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Background and Objectives: Using chemical fertilizers is the primary method of plant
nutrition in agriculture, however, it has a high potential for contamination of water,
soil, plants, animals and humans; therefore, it is crucial to provide solutions based
on sustainable development for crop production. One of the solutions is to use the
potential of beneficial soil microorganisms including plant growth-promoting
rhizobacteria (PGPR). The PGPR are a large group of beneficial soil bacteria that
affect plant growth through various mechanisms including, production growth-
promoting substances such as auxin, solubilization of insoluble organic and
inorganic phosphates, production of siderophores, and potassium releasing from soil
clay minerals such as biotite and moscuvite. Having positive impact of PGPR on
plant growth has led to their use as biofertilizers or inoculants in agriculture. One of
the most essential components of a biofertilizer is microorganisms. The most
important and well-known PGPRs include Azotobacter, Pseudomonas, Bacillus,
and Azospirillum. The aim of this research was to compare these four groups, native
to Iraninan soils regarding plant growth-promoting characteristics and to identify
superior strains that can be investigated in future research as biofertilizers. Such a
comparison has not been done in the country on different groups of PGPR.

Materials and Methods:In this research, 63 strains of PGPR including 13 Azotobacter,
10 Azospirillum, 21 Bacillus, and 19 Pseudomonas strains were used obtained from
the microbial culture collection of Soil and Water Research Institute which were
previously isolated across from different agricultural soils of Iran. The strains were
screened and compared regarding plant growth-promoting characteristics. The
ability of strains to produce auxin evaluated using Salkowski reagent method at the
levels 0 and 50 mg/L L-tryptophan. The siderophore assayed using the CAS-agar
method, calculating the ration of halo-to-colony diameter. The extracellular
polysaccharides (EPS) were measured weighting the dried precipitated substances.
The ability to solubilize inorganic and organic phosphates was investigated by
calculating the ratio of halo to colony diameter in Pikovskaya's agar medium.
Alexandrov's method was used to investigate the ability of released potassium from
muscovite and biotite soil clay minerals. The NBRIP culture medium, was used to
evaluate the ability to dissolve insoluble iron phosphate. All experiments were
performed in triplicate and the statistical analysis of data done using SAS software.
Means were compared and grouped by the least significant difference (LSD)
method at the 5% probability level.
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Results: The results showed that Pseudomonas strain P214 produced 51.68 pg/mL of
auxin at 50 mg/L of L-tryptophan and 48.72 ug/mL in the absence of L-tryptophan
(0 mg/L). For mineral and organic phosphate solubilization, Pseudomonas P187 and
P186 demonstrated the highest indices, with halo-to-colony diameter ratios of 2.59
and 4.13, respectively. Siderophore production by the Pseudomonas group was
significantly higher than that of the other three groups, with strain P188 exhibiting
the greatest capacity, achieving a halo-to-colony diameter ratio of 3.38.
Additionally, Pseudomonas exhibited the strongest ability to solubilize insoluble
iron phosphate, with strain P192 recording the highest halo-to-colony diameter ratio
of 4.45. Among potassium-releasing strains, Bacillus B517 showed the highest
release from biotite, with a value of 33.33 g/L, while B326 exhibited the highest
release from muscovite, with a value of 24.67 g/L. Finally, strain P526 produced
the highest quantity of extracellular polysaccharides, with a value of 84.6 g/L.

Conclusion:In this research, 63 strains belonging to four groups of plant growth
promoting rhizobacteria (PGPR) native to Iranian soils obtained from culture
collection of Soil and Water Research institute including Pseudomonas (19 strains),
Azotobacter (13 strains), Bacillus (21strains) and Azospirillum (10 strains) were
investigated and compared in terms of plant growth-promoting characteristics. The
results showed that the Pseudomonas group showed a significant difference from
the other groups regarding siderophore production, solubilization of insoluble iron
phosphate, extracellular polysaccharides, and solubility of mineral and organic
phosphates. Pseudomonas and Azotobacter groups produced the highest indole
acetic acid at 0 and 50 mg/L L-tryptophan levels. The Bacillus group had the highest
ability to release potassium from biotite and Pseudomonas from muscovite. The
Pseudomonas had superior strains in most of the plant growth-promoting
characteristics, however, considering that other groups showed superiority in some
other characteristics, it is suggested to use a Consortium of superstrains of each
group should be used as inoculants or biofertilizers in the future research.

Cite this article: Outadi, A., Etesami, H., Khosravi, H., and Alikhani, H., 2025. Evaluation and Comparative
Analysis of Plant Growth-Promoting Traits in Diverse Groups of Rhizosphere Bacteria. Soil Biology Journal, 12

(2),235-260

DOI: 10.22092/SBJ.2025.367286.271
Publisher: Soil Science Society of Iran


https://doi.org/10.22092/sbj.2025.367286.271

YEVARY /Y yled /1Y s/ SB wlidoas ) oo 4 2

aolilad 4o

https://shj.areeo.ac.ir/

S s SL i dL“UJf 2 elS Sy S e Slio awlio 5 o5

Fobde a0 o s Sas e T alazel s () 351 5 S

mahnaz.otadi@gmail.com :Jo 7S sl o 5 S Sliios e 5o Ko 553

hassanetesami@ut.ac.ir : Jo <ol & s &Kl S $3akES sy e ola pae-y
hkhosravi@areeo.ac.ir : Juul «ol 5 S Gl amzo 75 1l 10l 5 S Clidos aio ole Olo s

halikhan@Uut.ac.ir «ul e o&ssls (5 53,5LE8 sy ol Sl sae—f
VPX N/ i pdy APYIVIYe iedl yo

oS>

26 0LLS i) 5 Wlg5 e ilise sl g5l G2 b 5l 45 At S5 ke OIS 515 5 sty 09,5 0lS Ay S e slags Sl
o (s llazr pok saamws 3T 5 ugkeasls SIS Lgi51 (puligagdgms oS SSL 31 09,5 Sler 42 Glaio 3L argm FY (g3 o2l 93 35,135
-k 099 dm (ST AP )3 Laygw Ul Aad duglie g anllhe oLS Sy S e 4 Dguie S s B Ol S
S g 1 Uslals T Sliwd Mol U155 5 ey 53Lwdl3T blg3 (T 5 Sdns S lind Il (ko 5 sl 5L
FAINY ldie iuo Obgin 5-dl 53 5 OV/SA jlaie i 53 p,S oo 8+ Obgig -l b 55 P214 Guligessgw 45 sls ol s
L P186 5 P187 ulisessgm wusi 5 43 JT 5 Sdre Jslonali sloilind (S aiS Jo (2Ulg5 51,5 355 GuunST 2 sles 52 0,59, 500
DU 1553 09,5 duw by puligagagms 09,5 13 sgdgsdew Adgi Nidgr gaslh (b LI F/AY 5 Y708 GolS' @ lls b5
Il HUlg5 o 5 i Laguligegagw .3l OLiS 1) (sUlg o 5 i Y/VA IS @ dla ks Cuws b P188 ay9uw 5 3ls Olis (gld gize
g 3l paliy $3Lw3l3T (Ulgs o 5 i 991 F/FO (SolS a3 Al jha8 s b P192 aygus o2 g 9 5513 LS 1) Jghonals yal Sliwid
~k Mg Slsie o YL 393 B326 45 bgspe YE/SY jlaie b caygKauge 3l 9 BS17 Gushasls 45 bgspe s 53 p,8 YE/PY lsie b
09,5 4w 3l Sliso jidus 35 uligesdgms 09,5 (Egaztard 391 il 1 p,S F/AF Hlaie b P526 sladsgu 45 Blaio Joho zol5 slass IS Lo
iy aslal sl sy S e Cilise oS 39 A5 09,5 b 5l skiin Sdigw Ghdgsy (ol 53 3> VLS (o 6 SR

RV SO L

A s 303 s 55 550 oSl s 3ST (ST S 5l guadS s o5lg

éuéjisl.v ks 6[.(&5); BL) al..s L") «Sfu oles MLE.A E) JL-'JJI RAEAN “z ‘g_f\"':l"‘ €0 (S 9 g “z sjl«d'&‘ el ;6:\.7)1 bl

