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Fig. 1- General view of the study area and location of soil sampling for conducting the research.

Sy Ve Boad 38) sy 5 0y s SL ciS sl
31 e (Cappuccino and Sherman, 2007) ol dus
5 oblo gy il e Sy 00 38, slaced 1 oS o
Jettetal, ) spdoleazel oldl Gaa b 1SS o0 b
sl Coled )0 9 Jite 54 slad )b 4y (1997
alfla> &)g04 TSA 5 Nutrient Agar  oges S
50 Cele FA Goeay g aisy, g gl o
g a0 YV glos 13 5 (a8 ) 75355l

(Benson, 2002) uis (5,10
sl S jled 5ibsSl 5l s sl b zo S 5l
Slwlbiwl lagty, al o9 Aled aBS S
4 S a5 Sy, b, Les (ettetal., 1997)
I IPRCIVX P PAPCT O I PP JNRVN JRCRS
doazr gy gyl mhe I gL G olS ol
L 5 (El-Bestawy et al., 2013) oo "p,5 (550l S5,
29 b bl Gl b alacsSug S 5l sslanal
slesaly 5l gpSope 5 (ol sl Shy wb
sl xS (Bergey and Breed., 1957)  owlisg iSL
Al glelld w5 oolgils w0 S 0 05z ge

"Incubator
"Gram stain

oS s luxe g 3lweskel g ool
5 Sl ke gy gl gt
S Glesszgen, SSLe derse sle Syl
slecis Lo 5l oolawl 4y pladl gy y 090 ddlate
s Sl 5 s xSL (Ehlersetal., 2008)  og0s
bezo jl oo o Lol ¢ pslaie nl 6l ol 5551
S sl Sl 5 LSl eses slaceis
5 0Skee 5 oS L cules 53 5 0ud Dbyl g o
ek w3y Tyt sl 5> U5 olies w0y Jyhite
5 eyt Gk glbger 1 gl s
Cebl Grzes 5 Gog oladdl (S e S Ll
B obsl bl o Fombie (bl agd g (wyiws
s Bold Basal  oges lacis e coly o
gyl g s sl (Andersen, 2005) CHU10
Nutrient Agar eges cuiS slalae o b 2Shgilow
(Lecomte et al., 2011) '"TSA 4 (Lutton et al., 2013)
Ary Sl st gl ocas sl
T B WO R W/ B0 SR KV v P S LIPS owRs
SE sleaiges 5l 05 Sy o ages ciS slalae

Tryptic Soy Agar


http://www.sid.ir

V) F colidipg ),5lis aloes (VWWAQ) ), 4 o8,

YA

SE 5l oo paiges SIS crl plxl Sl
9 u..S)J sLs)’LwoéLo] Sk L_SLQ:\.vg.o..) Y] 0)5.0 aalaie
sghy, ab » bySbbe 5 st oluls
50 28,5 bl IS oy, 50 0ol &Il =05 4y g o lailial
GASL W5 A ez 2oyd g led (owyp (0
Y+) Pseudomonas sp. «(ss,s> Y0) Baclilus sp.
Azotobacter sp. «(as,s \+) Arthrobacter sp. (s,
«(aeo,5 O) Diplococcus  sp. (o, YO)
ASlgilw Huwiz m 9 (0o, O) Streptococcus sp.
(a0, Y+) Oscillatoria sp. «(ss,s Y+) Nostoc sp.
5 Aphanothece sp. Phormidium sp. Lyngbya sp.
Vo J5,0) Xanthophyta 4 Diatoms ;! -yguST Lo
ool ails ddhio S sogzgey, SOb 5l (aoyo
b s St Sl (sl p 5 590 sla)lne (o) 2 2 ol
<l s Sb bl o e 5 wieoge sl Sl
0ol lulid sl xSyl 5 lag S I (glaiges o
5 LSt 5l S e b SRy 9 YO JSS o
oads BIIY 5V sl Jouz 0 e b iSbylow
03lgils g o i o Shg ded cw,yp Coles jo .o
SE o byiSlsilew 5 g 2L gond plubid sl
dlo las haissge slajlne 4l p (o p 990 ddlate
AW @L...:L_w 9 C‘)?.L:.MJ‘ B e sSL ol aS
o= 31 Bacillus subtilis o4,5 4 Azotobacter sp.
5 Nostoc sp. ;.5 b, xSLsilew 51 4 Bacillus slaases
A oy 0alol sl Lxe 4l 5 Oscillatoria sp.
cbli> o B sbegzgen, (ricmle olye
aw; opl ,0 e Obl LB Ol Sl
;) Oligotrophic slas,:SL 5.5 HuiXia et al.(2007)
S o olde olge 855y yieS L Bacillus sp. ale>
S SRy Sy Slp clie Jloms 5L plprea |,
WS e G gkl S as
»Sbglw zal Maqubela et al. (2009) ,oren
ol el 1, @yd slelias S 4 Nostoc sp.
Ol 9 b S g,laul il wdss o o Slas
3o Prasanna et al. (2012) .ailaiiils S 0,8 Couis

