde Sk Sote Gosd mhae U bles 4 Cad 50S 65
S Lo,V 8700 5 YV 5 5 a0 8Lk Lol 5 Slad 5o slad o oSy
A ke men Sl 4l tals (P<e/e)) s gme Do dald Sl w
Slod 4y Coed A3 V0t 5 ANA i a8k boedd =l led 5o 55 slal

el Cowddy Lals (P>+/4Y) D3 pme e Do s Sl

S d&”ﬁ s ,SL sl C:ilj oS 0k Ol5 e WYY @Lﬁ iy b S
D3 arsissse Ll o Sl gladliSls cy 55 LS 5 cul Sl ln o
Col Gl i f $2500s Olpsa Llg e o= hash @l o0l S
L Cdas 5 1 ol cual Colgns & 558 b 8 sl glaey 3 St

AS o goluas

il 5l iU jed S mhu g pdy s (VFT) Cloldloasg  Bolo Lo e (Bolo g« Jogemac,d :dlswl
MNANYY (Y SIE g of cblis slojingss  pgas (o3l p 5l eolitwl b 535 slas xSbgilw
DOI: 10.22069/jwsc.2024.22219.3715

(SN sy © 55 el e 5 5 g Al 30

"y



Oi5n 3 J3g05ea0,3 aligas [ o ol 31 U 435 S s (544

5ol Gl 3l gl a5l i Al (V) spd e
5ol Lo 5 sleml el 5 0l (g sl ge
e B il s e IS A s
Sy S ambe 8y Cews Sl e (o sd
FLSe s by 5 (SIS ann g &S 35d e
ol bl pde o 53 (4 5 A) 308 e Lt
S &4 ol s WlS e Cansy
QO) aes J;.xu Ol Cwd 5 (g3lail- elozs]
Os Cwslis 5 Ul Ol Ll o lul
Wle Sorm Slasse b SIS s St
Dl S il sl Jelge 5 vy 5L 5 O
3 80es 5 g wamer 5 I slse Ol (S5slS
ol SIS 56 0T slie 3 SE Dbz ser,
O

BlY wbv&zg Clz.ﬂ Sl ) A g
ozl dagg Sl dagg Shglw (S D)3 mad
L f}; Sty &S ey laosst PRy
5l d b ke S calis L o4
OY) ol sali LB lsasol Ciliies bl
b Ky &S Kes Slagrsen; Sl 8y S
O Ol Sl o 5 o3 S Lae a0
5SS b s ol ez 3 e
GiS Sl g,y ALl S (ghsdel>
so3m BLEI s oo b it 28 5 polis D) ok
Sl s aky Gl sdke slp Gl esdle
03 Sl ple @l e kil (Kdes
(8 5 Ll e o2l s S VL e
S Olpeay S s glaaiag 5l eslanad
(3P S sse sl R sl B
S sl Sa Sl b s med
Sl S e il 00 S spd
(10) &S o o slio

1- Biological soil crusts
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Figure 1. A view of the study area and sample collection in Incheh Borun, Golestan Province, Iran.
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Figure 2. Example of the microscopic images of inoculated cyanobacteria.

DS 53 5l s een & s b Sk 20
e b gl Sy Sgma A eslind
aolas wslsl s sed esls Ol e S
Sl bs gl sy Dok mpe Dy poa eldag
Sy 00 s 00 SSE Ll 5 il s
5 oS sl @ a5l e Sl w8 A
GASE elide 4 Olle 5w 5,5 Jsl 8 o
3 ks L (Yoo U an sy, Clw L)
0> s slae Sl 5 s 81 Jlass ol
Slapin S 51 55 5 A aloe g 1S bk
wlis  4lea Entropy filtering , std filtering
Sl (0T A eslind sl e
53l 5w a5 sl bsles 3l eddeslal sl

JOWINEPUE St

wy

Al S el b s s ol

s> il (2,80 s i s MATLAB
CatS b psead agd 4 ool Il b (i3,
Ga el o alin g5 cmle Ll s 5o 5 VL
3 e aholb Sl dslate 55 5sm s o 4 e V)
s oAb S sl Sl ses SUE by ool
b s e sl kil s Sl
Sl Al 3l il Lol Gl L 1SS
gl el e s el e babSls
GIP e otk Bl a5 B LSS L L)
I3 2 ek ety SOl Se S 5 L
53 Ll G0l e & s g ol OS] wililie
TP VS PPN S IC SRSV S 98
Ml ar g Ly i el UL LS
Cte G S0l ot 4 S eld ag psla



VLY Y b)lm.:} AR 8,92 SB 9 A,:i cblis dlﬁwﬂs}‘,{

Sk 5o g SL Sk s S dals les S e S sk Hles S dald les
oS o oS ol 3L oss b 3L os b
Cyanobacteria treatment ~ Control treatment in soil Cyanobacteria treatment ~ Control treatment in soil
in soil with low salinity with low salinity in soil with high salinity with high salinity

glite 5558 pla 93 55 Aald 5 S Sl b odd mdls SL e 31 eddasbel gLt 45sel ¥ K2
Figure 3. Examples of prepared images of soil surface inoculated with cyanobacteria and control at two
different salinity levels.

s e OLES 1y ol e b s JuSCy sl L oiSl sl o S polas Il
Tt P R C O MR P S eSS YOO b io 5l iy sl
Bl s e S 5 Bl e o sl ey 5 JelS b, YOO e b dd
Colae Sl 5 Blis sl | colee SSG e 3 K LS S S5 L ho e U
by @l s e s 03 s Sy 54 kel Gldsy Cad Dol ol Sstes
L esly Gl IS 5l ses de Oy oy s Laf‘ﬁ}:m_.h B L - ey

6{}&.&)@)\‘00 L?JA.\,&)‘ Lﬁ‘u‘})daﬁdﬁfb‘

IR 5 0L e 0 Orhe D ¢ e

o L e R ML ” s st o -t
p— 1 - il 13" : ‘.

