(Fwgs) SIS Cladgi g S o sCUES o

g yound LS LCIS Cod dBlu d dly ) Jwd Cunnd 9y (9590 gm0 O] gt
Lwg,gly) 925 Sgrg oud CuiS 4> Bacillus subtilis g 2S5

‘$‘:;t9&:’ wﬂ)b‘
.lel 9‘\9@] ‘)‘lybl Ol)‘o.% W o Kisly 45})9L;’5 0aSisly quL_cb p}l; a”f )lﬁsliwl\
edris.shabani@scu.ac.ir : Jgtuwe st o5*

8>

S3gS Bpae (B ) Ghingh b)lpl (nete J (S biSh asle Glind oailS o slaeusl )y See
Sl e B3gS B digej ) (08 (Sl 0yhud (SladgS Bpas Cuerl & dagi b il o (5)y5liS ) (ol
Bacillus UTBI6 (¢ SU 51 b)) yebaie 4 (oaiolojl iwly oyl 133,15 3939 Sigugydun S 13 adgS ol Cpunn ialS
Cbale Cuns g g 6Sh Canen (5l 1 p)S e FYL0 9 B+ FVD YO YD) li Jole jiud cilise slaclile o SUDLiIS
Caw (2l 4 CulS gl i )0 (8L 5l eolawl &S ol L gy cpl ol b el H1ST Y )0 Lug gy salS dBle 4 ddy ) yaud
i 35kl Lo 4 515 L 0 yhnd (el ylags el 030l Cysian 133,5 Lugsle) onlS ablu 4y Ay yiad Cornd YD Lyl
TAVY g el & ady) yind S VAT (ol 38l oo () 3 25 (o 1Y,0) shed s (5 (ol b dlie )3 (12 o )5 (oo 07)
P e Y0) 80 (alS i 2 p)S (oo B0 o o &5 0l (LIS 9294 (igd (nl (SladiBl 23S s oSk Conex
VL o G o8 4 b Sh i b sbalo 53 5 (3 2 p)S (e YVA0 Clald) jad Bpae 5003 YO 4 ()
Bacillus subtilis s 568 51 oslitwl cplpls 03,8 jan (68 Curenr 9 (2LS slacdl jauwsd clale ol
D)5 o0 duogs (& yaumd (SB3eS CBas ialS g ol S LS wb, il olie polie Glo g ;«Q)UT596
Bl 4 Ay yhund Copmd ¢ 095 «Sgag)tet CulS urgyglg) alS (6 Sh Cumen 1 (GAIS (0314

doddo

oS Sid ()5 dopd V= A (g paie (ol AL (oo (LS 5 Slas 04 D940 pals (e ()59 5 Sl Amy yied
OB gy Casdlg IS 01 255 Slym gy 2, i Iy, J] 5 el il 5 jind a3 e S5
S oblS aed g ady jl (gl a2 )0 Haud (WA ()] )Ken 5 (SMo) dgu o SO 205 Sdmo Dlawd by g 48,5 & jguo Slawd
5 2 Jpamo ol ok 5 5 JiSlS Gtngs Jpuae CaisS 5le londnn 5 Saiolnind slacalld b JpSle o
) | (ol 25 555 Slio Jsl 5 (LS (slola & Conglio el JS1 5 0,553 algs (sloisSly ety dnogs
i c13sS el ol a8 3l oLt b (el csl by gie Sy lid S (Kalayu, 2019) 1S o
el 5 8Ty0 o ale (ol 53 logos 5 08 Jlowm (b bie b (21331 03 00N e e Jliie & Ye0 L b
S Byae ials jslaie 4y ole sla imgh plol &S sy oyl & ]l (Cordell et al., 2009) cusl oiiis 35 oo
sl 1938 Syl S yhud 0hag 4 (2lond

e 5 (] i 1S 5 285 o o Mt 2y (SloomlS 3 S 51 235 Ol oS Jo (slarnlS 5 S0
35390 oshan) STy iz (£l «lin 0155 o lnpnslSly Seo oo 13 A ey Joloxels 5 5
Kalayu, ) sz 425 b8 (AM) )Y 55l 5255500 o b CanalogiaiST o (ogles sl 5 posbonnsiy) @18 sl < (pomoins 9
S8 lgi) 33U pdl and )3 L9 0 (LS 8y S0 )50 5 Ay (A8 0335lS e Ay H ol Lol o by (551, (2019
(Idriss et al., 2002) caul 48,5 )5 o) Kimad oydy 3y90 obS A5y 39:0 52 (PGPR) ol w5y Sy