TYO-YF YY) ¢ Sbt i st iy Al .6 s )


mailto:mahnaz.otadi@gmail.com
mailto:hassanetesami@ut.ac.ir
mailto:hkhosravi@areeo.ac.ir
mailto:halikhan@ut.ac.ir؛
https://orcid.org/0009-0007-1177-385X
https://orcid.org/0000-0003-3618-1985

SAws s B ASL it glaoy B 55 ol i) S e Sl alis 5 b5l /YFA

oS an 55 5 A 53 oagr SN LS Sla0sas 50 A 5
L oSt Ole ol 02 5 (V4RY (S 0815 5 15 ,0) A3
dom3l TUAA) anl Sl ol el
ol &S Lzen olS Ay Glalgensn o foldantlil
5 L) Kb ady gladshe S5 003 Lk
Comer 3gry e gy 4l s (YooY (SIS
A S A5 ) g Gl o S VL
Sl ool 25158 55 (044 OS5 Sl ) S
Ay 3hedd il Glag SU Sl dos Ar &S
GOss) Lles o TAA W5 U5 slyls calises OLS
Yoy
3R K dsul sbslins Saes |-
Gz S anw g Lol sla S35 5l sPGPR Sl yas
05,5 (YN O 5 B cl LS mess
5 S sl s Al e S 55le b SIPGPR
JSE @ Jalosl Slind LS 5 X506 L sblins
OLes 5 s L5 oS (gl eslinad LB
33 Sis onl Coedl (YooY OLs 5 11 5 Y010
-l S8 4 S s i ohael Cad oS ol ]
5 G dr BB oS gl S el Jylomsls sla
@ aS G glerd GlassS Sl 6ol Cand ioman
5odals Jolomsl K2 & S s L5 0 3Ll St
Sy ahis nl gt s BB 2 OLLS (sl
PH L 5 Sal GlasSbs Ll b 53 o350 o ol e
OLar 5 1K) 5,03 555 Ol e asles YU
& SledzS NS 550 PGPR (slaas yo 51 ot s (o)
Ll Joles ool Clor a5 S o 23 5 7 b5 0L
“SdaS S 3 s ge S5 el b5 (Y410 (SUS)
s 0lS Gl &S das e S golul sle
3y50 55 084Y S 5 Ol dies Cod LG
8 ey o QA LAY sads o el ge e
Yo ssae Ol 3 5 el o jtes LB L8 IS8 0 S

3 - Indole acetic acid
4- Siderophore

Ao dlde

S olB ) Carez M L e
Vs A5 5 Sl Oler b e
G el Ko pl o sl ol a5 (65,5LES
53 0blS i Lol ey 5l lend glasss
3asse pobe Co e 5 Slla s col o3,5Li8
" ey et S35z ST S e el 1 oS
el Sl dlpll s (55558 leosly op 5
S as Sran 5 en et 2 silees )l
DLl 5 pls olS Sb o (S J1 o g0 0T dslazels
DL s e sl Sl €l ol by 5 55
W5 Sl Bl gl Ca sl Cadl i a5
S el e s Sose GOosliS SV s
GISL ke O, il 31 eslind L Sal,
sl (g5l oS ditean plaes sl b o glas S .ol
St sl b 5 dide Jllrg, L b S 51 b
S ol 5L s oS il e Lol el Sl Lol
il s,k G b 5L 5 el [ e 2
L 5 gy mt) Las (il 5l 5 SO 1) oS A
AYeY¥

53 dol e e O 325 J sl (5 SIL 2
0 YU L s e s slassS w4 plaes
S e Gl SU s S (S A O 525 o
Lies Sloss s ol (61yls PGPR -Sausl L oS
SIS ks Slas SU Sl s b 4 iy 25 b
AiS o Sl Olsee olS LS 53 85 48 W5l e GO
L L ul a8 ol 55l S G i | olS A
W Jols X108 e b olalS s, 5 ol & b
slolind Suus = Sl ) S e glad s 50
MWy S gl 5l el Golasl3T o shomals
<l "(EPS) sk oo sl Bl 5 580
YYY OLa 5 (65, 1AM O Sen 5,3 4S)

! - Plaant growth-promoting rhizobacteria
2 - Exopolysacharide



YYANFY /Y oled /VY Al / S olidcan) oohe 4,

3 es S ol s 53 o3k sl stasy 0sSE e S
53 ohish Slemlin g Ll sad plosil Lags L
olZ plwil PGPR 05 5 (g5, » nS oy )58
Sloslgiasy s Llg e allee ol mli ol
oo ye e DN pame (S5 5 S 4l Ol sy

5,8 3

o gy 3050
557 52 PGPR 3l 4 50 Y slaad Jiassy ol 5o
Ol s S Sl dene 055w 0SS o
e V0 BT 4 g W Jold oy sl 03liz
lisesd s 450 V8 5 sl g pon V) o sl
sl Pl ol 50 Slaay s dlis (pl 55 Ly
ot o303 OLSAZIO b 5Tyl s AL sl eens i/ B L

]

ST ud g bl @ Seslul

0+ IAA) (oSt W 5 QLIS ooy 2 s
b e YO & (68U O gl 51 S S
e 06 5o 5=dl 2 52 0 S e O 5+ 5> TSB
dn A2 O M8l 8 gk a5 T gles U3
g L5 423510 ks 4 (5 8L O gl g el YA
VLV ol 51 oo G5 St Sl Ve
G bl s b (Sl D 2
e 3 G S B gles L3 4ids YO ks
Seslial b gl OV s Of Ly ol Ol
A il 3 (Pharmacia Biotech Ju) e g5 oSl
awlio b g a 0S5 Jliie .0AVY Olanl)
O glachle bajlulinl powe b 0T 55 ol ldie
Jatl 51 eddags 23 3 p S Jee Yo 5 Y N0 O
A dlen Al Sl

2 e Sk Yo S by b LS as)s
(0o P (o VoY O 5 5l sS) Lits p S 5L
S 5 03y S0l ey GlassS odes rames
sty 1 eslizal Ol s 5 ol b ol 3Ly Lol
el Sl S el sl S 0L s e
ssbe e s Sl Coenl Gl oS Slis s
o S SL S S laa s plaas 5 6 SIL 2
SIS onsa Sbr Sl by sleslsl oUls ki)
ol ($)5 58 Kt il Sl 2 S e

Gt ild 4 mub s PGPR o5 8
S e ek sl ey SIS EPS slps W5 Jams
VY O 5 H50) LS o dies (g3 (glads|
5 S il 25 Ll s gl 3 L S sl
o341 5 b isigs s S (e IG5 ol
EPS slse a0 Spslie a3y SL abwya 0L
o3 s ol 0358 oS w5l 4 U3 s
shge ool S o il O3St VL clale o]
3 Ol Eoly a8 ails St Cool ioeen
Ol 3 88 a0 S8 5 )3 4 (6,81 dlasl ey S
uws\w\/\ggb&mjmmg),uﬁ&asgjﬁ
0884 (LS

Gt s 40 pliws 0 liatiS 3550 4 x5 L
Gl S 5 el Lyl 2 L L85l 5 02 PGPR 5
CanS il 3l gl s g 58 Ol g WOT 3l eslizul
Lol el hls gisliaS OV pame ClaS
PGPR Cilzis (slaes S cp joddantlis 5 op Sege
o bl SIS elisasise 05 S Sl Jals
Ve DR co\,&@jggﬂg\)mfy@mjj
anglie ags ol plil 5l s (YT O Sen
23 Al bl ledd gilulr 5 Se o5 5 Sl
o sat Ll Olal (65,58 SV e S

5)4@)?]%)\]3]46&4.3%&@&;}6“)&?“

¢ -Incubation



S B ASL it glaoy B 55 ol b, S e Sliw awslie 5 L3I /YE

e Mg)’“):““l“” 4;.-)3 Y/\ 6\.&})5} C‘"ll: LJ:.:JjJS:A
Gk Ol st A5 GUls s (6 15eS5 55 ke
Skl s el LS55 K5 2ol dls Jad o aplos