S S Sl alulid 5 gl jslaieay
5 i S5 an b s sl 4 Sb wse
sl idhe i Olzeas CHUL0 4 Bold slaccaS Lo
.(Hameed and Hasnain, 2005) o adlol lagla

o Sholw lulid 5 b joliteds (pizees
Sl 9)3 )3 5y Voo Ve sla Y
Dygods g 0jg; VO (Gloy o3l )3 g edd anni )%
Vb slalaz (g b slac sy See 5l osliinl b ail;s)
slalosal; ;5 oudoly wlididn, sla Sy wb
Buchanan and Gibbons, ) Bergey  owliss,iSL
was slulis (1974

9 L SL cube glagwa il g ol
(o S ygileus

syett B9 b b Sl 5 lags Sl (il3dl 5 ol
bz 5l Gilize slo S 4l 2 S i sloailsa
PH (ales Lulpd o codld 5 Gl (Sleowsy olss
Sk odiz Slge b 5 ol «dlide (S g Susb,
Gl S sy ST (@laSl ab) (e Sl
Lwg oolinl BB slacdls a4 ol olse oS
25a> 0 e Sl g ol ad ) dasggarn,
Luls o Ll 2S5 5 gl ysenl walises sbls ;s ol
5520 5 ol sl 9508 T lom eizees 5 (2S5
Silwpalls poliieds s (ZEpdy Djgo ladgrge
Gl aly »ooad Sl g pluld slag xSt
Azotobacter  olais! cuiS slalaow 3l wadol
Schrey )DSMZ1 4 (Atlas, 2010)Agar, Modified I1
ol ey & b ySlgils b oolil (etal., 2012
Bad il Al Al pe paiz o b oS g T
yokie 4 ol ,o (Hameed and Hasnain, 2005)
Sl Sl 5 b, Sl @il o35 53, IS
5 Sl Gl & w00,iS zsha o sad Sl
Sl 1 el pladl ol el 5 pze> jo e iShgilew
Sy s LBBroth mle olié Lame 5l o Sk iolidl
5 Bold mle S slalams 5l b iShglow 2yl58l
1o S Lglns 5 b 55T jskaie (ypy s osliul ChULO
Gl 4 (G oifa Gslsmg S ooy L
Jite spd o Yore g Voo Do Nee B gl
JUl bl 5 ceslin Jlads & omsy Uy y5bas
A b yled dials Zolaw 4


http://www.sid.ir

Archive of SID

AR R

= bSB Gsgrsen, (bl 5 plulis

i 54, Oscillatoria sp. ¢ Nostoc sp. sl xS Lgilew
5 MOV Ty /BT EVO Tl gl ey 0
I G2l VY s, bl e ) e sas VAKX Y
Corozr ial3dl Gl a5 el )T slisF b is,S
wedge sloShgilw 9 oL
5 oSl mal W ocel wwlb o, alKaslsj
AT LS lgredy S (St dtwgy 4 b i gl
5leolainl booo S pohw 0 Sl g s
(@) i3S S sl alex 5| olags,sld
o S2gS sblenlss o (Wang et al, 2009) ol
o], Wl o (Sears and Prithiviraj, 2012) sl

Ll o

Coro> u..u|)3| ‘_g‘).g (5.>La.';§| Ags L 9 ‘_goﬁ)lf ‘cs"k‘
5SS 50 bl o Shee 3540 5 SSB sloogzgein,
s S cd,ue s Llb g eop Sl
Sdgzgen,  (uizes ~°)5T ool 1 Sllg,
Sy g Al Ojpea cal Ol S
FB b g sy eaiiS et ogul oy sl 5

{(Prasanna et al., 2012) aily oo oolain!