2y 3 reudlSo ol i Sl slapmlSe slyls a5 iSh dad g Cunl goite Zads 4 PGPR 5,Slas 0450
rlo Ml (o goite (i OIS JoS (RIEIL (aHE dlge (pwpied (I GlE OLS S Mg B (Ggeyen (slpme

Ly @) pac Jg ol8uidls — Y€+ sloygr oead VW U VE — ol (SUEL pgle 8,508 cynod3jlga



ywy (pwgs) 1S Oladgi 9 S oy gCUES

5 olon Samusllg Sn b <uld) (LS sl silowr Jolse 1 (8 Sl (ilow 055w Jolis (o3l sl puusilSie
oo iS5l 5L gy dsal (ladul 9B (sla proling i ¢ 5950 Ao oLS dgame (gdke polic dy g yiad Lol 3]
L olS aby dgupo (Idriss et al., 2002) wil o (lsp (59,0 008 Conti sla (6,8L) Sidg5giln 5 Slawsd oaiiS o
iy 5 adgi b b oSl ol el o0 aslis Mels” Bacillus subtilis Luwss lS adyy 5,8 o55slS 1 oolial
i Sl Jols Dol 1 (0 )5 oo (gideo (Sl iy IVl s 0 035515 (LS w51 T (slod
] 1S s H (g5LodlT L basuol al adly oo ol S35 915935 g spunl SitanS gun ensl ST el S s
Gl ) bl sy Bland o1 05 b 8L ol nimem 25 (oo Jslomol (ine sloclind Mool Jljdl 5 Joloxe
(WA Gy aols) 1S o walyd I I jaud (clacaS 5 1 jaud (gjlula,

aSl dadYlo yals 3900 capn bl oy JSi s 4 s 4 (LOIN0 ROSSO' sisle 3038 (K5, (s9mlS" 5l o3lisusl 09 el
B3], o 5 ST T Lolss b b Sl 5 o g cybasgis] 1 Vb e g Ll s & ol s s ;)
s ,0 bl amd > (b gals calisee glgl ulgi cild (glan Lol 5ol (Allende et al., 2004) cuwl 483 1,3 ang5 3,90 o]
b cdls oligS oyloy e ol gy ol 485 )5 HEAS 0S5 av g5 dy90 YU (gl 035 35)] wizmed g o oglite
ClcuiS o Jeolgd o (S1B culS g jalud cuiS (S e culiS b galbdS U odd cuw pB)l pl sV o g cuily
sl il > Jgao cpl W dinled )9l pulyw 13 Jganme (pl 295 4 pla3l Jitws S lgie 4 g 5l 5 (SSp0 8
929y Slogrg JWI b cuslio slod 5 (6513095 2 5 (B )98 b (el > 4 (linej 9 jly Jgad 13 oy 4 Glnl a9
Jaame opl Wg 3 Calisee ML 595 caw 0yomd (sladgS Cuaud el b s 5 Lin)i8l Mgy dilawlio bl unl 039
D).éa.u.é L;Lm; opg & ‘_s.:w L;Ltz:.); d)a.a.o ML{ » u.{v.a L;Ltb o9 rabol dwy (o0 /Ja; 4 u)l))l.u Ll oJib)f ual>
sl b Gl gyl