S s SIS b a IS

AT olid S J> ol
025 Jo 2 b QU5 e sln
WJB ) A o3zl NBRIP? i8S Jams 51 ool Silind
do,5 o Bromo cresol o xe o Jas sl (1444
Sl e e sl A glacl s 08 S
b aalllans s go slo g 31 o o o300 gl s
o oj\.kJ‘A.: (()X\'A CFU/mL) aJuim.E.'J Coxar
@S kas 5, boabedl an 3 ook s s 1l S
4=y YA ‘_ngJ BE] oL @LU 6@&:1-3 A @il:
dsloes SolS lb 4y S8 8l bl Calad dla Jlas s

S

o~ S WalyT ol
S el 3leslsl GUls s Seslul 6l
(ol 0) s g 5 (Ao (I00) g s 50 sla SIS
A eslizad V45V (G, L) G, il iy )
S e 5 Il s I il Bl laiens
Sl eslinad U la IS «ociS Lo s sslizl 31 13 ola
3 ead Al BT Dl Ve /) S IS
Sl s edd S et OF e Yo e
Glos 3 o ST 5 Bl s J sk 50ty 5L
lag g S35l esls 13w geds a5 70
0305 Ay ¢ poliarst] CuiS Jases 3 il 5 5e (6L
Sl 53 L D gl 51 ke 53 LA

VW[?— — ) A o3l — ) (4%5) BEESE L \"")

7 - Pellet

ST 5 G golid Sus - bl
J gl

Cele FA Sote w0 lagg Ul Ogasl opl s
aos (S Se3lul gl L eals ciS TSB laes s
31l S 10 dme laclind Mol Uls WS
G oIS ks gs, LS o360 peili g
Slantle b LIS S telr e 5l glacly
oS5 2 50 sl S (14T (LIS ) PRV
SIS s b e LS Olgea (Cag(POs)2) livs
e 53 YA (slos 53 0 ds il (slach LS 63l
SASL S Ogal s Glas dla b il ()134K
Sy ks an § ks Sland  Sas | <l Olgea
S 228 G 31 s o lend Pl s Ol 50 L35
Gl (Yoo f i) wd pens S Jab 4 s s
ga J gbolis Sks > LUls g, Sl
0 5 oslizal Slisd 188 s sl 5l Slind el 5
Al s Sdae Dlind (5 S o3Il aslin sl

2By M g Ul g
Rt s b e 5 Ul e
el (144Y)) 55 5 S8l el Mol iy, ol
Jloee Jolis e Jloms Slezr 0 5L 2ns cpl 5o
Jslms 5 ol0e Jglme 3L Jshme FE-CAS G jne
5 S5 fa g Jl slome s 3L o Al el 51S
(03,50 1Y 3) 551 on o Lo sler J sl
Jslos 5 3l slome &y _glde Jplons il 603 Jy 2o
O 5 ploT 035 pay pand s 5 BLSI Al e 5318
53 5 6lsl Lol 4 Fe-CAS G xe J gloes col> sl
O gl g 5 2l g Sa 0 Jlie 15 8 w55 ey
ol Comazr b anlaes ;g0 slad s 51 S 8 050

0 Lliie 4 (g,l086 ka8 5g, g m Sb s by

6 - National Botanical Research Institute's
phosphate growth medium



YEVANE /Y ol / VY W=/ S wuc,....:, 6“1‘9 LR

L S A e 00 p S e bl e 5 s
(V' 'q 4&‘)@ 3 L:.A.,wa)

Wosls ¢ bl oo gy 520
55 iasn opl Lo edd S5 gla il aea
A5 il S5 4w 3 (CRD) A sl Sls ~ b G
9.4 M6 i53lo 5 5l aslizl L Laesls Golel s 5y s
RS sy 4 b Sl Al ¢lxil SAS (TS1ME)
dglie o3 0 Szl o 55 (LSD) s jrs oslis

L gkues S

oSV A 5
s dw 4 baay g (ST UL Ll
sby s (Ve=Yepg/mL) Law e o(¥-)+ pg/mL) oS
Tl 33 8 53 JS sk s s (Vo< Hg/ML)
S SL Gl yr 3 Ao 3 OV/O 5 YOO D Db g2 5
dmlie 2 8515 0L5 5 Jagre oS s 55 5w
5 P241P187 slaey s 515 0L (1 Jsis) b, Siln
e O 5 o b 53 (S slie 5 2 P214
0535 OVEA S TYAT S 1Y/A 35 2l 53 p S
O o 53 aag p SIS sy 35 e 2 s
L oeeS oM 0 3 il s 08 e 0L s 5=l
5 A232 AZto474 b g & L3S g
10 et o 01 5~ ks e 53 A231

i3S A (e ST e 0 s

ot 0 4y 5t Glas ol e Tl e oS
12 0333l Ko sy B, LSl o S8 Laoma 2
S35 2 sk a3 YA los 3 atia SO e w5
(sboms k) ool sl e 23 S 515 S
So5o3 b Sl (g e gmads 5 5l eslinal L
e ol 8L ghils Hled Jgle sl Hlie oS
Olgea H8de 8L il wals jled Lol
Sl il g5 (8l b 43Sl 53 sl oS |
Yo e 0 e gl hle LKCH el 1S 51 sl
OLSas 5 558) i oslinal 2 o3 p S La 70 S

AYeYY

EPS &\J g
YA iS50 EPS Wy LUy e g
o s S Ve Olye 0 TSB las 55 5 2 el
S Lame A e YO sl ke Ve glasl
Slos o win S Do w5 iy (6 SU s olat
J)\opjbu.,u,\.;@lﬁaurﬁww@)gm
x5 Ol Glod 5o e 5 Ja0e Jaat Sl slad 4
aads o5 oo Ve s ards T e a4y e peeds
4 oddd) 5 EPS Ools sy ) slaeas 03 550k 5l
4 A Sat Sl Sl Jel ps) Sl sl
Lo bolse spm JHU1 W dee & b 5 Jie Ladly)
ol o Al 02 e adds ey Se 4 WSS
EPSL;}ugwua}u@)ﬂ;&”qu;@u
R e B gy A S oS le3] Lame s

A - Completely Randomized Design



S B ASL it laoy S 55 ol Gud ) S e Sliw a5 b5, /TFY

(B ke dunglin) (T g )3 (8L cilideo gladsgw Ul - g
2isS b yiad a3 0559 35w s 3 iiSoo (gL g Jrwgl DM 9T cymansST Hlae