L bl S 4 Anabaena sp. :SLglew il
ilosls sleaiion 1) (59,08 Gl 9 0 ,Sae iul38l Bun
FSlglw g lag 5L &5 ohngl sloatidn 4 429 L

55‘»&)&0@@5&4\;9“&_,)5@«&

oS sleanSowss op)lS g wdyg Ojgy0

5 Sty ALE |y gy (S0 EapslS (glagd 905
5 LS ogul i (il )98 08 (Som
Olpea ol g S cblis 0 ke sle 2SLgilew
2xben 1 Sl g g gleoasS e

w‘ o.);
5 xSl Gl i Kal @l e (et o
prowle glgedr ol Obxil sla pShgilew

Sae b ol g S cbli> o0 o355 slbog>gey,

celi b ol (s lad axwg 5wl ileats;
aS ol plis 58 S g dwg 4 byl et
Bacillus 4,5 4 Azotobacter sp. slas SU Comos
O FIExN T g VYT ol 59, 40 oS e subtilis
395 oLl ,o ) SO0 sae YxV M0 g £V Ox) T

Comex  izen 80,5 o ol slie

Sl 31 o oLl g gyl (F 9 ¥) (sl y5Sbgilow 9 (Y 91) lags 55T 31 (glasges —Y JSCi
w,.‘é.»:—ébiu))» adbio S soggo
Fig. 2- A sample of isolated and identified of bacteria (a and b), and cyanobacteria (c and d) from the soil
microorganism bank in Marzanabad-Kandelus.
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Table 1. Characteristics of identified bacteria from the soil microorganisms bank in Marzanabad-
Kandelus region.

o b Sho &y
Genus Properties References
sl gles s b o cudld SUlg il (JomeS JaSis gy st 0,5 ( JSS slaleo «s5len pion
Solow 590 el wceiid U Yoz o PH 5 Gogaandes 4250 FY b o> b cudled olos (so5b ¢ coull 3bolie
Slge ol b b gblie jo s o) Sl (S 0 wo )0 Sl 7S Cumezr (Oigile 5 (BLS (Sl sl

Pseudomonas o
Mostly aerobic, rod-shaped, Gram-negative, without a capsule, inability to be active in a wide
variety of climatic zones, activity at temperature range of four to 42 °C and pH between four

to eight, causes of human diseases, plants and animals, less than 1% of the all soil bacteria
population, ability to grow only in areas with high richness nutrients

o3l o Cudlad (5B slo S b g (slaken (e g Sato 05 o Bl gostn Slpe mh i g JomS Ge%
Ve b gy PH 5 pogade 64,9 VY0 b oz ole Cipinyté et)
Without capsule, non-secretion of polysaccharide, Gram-positive and negative, spherical or @l., 2011
rod-shaped, activity at temperature range of four to 42 °C and pH between five to 10
(s, Bl b (sosimnz olgos 2l 5 10 Vb llgs oudes JomaS JoSCad (IS5 (69,5 b pam oS v
03950 4352 50 e i Sils (S  olie (Sily e g 590095 (s30T i slem e Slems «sl9n
BRGNP WU H % IS SWER Sy T SN Ep IR 9 PN OO SRR - T XYL SV PV SRSV L LIPIN Z
Azotobacter g 4z 0 ¥ B Y iy cdld g o, gl cenlio sles 5 AID L FIO o PH Kumar etal., )
Sp- Removable, elliptical or spherical shape, forming thickened capsule, the ability to secrete high (2007
adhesive polysaccharide, aerobic, completely non-pathogenic, free-living, self-feeding and
nutritional dependency to soil, has an important role in the nitrogen cycle in nature, used in
the production of bio-fertilizers, food supplements and biopolymers, high activity at 20 to 30
°C and pH between 4.5 to 8.5
S Sl Gl lon dole daaist (52 50 JgeS Sl ((hie 5 o £,5 4s5lso s 5 53192 JSS 59,5
Diplococcus AV B PO o PH 5 gedos a0 B2 B Y0 G2 slos 13 S 15 vt J) 05 aler (Kumar, 2012)
sp. Spherical, aerobic and anaerobic, Gram-positive and negative, some species have a capsule, !
causes of human diseases such as pneumonia, activity at temperatures range of 25 to 40 °C
and pH between 6.5 to 8.3
T Ul 9 JgmeS 2979 (bl 13 (G155 5 (kS ((Sighe Sty g Lo ol ute 0 5