W dg, 9 dlge
59586 &y s Slanl o) pen dus oKl (65,0l 0aSitily 5 jg0] WIS )3 VAR bawe > SIS iolojl oyl
e W2 0C 4 59, YY-IAOC (slod o inlogl ol b 3 ol it ol iS5 ¥ L g bolas SalS o )bo B 13
e i 390 (55T 1 385 ol lite 4 98 e Sl &1 s YOND G b (Si2dl sl o5
$5253,5 syl yhaned] G 5Li8 5 WYY OC olod )3 b unilS )l ,So plos Bl e iulojl ol 55 o3kl 590 (sl yin
555 3934 pie 5 S 5 (i) y2 p)S o SYID o B0 XVID N AY/B) yiuss ilis (sla ke ol tylofl (eloyless
51 (BACillus SUBLILIS) g polal (58 s} 355 392 ((B1) csSL sy 5 (Bo) syl 3818) ol Sl _tuw
S PV gmgn 2L rSL Jobe Sl ) (oo Ve 08,5 st Ballae 3,5 (ell © )yl 855 ®AF gy gV 908
Bacillus subtilis ¢ xSl ol oo 55 itu sla3sS Jlasi b baiyo ol it Jlil §1 U8 5,8 o lade i 2
)5 (CFU=5x10° mL™, EC (1:10) = 4.4 dS m and pH (1:10) = 6.2) 1515 5 abogé 4ié> & Ste 4 UTBIB a5
i g 3 a5 s 599e5 il 1y 558 Jgbna 1 il s Y0 Tosonm ol 1 Sy o 3L Jsh ) s i, V-
, Cu=0.1 Zn=0.1 Mn=05 B=0.5 Fe=3 Mg=40 Ca=180 K=210 N=180) _j, sl i Jslxs | L5,
555 51 yind CAIE B Bl 5 51538 435 e pb e yhud il Lulul 5 o (Resh, 2012 ) (2 ; p)S ke M0=0.05
Sl ) 355 S99 pie g 3smg Ll 53 (52 2 psS e SY/D 5 B0 XV/B XD AY/B) (KHoPOs) cli psssliysic

Oliud, @) pac Jg olRuiils — Y€ oloygr ,us VW G VE — ol SUEL pgle 8,8 pmodjlgn



(Fwgs) SIS Cladgi g S o sCUES -

Voo e tin g3 3 i) (oo Voo Jyl i g3 3 S 5 jiad gl (sliglodt Jlasl pghite .85 )3 oyl 3,50
3305 €8y 355 ol I Jglome 1 2 o Fee L i 93 53 5 2 o

UV-1201, Shimadzu, ) yiesidg Sl slSiws lawgs gl ¥V+ zooJob 13 5 (xS, g, il oslitwl b jauws
9 03,5 oy 3,0kl ygmnl S omie olulinl (claJoloe I odelcmday slaodls 5l eslitul b .ab (g Sojlul (Japan
9IS S5 25y 5ol sl S GBS (LS (Kis o3le pS 3 oS e s (S S 3 i il
ouiiS (gl Glibol a8 Sl s b olped (g5t0 (Sl S addyy 2ae Y-V 4108 a0 il Ll (Colony-forming unit=CFU)
D oo 2 Lo igad s (23,5 U 8 51 0906 g g e ) 85 )15 e ol 2 (e ¥ J315 3 5 1> 3
oy (SolS dlaad dwlee 0D cusS HBT iy g culS lasre 59y b diged dn Al o (0 i8S 1B SS (g9, 4add
3590 SAS I33l o5 5l oolizal b laosly Lialesl (bl p3 3,5 dwlxe wois o5 L Osdaghi et al. (2017) o, lkao
5 12903 03,5 plol (S0l (g il sz (9031 L iy 0 Jlazo s 3 o (1S3l dunglio 9 8,5 )18 Lo g 408
0,5 oy EXCEIL 1381 0 5 SaS 4y

Aoy yound Cannd g CFU o e i) 38] v B. sUblis (6 xS 51 oolazwl a8 oly lis osly (1:S5ke Sluwlie golbs
(Y Jods) 13,5 oy ) 90 Jlois) o 3 i & dBlo 4

9018 aBlos 4 diiny yhud Cuns 9 CFU Liul38l cow olie Jolre yaud clale jialidl a8 sy olis Giales] ol muls
by Ay i Cpus 5 CFU yslio (5 xSk Slanlio Jytz sloods ool 1 (1 Jpi2) 20,5 3,555 3, Lugysy
i Jgoxs > i AL I3 ) e () Jyi2) 28 oanlio (5 5 )5 oo D) Gty 30l o > e
(Y Jgia) 00,5 )b bz do o V s pdaw 53 g cdl inl58) dBle & iy paud Coud

Ol Logyglgd 5al8" cusS (sla i 3 (plie Jsle yaud calisee slacdale o B. subtilis UTB96  filiwe I slaesls
AV Jai2) €85 5 ookl 5 (6l gulls 35 5 S o 4 Bl & 4y b Cad 5 CFU o sy
33,5 ao ) 3 inn i3] o 71 3 slslest s ol 55 B SUBLINES (55, b (aLS ol cyin g shau plos
VO 5 (3 pr S o VO) 00 ol i o p)S (e B0 Jlow dilen o5 0l (LS gsga Gimg cnl laaidl (Y Jgie)
clald ool o VL o s i 4 2l Sl gl b sl lo 53 55 (5 2 ) e TVIO i) jaud B pae g0
S Camaz VLY Jgiz) 23,5 BSIP 5 BSIPs (6ylast slberaS 5 53 oo (6551 Comar 5 8S slacdly