_‘JL,@T“’ fa aggus —Jl b 2 agns -Jl g 5 agus —Jl g aggus
.:g /Lw ;p sy n‘l";L"""“’ gy ﬁ:‘i‘“” gy Y ;:;i‘”” S5
AAVARE=AVAR) A231 YV/-¥EY/Y Aztod70 NESEIYD A231 YAIY-£Y/Y . Azto4d70
YY/IVYEY /D A232 YEIAYEY/ - Aztod71 Ye/oet /Y A232 YE/XSEY/FN Aztod71
YY/0at-/vY A443 V&[5 £YIYY Aztod72 Y¥/A.t./.¥ A443 Y¥/IMEY/\Y Aztod72
YZARE VAN A448 YY/AVEY/ ¥ Azto473 YAIYA£ /-4 A448 YV/IAREYY Azto473
VO/AYEN/FY A500 ¥eIEVENY Aztod74 NEEEY] -0 A500 VWWIAVES/ Y Azto474
Yo/AYEY/.Y A501 Ya/¥vy/.q Aztod75 \ZAAEAYARY A501 YY/S¥EY/VA Aztod75
ARVAR & BY7 ¢ A502 YVIVAEN/¥Y Azto476 YE/AYEY A502 YEIASENND Aztod76
WVVEN/Y . A503 YY/VEEY/-Y Aztod77 \F/-¥EN/YE A503 Yo /MEY/-Y Aztod77
\Wisaky/y Azosbra YV/0- N5 Azto478 Yo [SYEV/AY Azosbra YAVYEN /A Azto478
VEIVY ¥[8y Azoslipo ARVAEAVAN Azto479 YV/A-xo/ov Azoslipo YADSEY[RY Azto479
YY/SVEV/¥Y B221 YA/VYEY/FY Azto480 ARV = AVAIN B221 YY/OAEY/YA Azto480
YE/VVEY/ND B235 YO/NYEVYY Azto482 VIVAEN/AA B235 VF/Vaky/Aa. Azto482
Y¥/OFEY/VY B256 YYAAEN/VY P180 YY/A-E£V/FY B256 YE/VEE-/Y- P180
VIV /A B267 YY/AAEY/A- P184 YAIDAEY/VY B267 \F/-5EY/0 P184
Va/-FE oy B270 ARIAY- =AY p186 YYNASEYIVY B270 UNRRE: 2 707 p186
YY/A0) /0. B271 ¥ AVEVYY pP187 Y¥/AvE. /¥y B271 FY/a-£\/vo P187
AU/EFEN/ND B311 YAVYEY/Y - P188 VY VY B311 YAYEY/VY P188
V¥ oA /VN B312 Ya/aA% - /F) P189 NY¥EY/Y. B312 FoleAE /Y P189
YV/A- /Yy B317 Ya/aAE /5 P190 YY/-YE. V¥ B317 YEIF0EN A P190
VO dENY B320 Y&AEY/YY P191 \O/EYEN /¥ B320 Ya/ofEy/-- P191
\FlOsEYIY B326 FeINVEL /Y pP192 \O/VEEY/A B326 YY/OYEY/-A pP192
V¥ N[5 B327 ArZASEAYAN P193 VF/EYEL/YY B327 Yo/ ENY P193
AINA7=2VAR B331 YY/FAEY/AN P194 \EIEEEN YA B331 VW/AY/S P194
VWIAF /¥ B416 YY¥/-0x¥/a- P196 Yo /SAEN/AR B416 VA/VVEY/DA P196
YY/AYEY/-Q B417 YAVY £V /YO P214 VA/YYEN/YE B417 OV/EAEY] -\ P214
YO/NAEY/Y B444 YA/ AE¥/-) P241 VA/VAEY DY B444 FEAYEY/YD P241
VA/AR . /¥¥ B445 YV/AAEN VY P283 ARVEL &= RVATA B445 Ye/sVEY/A. P283
Y- /vox\/5 B509 YOINAEY/D P526 WIEYE/VY B509 VA/OAEY/ -0 P526
VF/vot-/¥. B517 Ya/¥fEy/ov P1 YV/Yay/fY B517 YY/ost. Q¥ P1
VA/AY N /Y B520 YY/FYES/ - P4 YANEEY/Y B520 Yo/fYEY/5- P4
ye/aaky /¥ Bmeg YVISOEN /Y P6 VANFEY/A. Bmeg YFINEY[-A P6
YV/Aaky/AY Azto469 VAU/ATEN/ VY Azt0469
a/vv¥a =LSD (5%) 3l et e £
L w;f,gmﬂ/’jij.“,;y ol o sl S A 5 Ol 5 i S sl OLES e ks s i

(\ L}gﬂﬂ) L;‘*"“Jvt}(J‘)‘ffl’f;‘//“j‘bf}"j“’°))§4"'bj"f



YEFANE /Y o lad /1Y A/ Sl oo 45

20 =50
35
b
30 f—
= c
v a
\1 25 =y
=~ =
3 20 =
< =
gg | — |
= 15 EEEE
10 =
5 =
0 = =
skl oligegdgm ALl

Huo oBgin 5= gk 53 a9 0¢) g3l g wUgagdgms cskemly (ogk gl bawgs (ST Mg jlae duglie - JSS
(o) 0o yd O gl yd 415 sixe BB pus 8023y Uis S pinio By > O/VYFA =LSD (7/0) ¢y ;3 055 shao B+ 9

J onali guas glalind S J
Gaclins Suus > gleesls bty 45
4 P187 5 P196 (sla yor 45 sl 0LES J sl iokae
AR VY S YON S8 s dls s LS

(Y Jgder) il |y sl Ol 5



S B ASL it laoy B 55 ol ud) S e Slio awslie 5 b5, /YFS

o O JMool 43 (6 5L il sd g (1Sl dug e -F Join
3915 b 4y A B o ol 3 Sl ¥l i L

Olid JYe! SASL A Ol JHlo! S 5SL g
Jeeekfonn Azto470 fevekefoes Azto470
Jeeetafens Aztod71 feete] Azto471
VISYAL [\ Azto472 ofeeekef Azto472
[eenke] Azto473 o[k Azto473
[eenke] Aztod74 ofeeekef Aztod74
[oeete] Azto475 RRRRS- i Azto475
R Azto476 RERS R Azto476
[eenke] Aztod77 o[k Aztod77
[eenke] Azto478 ofeeekef Azto478
VbosE-. -5 Azto479 o[k Azto479
[oeete] Azto480 ofeeetef Azt0480
[oeete] Azt0482 ofeeetef Azt0482
[oeeke] P180 Y/-AYE-\Q P180
[eoeke] pP184 VAvYE-/\Y P184
[oenke] P186 ATAGA E27ALY P186
[oeete] pP187 Y/0AVE-/\Q P187
[eeokefens P188 Y/\VEE-/YE P188
[eeoke] P189 VAAE /Y P189
[oerkn] P190 VADSE /Y P190
[oenke] P191 AN P191
[eeats] P192 Y/ AL /FY P192
[eeoke] P193 VAAE - /YY P193
[eeoke] P194 Y/-af£. /¥ P194
VEYVE LN P196 Y/SVAE . [YE P196
Jeeikefons pP214 (YAVEVAV P214
eritefoen p241 \ARY=2IAN P241
feikefoen P283 VEEVE NS P283
IR P526 feeeto]ons P526
eritefoen P1 YI¥VYELIYY P1
Jeeetafons P4 VIsOYE/\A P4
eritefoen P6 Y/AYOE-/YY P6
[ P
-/yasa =L.SD (5%) 5ylbl (glas laie =
J sl JT glacslind Suus |~ S slaolicd Pl parle glagSibe alis
olis ‘;] Slis Mol GUly i @b S lise sz s e G SL oS sl Ol J gowel
B gy heoy3 SO Cla.ﬂja Sol3 oae B 4S5l st 2 1005 o Dld Pl Ol s (25
« P186 5 P241 (clae o (¥ Jsits) ks 35 Dol B3 S s bl i s S
¥AY 5 ¥40 L;_,JS o AJLAJE_E s 33 L3 b 5 (Y Ji.d L5 edalin (g,ls pme LD Dlind

als 0L 1y IVl o 5 e



YEONE ¥ /Y o )lad /1Yt / S alidca) oo 45

oy
<
o
“‘K%
%,
»1,"
2
R

o

gy (LSD==+ /Y5 (/D) si5Usis/ 9 (wligogdsaw o wobuwls ools puuiwg ;] g9 5  Fure Clduwd JMoul o Ulg dun o —F JSW
(! 3o yd O law 43 JId dxe BAT pus o2 HWid S pinine

I o iund Il )3 (5 Sl AiBeo ey gw (8o dmmlilo Y Jouo
oS 8 4y A B o ol 1 Sl C¥ls il

Slid JHol SHSL dgw Oliwd JYed! SASL dgw
fevetifens A231 ofefeto/onn AZtO470
VAYYE L\ A232 [oookefens Azto471
Y/-00%- /Y0 A443 [+vete] Azto472
[ovek.] A448 [eeete] Azto473
[ovek.] A500 [¥ex.] Aztod74
[oook.] A501 [+vet] Aztod75
Py A502 feeekefoes Azto476
Jovakofos A503 [ovekefens Aztod77
[oeete] Azosbra [ooeke] Azto478
[oeete] Azoslipo [oeete] Azto479
[ovet.] B221 [oooks] Azto480
VAAZ /Y B235 [oeote] Azto482
[oeote] B256 YIXAYE/Y P180
[oente] B267 oferets] P184
[eeote] B270 FAYYE/\Y P186
[oente] B271 Y/ossE-[o% pP187
NERRT AR B311 Y/¥0E-/FY P188
fevetifens B312 fevetefons P189
[ouoke] B317 ATAYER9A 0N P190
[onoks] B320 Jeeeta]ons P191
[evet] B326 \IVOvE. /Yy P192
[ovet.] B327 YI\ESE VA P193
VIEESE VA B331 DEERE VAR P194
efesekefeen B416 VANAEE P196
RAREERARE B417 Y/ A Y P214
VYYVE/\A B444 ATATSESVARY P241
[oookefons B445 Y/VEYEFA P283
[ooekefens B509 feeeteons P526
B D N B517 VACAE-/\Y P1
Jovakofons B520 YIOAYE - AV P4
[oveda]ons Bmeg Y/YAA. /A P6
[oooke]ens Azto469

-I"AY =LSD (5%) 5yl slas laio




S B ASL it glaoy B 55 ol ) S e Sliw amslie 5 L3l /YEF

S sdalie (gl sme LDt fﬂmﬂ/’,w}z,ﬂ@

(v J.(J:)
2.5
3 1s
3
31
3,
Y 05 b
0
2

R e e elipe 50 g 05 8 oS 513 Ol LeSole anslia
‘ff@/srwjjfle dawslis s JT Slas Pl Ul

038 sl SL e clls byl 5 eshel

a
C
N
77 3
i ?