O Bladiss (B Jobe o)lps 5l Sl Ly (Terao, 2012)
Gram-positive, causes of skin, infectious, respiratory and digestive diseases in humans,
forming capsule, the ability to secrete adhesive polysaccharide in some species

b 6519 JeS b sl 615 it 5 (K8 (slakoo (I3 S Sl oo 005 VO St
o) 5l (gloo S il )3 982 ( S g il o oI 2l 53 0l Saeglie o5, (s 5l9m 0 5
bl slos e Jole Bacillus subtili 3 Bacillus cereus o5, 5o ;0 5,5oe a4l 5 (sabpmds da
03,5 odled YL SUlys Bacillus subtilis 05,5 o 15 ,Llews o990 Bacillus cereus og 5 lawgs

PH 5 ogemdes a0 00 5 ¥ sloo b Laizs Loyl o alo 51 drie cawlinl Loyl 13,0 Bacillus subtilis
0l S o Colls o Vb Gl S s ¢330y ol esgy s Ly (godinr Slge Y iy N - b F

b g asme pgle o 0l 0 )18
Constituted 25% of soil bacteria, rod-shaped, Gram- positive, forming spore or capsule,
aerobic or sometimes optional anaerobic, high resistance against heat, cold, radiation and
drought, presence in a wide range of habitats, classified into two groups Bacillus cereus
and Bacillus subtilis based on their performances, cause of human diseases by Bacillus
cereus, the Bacillus subtilis strain is not pathogenic, ability of Bacillus subtilis strain
activity in unsuitable environmental conditions such as at 4 to 55 °C and pH 4 to 10,
secretion of adhesive polysaccharides, ability to nitrogen fixation, proliferation of high
speed and high mobility, high usage in environmental and natural sciences projects

Euzeby, 1997;)
(Moore, 2006

Arthrobacter
sp.

Streptococcus
sp.

Satapute et )
@l., 2012

Bacillus sp.
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Table 2. Characteristics of identified cyanobacteria from soil microorganisms bank in Marzanabad-
Kandelus region.

o &l
Genus Properties References
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Nost AL 21O PH 5 Gogeds 42,0 FO B F olos o5k o cudlad ¢ S JSCas Moller et )
ostoc sp. . . - . . )
P Found in a variety of environmental niches, forms colonies composed of filaments of @l., 2014
moniliform cells in a gelatinous sheath, presence in the soil is more than other environments,
high capacity for nitrogen fixation, high secretion of adhesive polysaccharide, having a self-
feeding system (photosynthesis), nutritional dependency to soil, ability to absorb high water in
rainfall times and causing storage of water an delay in constituted runoff, known as rot of the
stars and star-slime, viability, colony forming and activity in temperature between 6 and 45 °C
and pH 5.6 to nine
YL collB g onina e sl)ls (o8 a4y o yiws jslateds &S > (gl plaais ) glls 5 i (geanS Cos
Oscillatoria ool (Jarome bl o al3dl g Canss Glgs o Sl b w5 Méjean et )
sp. High capacity for nitrogen fixation, have a strings for move to access the light, have a adhesive 4. 2009
sheath and capability of polysaccharides secretion, viability and proliferation in unsuitable
environmental conditions
Aphanothece Sy St )0 Ul (S s 58 Corer yditogs sk G Ranaetal.,)
SP. Unicellular, self-feeding, less population in the soil, ability in nitrogen fixation (2010
S sla Fogll 12Vl 5 539555 Conls 50 (QUlF (S )0 oS Cumez )9 095 (s, Ranaetal., )
Lyngbya sp. - Non-branching filaments inside a rigid mucilage sheath, self-feeding, less population in the soil, 2010
ability in nitrogen fixation and remediation of soil pollutions ]
Phormidium SE jo 05 Comex (Blad 5 S Sles sl sl andy g Jolwyy casls o Tiwari et )
sp. Non-branch, multicellular and filamentous, have a thin walls and transparent, less population in al., 2005
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Introduction: In developing countries land degradation and, as a consequence, soil quantity and quality
reduction are the main challenges in sustainable development. Recently, the role of soil microorganisms in
improving the soil properties of land prone to erosion and degradation has been approved. However, improving
the performance of soil microorganisms through their direct inoculation can be a new strategy in soil and water
conservation. Therefore, the identification and bulk scale proliferation and widespread use of bacteria and
cyanobacteria are necessary for reducing soil loss and runoff. Accordingly, this study was planned to isolate,
identify and proliferate the most appropriate indigenous bacteria and cyanobacteria for soil and water
conservation.