Culeularng Histogram of ihe imags
Sanl 0w 1 ——
[T TR R T Y O T T

Pt et desidon M e g 1T

RN AL

Puw e s g w P g e

Ml S e 1. )

Ishtilt

MATLAB ,18lp5 55 p s 3315 3 sdelcmnsay gl -1 JSo
Figure 4. Results obtained from image processing in MATLAB software.

YA



Oi5n 3 J3g05ea0,3 aligas [ o ol 31 U 435 S s (544

Sy 5 Sy, S o Ldy S e s Sy W
(B0 5¥A XA X)) Wl e ials S il

G Sl sktea (bl pes
S ) 5 YALY) S e s bag SUsl
S e o SUgle il 5l 5, 00 i
Sy ek sdalis Sl edalasa =
o 5 LS b eddmidl Jles S s
LS s a8 sl Olis Soslie slag,oi o dall
Sl e (o len 5 a5 Shee 0/1) oS (5558
I Sk Lol =l jlas 4 Sl dals
JKa) cals Skl LS:@)V.M{ 5 S
Fo Sost L S S gl e (T
@ Camd Lzl 13 e il 5 uies shes V0/8)
- mals 13 56 Goss 0 &S Sled o
o adl il 65 ke s S S s Suick
e (6 SLsilw Lol adlS Sled 55l lasles
Lali e 4 S S Shih 5 Ko sene
7 U5 35 oS

sl oSy solbial Gl sl ol fags 5s
GRSl (gdadss Jlae Ol L s
S sl Sl s S Susl,
s Ol e 51 (olms Olpoa Ll5 o 5 das e
Bl s s sdslowsa colee WS
Ui Sln Glns 38 s K a1 25
ol IS Ol ply el g geal O35 (Bl
Gl aliSlE ol Sy s oS
Sie pslas o 5T 5 s b Sy sl
Ll Lol ade Candy 4 Sl G50S
sdeliosts s @ a5 b il axdls Sl o
5 s sl Sy skl Gl O Jade s
Looeddmdh Jled 5o 35
ol &S el SoS dald Jled 4 S 6 SL S

o.\.aTg:,M;A.z

alS ol s 5 ke s b el s Cadles|

NG

"4

Slaalio pbal lea igybl  (gla flos
Osasl 31 eslazal b Laesls 05 Jlo s ol (g el
L db s glaesls s ) Shapiro-Wilk
Glgio bos Vel b a5l eslind
SRV VT S PR P POX S (U W
S S Ol 3 sl K D05l oo ea
Sl A e besls e sa 2 a5l Slas e
Ulper p3pS e s LeVENE Osal 51 it o
Ogo3l cnpmalie 5 Waosls 03 Jbo 5 4y Sl
Sl S e A eslindd VS slaesls (gl
sz waiz b lab
don L5 plonil i T 05030 ) eslinad L e Sile

awslde

53 Laesls lloisa 35 sl B53 ool sladga
A el SPSS 21)55((;}3 La

Asdle b s A5l s Sl Jels e
Sy ombie s Sslise 05,80 = L MATLAB
Lol 5 osd S mhu ol 5 ol alie
oo als sl 5 6 Sl bedd =l Hlad 9o
SOVY dader 50 ST 5o b S o5 mha 52
RGI P W

Gy € L35 0l (V0F) sl 5
Bl 5 ks elom Sl SV &t
5 S gble 3 b Lald s Lol sk
5T0) ol Laoylia b Laans o Ygame Sistans
bros mili L Ol e 1y bk Oles odl=plls .M
Ma s S sl il s atnyy slasi S L Sls
iy B Sifdes 5 S O8lees o
Slaaingy anwg Oloj e (V) sl 158
5> Lol 4 ekdesls sblse 55 ege S e
Loy Sl sl cbli- sl S
) Slaaasy e LS psbay (o SUSL
b 50 Ske & lags ,SU sl o ol ool a5



VLY Y D)Lo*:? AR 0,92 c«Sl&g &,’i cblis ‘_gl.hw.@sf

e 33 55 aLs 5 (S gl b sadimdls slajles 53 ilise slag; S & MATLAB Ji58le 5 51 Jole gulsi =) Jpobr

gl 5,48
Table 1. The results of MATLAB software with different algorithms in treatments inoculated with

cyanobacteria and control at two different salinity levels.
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Table 2. The results of the significance level of the paired T-test on the standard deviation and entropy of the
image in the plots treated with cyanobacteria and control.
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