Sy (LSD=+ /Y5 (D) 5ilsij 5 pwlisogismw s pushesls sosk puews il G09S (I Olinnd St (1Ulgs sy o —F JSLud
(sl w0 )3 O s jd Iy oo SWBT pus suidd Wi S piuino

25893 A 5

My s s Sl jaS sl QLA o
O N e T TR
X0 5 bawge LUlg AL LUl s U 5l 7vs
P283 P188 (slas yor L2bl |y ) 3550k s il
XNV SeS wdla s cos il b 54 B271
L osboodew Ol W55 55 2Ll 0n 30 Y77 V/AY
(F Jde) wsls Olis
e B 5l b mSL ke slaes S anlis
lisosrpme 058 a8 ol VLS eddaS S A
S SOl s 1y Ll pae 5SSke St
sl s sl sl sl 05 S an s
0 JS8) Bsls LSS oa U (5l ime Sl



VEVAE Y /Y o )lad /1Yt / S alidca) oo 45

(S5 @ by ylad Cunsd) j989 ) W97 )d Lo (G gw (Silo Ao —F Jgua

2989 o s 2999 )3 s
B DR A231 DERRS: 2R Azto470
\/EESE N A232 ATERRE 2V Azto471
VEYVE /¥ A443 DERRS- 2V PPN Azto472
R P A448 VAYYE. /.5 Aztod73
N FO A500 feeetafons Aztod74
Joorkefons A501 URRRS R Aztod75
B DR D A502 DERRS: 2R Azto476
Jeeokofenn A503 NERES M Aztod77
VYYOE -/ Y Azosbra feretefonn Azto478
N FO Azoslipo ¥/-q0%+/-Y- Aztod79
B DR D B221 DERRS: 2R Azto480
VA ot/ e B235 N N Azt0482
N N B256 VEYYEVSF P180
N F B267 Y/OAYE [0V P184
VVEYE- /A B270 Y/¥YVE-/-aA P186
Y/SS5E]enn B271 VAYYE /Y pP187
R S O B311 AN R4 P188
Jekfenn B312 YAVIE-/)Y P189
N N B317 VA £ P190
N N B320 VAYYE s P191
R S O B326 AR =RVARR P192
Y/PTYE. YA B327 YN8k P193
Jevekafon B331 YI¥\EEoen P194
VADYE-[- B416 YINYYE-/- - P196
Y B417 Y/\YOt-/ ¥ pP214
Jevekafen B444 \[ESSE s P241
Jevekafan B445 YIAFAZE /- QY P283
VADYE/\YA B509 Y/NE/FY P526
Y B517 VNAE 2R P1
Jevetafoen B520 V/sovE-/-a8 P4
R Bmeg YAYOE-/-V- P6
RS 2RE Azto469

</ywa = LSD7a

3l (gllas e %




SAws s B ASL it glaoy B 55 ol i) S pee Sl alis 5 b5l /YA

2.5

=
= " N

S5 b8 4 Al bl Cons

©
n

- [l -

~

¢
9

S o Bg > LSD=+ V¥ (/D) p5Lgi s/ 5 polisogpmw spwphowsls 505l srers i/ S09)5 1589 e Mgi e dunmlio —F JSS
Cawl 3o y5 O s )3 415 dre SWAT ous saidd ol

055 4 pal Slid Dl oSle o5k
éue}; szjj JM‘ ugi—’l';‘ C«‘-ejfél"”wa"j‘:ﬂ
olEs V_@b Solsgme N bl 4 "j"é’j?;"‘"’jj/’

(0 JQ:) sl

o1 Oldud Ml
b gor Jas 5 0 Jo cal Slid o551 51 ol b
Ul adlaes,se slaa s 51 7Y0 &S sl OLE
b s o e il | el i Sus |-
& P192,P283,P241 slae s 4y Ly o SIS « s

(0 Jsd) 50 ¥/T0 5 Y48 SYIM S S



YEQA/ANE /Y oyl / VY W/ S wuc...a_, 6«1.9 LR

opl Oliwd  SaiS s Glyi )d 51 Wi Laigw (xSl dwglic -0 Joua

(Pl & A ,had o)

o (Ss $5SL ol S 55
NN A231 fevekefoes Azto470
eeekenn A232 [ooekefens Azto471
Vaete/oy. A443 [eooke]ons Azto472
oot/ A448 [eosefons Azto473
ook A500 [eosefons Aztod74
B P S F A501 feeete]ons Azto475
Jeeets] A502 feeete]ons Azto476
oot/ A503 [eosefons Aztod77
VALE2YR%1 Azosbra [ooetefens Azto478
Jeoetafons Azoslipo JRERE: 2R Azto479
Jeeekenn B221 [ooekefens Azt0480
Y/AYE-/q. B235 [eovte]en Azto482
Jeeotks] B256 V¥EE /A P180
Jeeets] B267 Vodke/f- pP184
Jeeok] B270 Y/o0E/\) P186
Jeeotk] B271 YIVVE V)Y pP187
eeokef B311 2N P188
Jeets] B312 DERES 2YRR P189
Jeeets] B317 Y/oeke/.q P190
Jeeets] B320 Jevekefonn P191
Jeeokofeus B326 ¥/¥0t /vy P192
Jeeotk] B327 Y/ook./.V- P193
Jeeotk] B331 HERES 2y P194
Jeeets] B416 ofeeets] P196
Jeeeke] B417 feeete]ens pP214
Jowoksf B444 Y/AZ < /V) pP241
Jeeot] B445 Y/ast./.5¥ pP283
Jeeets] B509 HEREE P526
NN B517 fevekefons P1
Y/ oY/ 0Y B520 YIVeto[-5¥ P4
[ R 0 N Bmeg ATy P P6
ERRS 2y Azto469

-/-ov =LSD (% S lulinl (glas lude




SAws s B ASL it glaoy B 55 ol b, S e Sliw aslie 5 L5 /Y0

N K

-

¢
<9
G

%

Sy

o

[NMRMIMANNID -

x5

=
b ¥)’
%

B> (LSD=+/+0Y (/0) 5SUgijl 5 (lgegdgm skl ook sl (sLoog,S T Coliund IMosil (2 Uly5 cwmlio -0 JS
Sl 2o 3 O mhaw 13 415 dre WS pas saiad HLis S b

L SL by anly s3leslsl i (:Sle avlis
SV elisesssm 5 sl 055 (586 &S sl 0L
S ol S Bama )3 5 50k 5
rreS SLsisl a5 S s lastp Sos S s
b s sSas 5 S Gl s 3 el &3kl

V58 sla JS5) dezils

oy 3kl 3T

Ly o33l ol Olge S 5ls DL il
—YY/YY o3 9dwe o g quS Ls‘f’ —alisa 6&4.}.},.»
= e Y/ Y88 sy Gy sKis S sl 5 VY
5 B27L B326 slows p (b Jsd) 3 ) o5
SYVES sy o P214 5 B326 BA45 clae s
B V.:Ml:q RS e CagsSs SS IY/EE  YE/PS
RG]