Materials and methods: In order to isolate and identify the bacteria and cyanobacteria, soil sampling was
carried out from erosion-prone region of the vicinity of Marzanabad-Kandeloos. According to the TSA and
Nutrient Agar (Lecomte et al., 2011) and Bold Basal and CHU10 (Andersen, 2005) experimental protocols,
general media were used for the isolation and identification of bacteria and cyanobacteria, respectively. The
isolated bacteria and cyanobacteria were then identified by microscopic examination along with their
distinguishing morphological characteristics (Bergey and Breed, 1957). The most effective bacteria and
cyanobacteria were consequently selected for the purpose of soil loss and runoff reduction. The selected soil
microorganisms were purified by selective media (Atlas, 2010; Schrey et al., 2012) and then proliferated in high
bulk and number.

Results and discussion: The results showed the existence of different bacteria viz. Pseudomonas sp.,
Arthrobacter sp., Azotobacter sp., Diplococcus sp., Streptococcus sp. and Bacillus sp., and cyanobacteria viz.
Nostoc sp., Oscillatoria sp., Lyngbya sp., Phormidium sp., Aphanothece sp., Diatoms and Xanthophyta in the
soil microorganism’s bank. Eventually, Azotobacter sp. as free-living and nitrogen-fixing bacteria and the
Bacillus subtilis strain with a high polysaccharides secreting capability and Nostoc sp. and Oscillatoria sp. as
nitrogen-fixing and polysaccharides secreting cyanobacteria were selected as the genus with high functionality in
soil and water conservation; this was based on some criteria such as survival power, proliferation and activity
under inappropriate conditions, secretion of adhesive polysaccharides power, networking growth, the creation of
micro and macro structures and being non-pathogenic for humans and other organisms. Since, after the
proliferation process, the population of bacteria and cyanobacteria in one gram of original soil increased from
6.4x10* and 1.3x10* to 6.25x10%* and 2x10% per gram, inoculation and increase of bacteria in soil could
enhance the microbial activity of the soil crust. In addition, the secreted polysaccharides of bacteria could
connect the soil particles together and increase soil porosity. The maintained processes could improve soil
properties, and decrease soil and water loss. Furthermore, the feasibility of bacteria and cyanobacteria
inoculation into widespread area was proven as a perdurable and biological stabilizer. According to economic
evaluation, the cost of producing and inoculating bacteria and cyanobacteria could be up to 2 to 24 times lower
than natural and artificial stabilizers.

Conclusion: The results of the present study proved the feasibility of identification and proliferation of useful
soil microorganisms in soil and water conservation from an erosion-prone region. Therefore, combined
widespread use of selected and proliferated bacteria and cyanobacteria by aircraft could increase soil particle
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adherence, soil aggregate stability, soil porosity and permeability and, consequently, conserve soil and water
resourses.

Keywords: Biological soil crust, Soil and water management, Soil amendments, Soil microorganism’s bank.
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