Ly @) pac Jg ol8uidls — Y€+ sloygr oead VW U VE — ol (SUEL pgle 8,508 cynod3jlga



’ra (pwgs) 1S Oladgi 9 S oy gCUES

aBlw &3 Al y phud Cowd 9 (CFU) (65584 Curon 5 (P) youd g Bacillus subtilis (B) 5,86 ool €Il -y Jgun
Lgyglg) 9215
(MY G7) Bl 0 sy yhnd Capus CFU b jlas

B

y,.v P rral Bo
YA 2 \FAC R B1
B B S Gz
P
- A0 ¢ Y Erxy . F 0 Py
VAP yvax).T e P,
R YA TR P3
Rade YAY).T 2 Pa
80 Y A-x)-T 8 Ps
w ® G (gime

TN g 70 Jles] paw )3 (gyld gixe el A st g %

Uil o Wlg o &S Cunl ol adlis Slawd 0uiS > (sl iSh o Setee | (S lgie 4 Bl subtilis o4 el
G (g ) (S BD5S" 8 puae oS Db )L (2002) Sharma gl [(Garcia-Lopez et al., 2016) 53,5 -\lS ) jauwé Cls
5 b Alox 31 olS 53 3,90 ol Suiglse Cus I e Bl (o 45 355 o GLS 0395 Cennj g St s il
OlalS M) g ady (5 S gm0 s pind (B plie (el &5 amd po (Lt il () Kdmgy (gladidl Bl (g
@) (038 9 e (Sl (CuygSsS Wiile) S (6l yian Sl (6 ey w2 U i 3B GlalS ) Ay Gial38l b g 0
M) 33,5 oo s polic ooliul g in ol il 4 e bles 4 A8 eslial olié yolic o Cugby Lls jolaie
2 Bl o Olandgs)l oy a5 o ol olou, olS s (2018) Shabani et al. cladbl pioen (AYAR ), San 4
oS oy o0yl d cnlplly il GBI T slased 5 g HY (e b jioginy 03,5 sdeml s ) 5y (slolos
Jlite 1 cunl arils Loglg) al8 3 Sos g (s jtgd (G SRl )3 1y (alien 36 Hhud Qo il pol iagh
Gl yud b Gl oy Clale (38 4518 ol s )i e jhad cilise (slaclle g b Sl il
Cunes g pind G 5| 6 5V 3lie B. sUbtilis UTBOB (6 S| el Jg 93,5 o (6 5Sh Cunas g d8lus 5 dyy Lauwgs o
Slgs o 4 il il jaud clale (353l L olSh la ey o lasl sl (6 iSL Conen cu3liS Lisles 4y 68

8l Logygly) 9als olS' 53 aBlus 4y dy) paud el 9 yhd o I3 RS 51 (S

Oliud, @) pac Jg olRuiils — Y€ oloygr ,us VW G VE — ol SUEL pgle 8,8 pmodjlgn



(Fwgs) SIS Cladgi g S o sCUES .

A8l &) duly y yhand Cond 9 (CFU) 655L Curon 5 (P) younsd g Bacillus subtilis (B) x84 Jsliie 51—y Jou

Lwgygly) 925
Bl &y ddyy jhud o CFU o)los
(mg g*)
BP
.ard e © BoPy
. Aad e BoP,
~,ibd e © BoP3
XY b oo BoP4
Y,-0 ¢ - BoPs
.vse ayaxy."P BiP:
Rt £a0x)."P B:P,
Nake AYexy.ta B1Ps3
Rl Yoo Axy.TE B1Pa4
v b AYexy.fa B1Ps
e &b (e

SN g T e o )3 (65 me S )5 A s g %

&
a5 cely; poad i N gladgS 5 jaud oaiS o slagiSh (g9l Sofglon 355 2bj)) ATV g ¢Sl s aols
FIWV-YYY oY) VO (o] g S pole) SB sla yimgsy dloxe

P SO S g 3,Slos by 1 jiud (23 Jolore 5 (B slxe 356 VAR (s (B g e i HUBLD g (o
NV=WE V)Y Sgg e S

Allende, A., Aguayo, E., Artés, F. 2004. Microbial and sensory quality of commercial fresh processed
red lettuce throughout the production chain and shelf life. International Journal of Food
Microbiology, 91(2): 109-117.