YOVNEY /Y o lad /1Y W / S b ol 45

Coign 9 Caggiume SRl 31 mawly (5oall )3 At (Gl gur (uSilo dnglio —F Jgua

°jw".‘ Wu S dg b:w"’ Wu S dgu
(53 2 055 o) (5 32 05 ko)
CogsSume i CoggSune el
\iz=2a \MAREIRG Azto470 WY/t /a NN A231
of oYY sl t.[55 Aztod71 VYV /eeEe /Ay iz 2N A232
F/asE-[5) V/¥SE- /XY Azto472 \FISYENND Va/ovE -/av A443
Moy /vy NEYE. 55 Aztod73 YY/e kYoo WIEEENND A448
NAsE oy o/aYE- /a5 Aztod74 Ve [SVE- OV VEIYYE- oY A500
\WYESEL/YY Vg5t 5] Azto475 \$lsst. |55 W 2N A501
FINOE- [0 \SIssE oY Azto476 VAIYYE[5¥ \FIEEENND A502
Y/eokefood o/vat-/va Aztod77 WiEsE.vE YV/s8E oY A503
A/YYE-/YY VIXYENY . Azto478 \Y/ YAV \ASSE. 08 Azoshra
YIAYE[A ONVEIYY Azto479 \Y/EVE . [YE [ 7RRE VAN Azoslipo
IARERI(N Sleet/A Azto480 FIYYEL VY il INY B221
FIAOE - [5Y o/ssE\Y Azto482 \O/YYE SV VIV JaY B235
\Y/eeke/0. WIYAE /A P180 V[ oo /oA YY/s5t . [5¥F B256
Vo /¥VEL AN \YYERE 2RI P184 WovE./of N2z 2Ng B267
VoINS Yy YY/¥YE V/VE P186 WISYE. /Y \Flsst. s B270
WIVAE /YD VEIXVEN /Y p187 YY/05E - [5) YV/¥YE. /A B271
VF/AYE/AY O/ -0EN/YY P188 \ATRRE Y YE/XYE/YY B311
VNESE. (55 YAXVEL /N P189 NS AR WAEVE- /5] B312
VE/s5E NS a/sst./-q P190 VWV/YARV/YY YY/sSE XY B317
VE/ASE /20 Vo IEEENY P191 AAN RIS a/yv+-/a) B320
VEIVEEN/YY VFISEE LYY P192 YE/SYE YA NAAETIAA B326
\Y/s5t. Y5 VF/AVEV/YY P193 YY/eoke/oY VAf« ot /o¥ B327
VEIADENEY YY/YAZN/YY P194 NN YN B331
YY/VEEV/AY YO/FYE- IV P196 VWY [5F YY/EAL - [5) B416
Yo IAVEN/YE FY/YALY/YA P214 VE/YYE. AV VE/YE YV B417
\SIfOE - [5¥ VE/YAEN /YD P241 FAYE./YY R 2= AW B444
\W/EAL /YA \OIYSE-[55 P283 YY/ONE /55 Va/sst LYY B445
\LYRRE VLW YAIYAE N/ P526 Y/eeke/oN \O/YYE - JAY B509
Va/¥at-/Ad VIsat . [50 P1 Y/sAL - [aY YYNYE /Y B517
Vo IVVEN/EY VY. /Y P4 V¥V VAV /2 B520
VSIS JASY \o/sak. /Y8 P6 A/ At /0 \S[eot e [SA Bmeg
Y/AvE. /50 Y/YYE. /a5 Azto469

\/AVY- =LSD (5%)

y vy =LSD (%)

5 bl cllos Jlace &




Sy LS il glaoy 8 53 olS i, S e Olhw awglin 5 4Ll /YOY

[y
(o]

=
B

(5 52 055 o)

o N B O

3

(10) Cuigu | 48Ug7j1 5 wligogdguw  pwghuwls (osls pmwgif G095 lawgs mamliy (6 3wdl 5T (2 UlgF dunglio — & JSU5
ol 0o )3 O g )3 415 Jre BWAT pue saidd Wi S puive Bg > (LSD=Y/AY

S e
N B OO 0

(55 2 05 (o) CugoSme pamarliy

i

(LSD=+/V¥ (/0) 55Ul 5 pwlipogopmw s rshels sosk pass jf G09S Cguwgo iy (55Ldljl 22Ulg5 dummyliio — ¥ JSU
Lol a3 O s )3 1> (o SWS] puc saiad LS S pbe g >

EPS -\:Jy"
lisesspw 03,8 oS sl LS ey S U..fgl:a Foww v

I, EPS Jlade o meS posbesl 055 5 Oy cp 5 i
2l (s ime N STyl 5 ol s T3 S A5
(A JS3) dslas oL

W Ul baay g 51700 a8 sls OLES b
o ke slad s EPS W g Ol azisls | EPS
Slaa g 4 Glane Slade o 5ty s BIAY B/Y

OV dsd) s 2 s @5 SINS 5 8/80 4 8/0¥



YOY/NE ¥ /Y o)lad /1Yt / S wlidcm) oo 4,5

(ko 53 25 (o) EPS gi )3 ciliseo (s raygw (Sl dumnliio -V Jga

S agw EPS SAL agw EPS
A231 Jeeets] Azto470 V/ast./.5
A232 N Aztod71 Jyate/ey
A443 Jeeets] Azto472 Y/EYE/VE
A448 N Azto473 INYE[eeY
A500 N Aztod74 N2 YRR
A501 N Aztod75 AV
A502 HY/SAENNY Azto476 VosEe]e -0
A503 YIYYE-/5¥ Azto477 V/AYE- /¥

Azosbra fovete]ens Azto478 ¥/yat./vE

Azoslipo FISVE YA Azt0479 VIVAE/¥E
B221 [eooke] Azto480 VIYSE. o5
B235 R S PN Azto482 VAYE/VY
B256 R S PO P180 R S PO
B267 [eooke] P184 R S PO
B270 [evete] P186 DIYVE[FA
B271 Y/-0x-/\Y p187 OIYAE -/
B311 et P188 Y/EEE /Y-
B312 et P189 I PO
B317 et P190 SIVEE./EY
B320 Jevets] P191 R S PO
B326 R S PO P192 AV
B327 DAYE[. o5 P193 o/ \EYF
B331 JOAE -] P194 F/AAL - /0A
B416 VSVt /¥ P196 [P S P
B417 SIYNVED p214 V/AAE /Y-
B444 VAR ¥ p241 BAYE /Y
B445 feeet]ons P283 slsot. /oY
B509 B P B P526 SINFE/VF
B517 B P B P1 A/AAE /Y
B520 VAT /D P4 Jevetfons
Bmeg Jeeeta]ons P6 [P S P

Azt0469 JaYet./.y

V/¥AYa =LSD (5%) 5kl olas lude *




S B ASL it laoy S 55 ol A, S e Slio awslis 5 o5, /YOS

3.5

EPS (yd y2 p)5)
N
N (9]

=
wn

bc

[EEN

©
o

N .

o

R

Il -

b

7 )
7

S b g > LSD=V/YY (70) 75U 5l 5 (wlisagdem kel oghs yunl 09,5 bawsi EPS sdgi (il danalie —A JSu5
(ol 3u0 yd O gl 45 Iy Sxe BWE] pus oaidd Wi

NEFSIEPLY okal - ngfis sl S8 s s eslanad
5 Do) A RUE L ST a5 OBty S
by oSt A5 (T sl 048Y oK
w5 0L gy 5 Gl LGORAY-Y o g [l g olip0 00 5o
58S sk 8L R o SL cliS b
Qs 5 230 Sk Ore 5Yer e O slackils
A 03 oS e YYNV 5 YR/ Y0 NFD 5w
S5 0331 (700 Y (S 5 ) A5 ]
lisosrsw 5 SLug |y sl g LUl TSB 4
Sl lale s a5k sls (LIEIMY g5 i) 5l6
VIV 5 Ol gy 2l 2 3 e S e Yoo 5 Y0 o0/
(Soplial) L2 5 eS| 2 s oS s 45 50
e Olge & L 5o gl uiS L 5o (Y004
Gye So s iy elisesdse dse aw Qg s
AYA p3lie o 5w dadl s [k ol polipe s e
LS 5 AR 23 5 68 e YI/Y 5 YAV VY
Lsp3 50 G g (Yo e OSer 5 g9 — o0 55)
Solm S5 mle ol e 53 0dd CUAS 56
OF/Y B %Y Wg Uiy Sl s - dl 1) 550
e (VY dasls) sl L 1 ST 2 53 58 s
MCOV 5 45M BYS i oli ulise s 4o g
A3 S e You (sl JBlas Lo 5 et S

A Gl st PGPR o) S

Gas S dnmy 53 age LIyl Al e LarS wSle
5 e s 03 et M s sa Gl g Sl e
3o A alyy Ay s Sokler (Il e
St g 45 A5 asnia glasdlae s (TIA O, Kas
Gtz Glaes 3L alis 55 ST oL lis oS 5
Gl Gt b has B gie W UL
M5 e (YorX OLen 5 W) Llazsls oS
VBN oy S 3ls 0L PGPR 4 4w O Laww s S|
Lol e sellS 5 38 a5 ST 1) 5 5 s
(Y00 Oan 5 daml) 35 oligoss oo 31 (Sl
IAA sy sl osle Sy G Ol 4 QU s 5=
e ol 5 (OAQY 1y ) et ald bag SL s
Gl ol W 0T miwse 53 Oligiy 5 4 dxels
o slSle awmlie (0480 wd 5 Slssly)
baoes 55 eSS 50 06 52 5 - dl s glac ale
oSt 5 Ul 0By 5 Rl Bl L as sl 0L TSB
P241 P214 clas SU il L5l s s b g
Mg o 2VL O 0 gz 5~ )l 3 P87 5 P283
—Jsdl W55 aS el eds SIS s S S5 1 peS]
syl 5 Skt OLllr 5, a4 denl Szl Y
OLar 5 sack) 35 o g by ol iy

Ub‘):ci);_d\djv\-’jbkﬁj)jﬁj\ﬁ_}}i J\JD(Y'\O



YOONYF Y /Y o)led / VY Ml / S wlidca) oohe 4,

LS W5 Jgloms i 1) 3 8 e YTVIV 5 YYV/P
(Y OLas 5 0555)
&}OATQJW‘«J_SL}):&AT{.&;\W
Ghls &8 (o) bl 5 K ail . (Fe™)
Qqu'l?.-J'.i) E) duL.s 6‘]39&9 5 o>y éﬁb Q.;J)A?-
5 ods ) Sbt s s e el Sland X,30 ags sSU
(VAL L 5 08) das 13 olS Ll s 1 0
Ol pioie  P1925 P283 ( jimss ol o
S Gkl sl 1) el clils Saus |
oSS S daen et LIS L g e y2d
oS Ly Ol Ll sl 5 a3l R yipd)l,\ig
du)jﬁ}).l?w J:.S_}; tﬂr_uj: PGPR ajj§ J\J).J:ch
als 1y olS 5lis) s oAl Ll aS Wl 1 s S
1S 5l 0L 5 sk 5 U5 L3l Lol
SSke S W gl b g ke W 5 s S S
@i\;d%\ﬁbb«i}&d}}ﬁﬁ@duﬁw
Saasw 4 by SIS @ dle Jh3 cod on SN
>4 P188 ; P283 B271
S Sl B 3 (5 e U (el
5 s oS s s da 5T Sladled il Sl
SL3 Uls hls slaa g sleslazal ((Y4V 8 Ol
o) J:"’U 03 e s S o r.:..ﬂl:_. ;J.::S;\j 3
Slag s s pl s ol Caeal Gl ae
oSt bl s S g5 5 Sk
ey Ol (P Jsdx) amil ks SS -
03 Sy S ge S (gl il Gl s b 5 0 |
Clism S8 Gl & fﬁdl,.p Yo=Y /88 aals
B271 P214 slaw s 55 ) f;‘fi?‘ Y/VY-Y/YY

L Jladls SIS 5 el 3Ll s IS

OLSr 5 O) a8 5 oSt ) 55 0 S s
Lilen bawsw 3l pam ol iasn s (YT
5Vl slaclale ol A231 , A232 Azto474
Lg S g b 5 —dl e mlaw 53 1) enS]
Ao Bl s b pl g ST LS Ol
e 53 055 5L5 ol 52 4 015 e 15 OB 5
lsassp apw VY &S sl 518 sl Ly, TSB
Ok mle SiS lams 5o STl s A 5 o5l
55 S ke Y/ B ONY Olsm oy 0l s 5 03,8 Ll
53 (Vo0 OLKas 5 dexl) s S A5 st 1)
5 AL Glaa g oS ol (55155 55 6 S0 s
Wy ly daily il gls e 51 ol e/
S 300 G pSam 05 o opl plo S eslizul unS]
IAA s Gl GRS baase Sl g5
AL 63 S esliul
5 36lnd 5l a5 5l eslizd LPGPR o5 8
chos PH 288 Gy b 515 dee 5 JT sladead W) 5
5 ke S0 4 ) ed sl 5 J sl o5 I
FoXY OLen 5 ilw) Lslas oS Cde LB
Sl S VAV L a 5 &S A8 5 S
L dsoms bo oSIaS Wil 5 o JT ol oS ol
5 e Al S WSl b ol L5 (55 sl
o A 3l el Gk sy dms SC25
4 sls Ol Lol (T O 5 Loyls) dps
5 xzals |, Cas(POs) Jooul oUly lawy g jnis
o3 sy 53 2p PI8T & bype jlade 5 S
b U5 g s s 5l ekl =508 a5 (5 5L
C P ey 5 anil Jdee ol = s
035 ) 53 (G588 IS+ dla Jh3 )
Ae3y) 391 ine 2 53 S ke FIVY YNNG Ly gl
g e S Kals OLES Ly (Yoo ¥ O
odi =iS BYS 545M MCOV iy s oliso 0 s

SFOMY Cd 5w 53,0 Sde 5 Landl g PKV s s



SAws s B ASL it glaoy B 55 ol ) S e Sliw amslie 5 L3I /Y0P

& 7S dond
Sl @ Glate 4 PY sl lass ol 5o
5 oS (PGPR) 1) S e sla SL e 055
5 sl Ui olige s s Jals 0151 glaSLs
5 mon Gy Some S Sy I 5l pal sl
S 5l elipe g0 g 05,5 4S sl oL @Lﬁ A A s
kbl ol Sl DSl sl
Susl= (EPS) e ol sl
e Ml ses S an b Iy i claclivs
AUl 5 elisasism 058 53 sy 0L (o)l
Or 5 o Qb s i=dl o shw 53 L IAA Oljee o SV
U5 S skl oS XS A 1) pe e S
o S sn S prligass g 5 oS s 3l il (3Ll
Sleosas i 53 e bgegs g aSG) Loaals
Loy Dl a SSe sbase Sl gAE) S e
Fro s ey S ol Sl b ax s L dopll
o Slel plple Al VLS (g 5 s sl Sss
356 il 4le Olge a baay s ol 5l eslinal (gl 5555
P 5 s 5l S 53 ST e e 53 s

.Jﬁab%\vﬁaj;

Sl i o 4 LD, S e slags SL
cmzan (Y018 OLan 5 gadtin) Sl sl 55158
S Sl el (53LdlT o Ll oS 0 55158
(T Ol 5 W) ol st 39S 5|

EPS Jlie (5t olisnsasm 05,8« Shassy nl 5
i o e Simen 45w IS 5.5 205 )
gl Loy EPS Wg 5 Six 0 4 feos
L Sosler 3sls 35m5 GAP-PAS L1iy ulisess o
olP Sl ks BPS g 5 (Sas s Gl
Ll A 5 4zt ss kb g S e L o
(S g o (6,SL gl LI s
Oemed 5 Ay 4 sdemr S IG5 Ol 158
Sl ol gy lasme 53 Sl feudly ks
(Y004 Ol 5 Lakils)