Cordell, D., Drangert, J.O., White, S. 2009. The story of phosphorus: global food security and food for
thought. Global environmental change, 19(2): 292-305.

Garcia-Lopez, A.M., Delgado, A. 2016. Effect of Bacillus subtilis on phosphorus uptake by cucumber as
affected by iron oxide and the solubility of the phosphorus source. Agricultural and food science,
25: 216-224.

Idriss, E.E., Makarewicz, O., Farouk, A., Rosner, K., Greiner, R., Bochow, H., Richter, T., Borriss, R.
2002. Extracellular phytase activity of Bacillus amyloliquefaciens FZB45 contributes to its plant-
growth-promoting effectaaThe GenBank accession numbers for the sequences determined in this
work are AY055219 to AY055226. Microbiology, 148 (7): 2097-2109.

Kalayu, G. 2019. Phosphate solubilizing microorganisms: promising approach as biofertilizers.
International Journal of Agronomy, 1-7.

Osdaghi, E., Taghavi, S.M., Hamzehzarghani, H., Fazliarab, A., Harveson, R.M., Tegli, S., Lamichhane,
J.R. 2018. Epiphytic Curtobacterium flaccumfaciens strains isolated from symptomless solanaceous
vegetables are pathogenic on leguminous but not on solanaceous plants. Plant Pathology, 67(2):
388-398.

Resh, H.A. 2012. Hydroponic food production: a definitive guidebook for the advanced home gardener
and the commercial hydroponic grower. CRC Press.

Shabani. E., Bolandnazar, S., Tabatabaei, S.J., Najafi, N., Alizadeh-Salteh, S., Rouphael, Y. 2018.
Stimulation in the movement and uptake of phosphorus in response to magnetic P solution and
arbuscular mycorrhizal fungi in Ocimum basilicum. Journal of plant nutrition, 41 (13): 1662-1673.

Sharma, A.K. 2002. Biofertilizers for Sustainable Agriculture. Agrobios. India. 407 p.

Ly @) pac Jg ol8uidls — Y€+ sloygr oead VW U VE — ol (SUEL pgle 8,508 cynod3jlga



3 (yiwns) SIOLLE Gladgs 9 S g GCUES

Substrate Biological Changes and Root to Shoot Phosphorus Ratio Under
Different Concentrations of Phosphorus and Bacillus subtilis in Hydroponic
Cultivation of ‘Lollo Resso’ Lettuce
Edris Shabani'”

! Assistant Professor of Horticulture science, Department of Horticultural Science, Faculty of Agriculture,
Shahid Chamran University of Ahvaz, Ahvaz, Iran.

“Corresponding Author: edris.shabani@scu.ac.ir

Abstract

Phosphate-solubilizing microorganisms such as bacteria are one of the most important tools of
researchers in reducing of chemical fertilizers consumption in agriculture. Due to the importance of
phosphorus fertilizers, there are few findings on the role of bacterial biofertilizers in reducing consumption
of these fertilizers in hydroponic cultivation. In this regard, an experiment was performed to evaluate the
effect of Bacillus subtilis UTB96 and different concentrations of nutrient phosphorus (12.5, 25, 37.5, 50
and 62.5 mg L) on the bacterial population and root-to-shoot phosphorus ratio of ‘Lollo Rosso’ lettuce in
3 replications. The results of this study showed that the use of bacteria in culture media alone increased
root-to-shoot phosphorus ratio by 25.5%. Also, separate use of phosphorus treatments showed that the
standard treatment of phosphorus (50 mg L) compared to the lowest level of phosphorus (12.5 mg L)
increased 57.64% of root-to-shoot phosphorus ratio and 97.2% of the bacterial population. The findings of
this study clearly showed that as in the treatment of 50 mg L, a reduction of 50% (25 mg L) and 25% of
phosphorus consumption (concentration of 37.5 mg L) in treatments with bacterial inoculation caused the
highest values of phosphorus concentration in plant tissues and bacterial accumulation in the substrate,
respectively. Therefore, the use of Bacillus subtilis UTB96 biofertilizer is recommended to improve
nutrient uptake, increase the growth of greenhouse plants and reduce the consumption of phosphorus
fertilizers.
Keywords: Bacterial accumulation, Biological fertilizer, Hydroponic cultivation, ‘Lollo Rosso’ lettuce,
Root-to-shoot phosphorus ratio.
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