YOV/NE oY /Y oyl / VY W=/ S wuc,....:, 6“1‘9 LR

Refrence

1. Ahmad, F., Ahmad, I., and Sahirkhan, https://doi.org/10.1016/S0021-

M.2005. Indoleacetic acid production

9673(00)89300-0

by indigenous isolates of Azotobacter 8. Ghosh, S., Mondal, S., Banerjee, S.,
and fluorescent pseudomonas in the Mukherjee, A. and Bhattacharyya, P.,
presence and absence of tryptophan. 2023. Temporal dynamics of potassium
Turk. J. Biol. 29: 29-34. release from waste mica as influenced
Alexander, D. B., & Zuberer, D. A. by potassium mobilizing bacteria. J
1991. Use of chrome azurol S reagents Pure  Appl  Microbiol,  17(1).
to evaluate siderophores production by https://doi.org/10.22207/JPAM.17.1.1
rhizosphere bacteria. Biology and 7
Fertility of soils, 12, 39-45. 9. Glick, B.R., 2015. Beneficial plant-
https://doi.org/10.1007/BF00369386. bacterial interactions (Vol. 243).
Aleksandrow, V.G. Blagodyr, R.N. and Heidelberg: Springer.
liilev, 1.P., 1967. Liberation of https://doi.org/10.1007/978-3-319-
phosphoric acid from apatite by silicate 13921-0
bacteria. Mikrobiolohichnyi zhurnal, 10. Goswami, S.P., Maurya, B.R., Dubey,
29, 111-114. A.N. and Singh, N.K., 2019. Role of
Belimov, A.A., Dodd, I.C., Safronova, phosphorus solubilizing
V.l., Shaposhnikov, A.l, Azarova, microorganisms and dissolution of
T.S., Makarova, N.M., Davies, W.J. insoluble  phosphorus in  soil.
and  Tikhonovich, LA,  2015. International Journal of Chemical
Rhizobacteria that produce auxins and Studies, 7(3), pp.3905-3913.
contain 1-amino-cyclopropane-1- 11. Jalali, M., 2006. Kinetics of non-
carboxylic acid deaminase decrease exchangeable potassium release and
amino acid concentrations in the availability in some calcareous soils of
rhizosphere and improve growth and western Iran. Geoderma, 135, pp.63-71.
yield of well-watered and water-limited https://doi.org/10.1016/j.geoderma.200
potato (Solanum tuberosum). Annals of 5.11.006
Applied Biology, 167(1), pp.11-25. 12. Jeon, J.S., Lee, S.S., Kim, H.Y., Ahn,
https://doi.org/10.1111/aab.12203 T.S. and Song, H.G., 2003. Plant
Dobbelaere, S., Vanderleyden, J. and growth promotion in soil by some
Okon, Y., 2003. Plant growth- inoculated  microorganisms.  The
promoting effects of diazotrophs in the Journal of Microbiology, 41(4),
rhizosphere. Critical reviews in plant pp.271-276.
sciences, 22(2), pp.1071. 13. Johnston, A. E., Poulton, P. R,
https://doi.org/10.1080/713610853 Goulding, K. W., Macdonald, A. J., &
Egamberdiyeva, D. and Hoflich, G., Glendining, M. J. 2016. Potassium
2002. Root colonization and growth management in soils and crops: A
promotion of winter wheat and pea by review. In Proceedings of the
Cellulomonas  spp. At  different International Fertiliser Society, 792:52
temperatures. Plant Growth Regulation, o
38, : pp.219-224. 14. Kepert, D.G., Robson, A.D. and
2t7t§s.//d0|.orq/10.1023/A.1021538226 Posne_r, AM. 1979. The ef.fect. _of
Ehmann, A. 1977. The Van Urk- organlcrootproductsontheavallablll_ty
Salkowski reagent-a sensitive and of phosphorus to plants. In The 30|_I-
specific chromogenic reagent for silica root mterfac.e (pp_. 115-124). Academic
. . Press. https://doi.org/10.1016/B978-0-
gel _ thin-layer chromatographic 12-395550-1.50015-X
detection and identification of indole 15. Khalid, A., Arshad. M. and Zahir. Z.A.,

Journal of
267-276.

derivatives.
Chromatography. 132,

2004. Screening plant  growth-
promoting rhizobacteria for improving
growth and yield of wheat. Journal of


https://doi.org/10.1007/BF00369386
https://doi.org/10.1111/aab.12203
https://doi.org/10.1080/713610853
https://doi.org/10.1023/A:1021538226573
https://doi.org/10.1023/A:1021538226573
https://doi.org/10.1016/S0021-9673(00)89300-0
https://doi.org/10.1016/S0021-9673(00)89300-0
https://doi/
https://doi/
https://doi.org/10.1016/j.geoderma.2005.11.006
https://doi.org/10.1016/j.geoderma.2005.11.006
https://doi.org/10.1016/B978-0-12-325550-1.50015-X
https://doi.org/10.1016/B978-0-12-325550-1.50015-X

20.

21.

22.

23.

. Kloepper, JW.,

SAws s B ASL it glaoy B 55 ol i) S e Sl alis 5 b5l /YOA

applied microbiology, 96(3), pp.473-
480.  https://doi.org/10.1046/].1365-
2672.2003.02161.x

. Khalil, A.A., Fetyan, N.A. and Hemeid,

N.M., 2010. Effect of Bacillus circulans
and Azotobacter chroococcum
inoculation on potato roduction in
presence of different mineral potassium

sources. Journal of Agricultural
Chemistry and Biotechnology, 1(9),
pp.471-483.

https://doi.org/10.21608/jacb.2010.900
59

. Khosravi, H., Khoshru, B., Nosratabad,

A.F. and Mitra, D., 2024. Exploring the
landscape of biofertilizers containing
plant growth-promoting rhizobacteria

in Iran: progress and research
prospects.  Current  Research in
Microbial Sciences, p.100268.

https://doi.org/10.1016/j.crmicr.2024.1
00268

. Kinabo, J.0.Y.C.E. and SALAAM, D.,

2015. Role of potassium in human and
animal nutrition. In First National
Potash Symposium Dares Salaam.
Lifshitz, R. and
Zablotowicz, R.M., 1989. Free-living
bacterial inocula for enhancing crop
productivity. Trends in biotechnology,
7(2), pp.39-44.
https://doi.org/10.1016/0167-
7799(89)90057-7

Kumar, P., Kumar, T., Singh, S.,
Tuteja, N., Prasad, R. and Singh, J.,
2020. Potassium: A key modulator for
cell homeostasis. Journal of
Biotechnology, 324, pp.198-210.
https://doi.org/10.1016/j.jbiotec.2020.1
0.018

Kundu, B.S. and Gaur, A.C., 1980.
Establishment of nitrogen-fixing and
phosphate-solubilising ~ bacteria in
rhizosphere and their effect on yield
and nutrient uptake of wheat crop. Plant
and soil, 57, pp.223-230.
https://doi.org/10.1007/BF02211682
Mengel, K., Kirkby, E.A., Kosegarten,
H. and Appel, T., 2001. The soil as a
plant nutrient medium. Principles of
plant nutrition, pp.15-110.
https://doi.org/10.1007/978-94-010-
1009-2 2

More, T.T., Yadav, J.S.S., Yan, S,
Tyagi, R.D. and Surampalli, R.Y.,

2014. Extracellular polymeric
substances of bacteria and their
potential environmental applications.
Journal of environmental management,
144, pp.1-25.
https://doi.org/10.1016/j.jenvman.2014
.05.010

. https://doi.org/10.1002/1522-

2624(200008)163:4<393::AID-
JPLN393>3.3.CO;2-N

. Naseem, H., Ahsan, M., Shahid, M.A.
and Khan, N. 2018.
Exopolysaccharides producing

rhizobacteria and their role in plant
growth and drought tolerance. Journal
of basic microbiology.58 (12): 1009-
1022.
https://doi.org/10.1002/jobm.2018003
09

.Wautiyal, C.S.,, 1999. An efficient

microbiological growth medium for
screening  phosphate  solubilizing
microorganisms. FEMS microbiology
Letters, 170(2), pp.265-270.
https://doi.org/10.1016/S0378-
1097(98)00555-2

. O'sullivan, D.J. and O'Gara, F., 1992.

Traits of fluorescent Pseudomonas spp.
involved in suppression of plant root
pathogens. Microbiological reviews,
56(4), pp.662-
https://doi.org/10.1128/MMBR.56.4.6
62-676.1992

. Patten, C.L. and Glick, B.R., 2002.

Role of Pseudomonas putida
indoleacetic acid in development of the
host plant root system. Applied and
environmental microbiology, 68(8),
pp.3795-3801.
https://doi.org/10.1128/AEM.68.8.379
5-3801.2002

. Pikovskaya, R., 1948. Mobilization of

phosphorus in soil in connection with
vital activity of some microbial species.
Mikrobiologiya 17: 362-370. Plant
Soil, 287, pp.77-84.

. Radwanski, E.R. and Last, R.L. 1995.

Tryptophan biosynthesis and
metabolism: biochemical and
molecular genetics. The Plant Cell,
7(7), p.921.
https://doi.org/10.2307/3870047

. Rafi, M.M., Krishnaveni, M.S., and

Charyulu, P. 2019. Phosphate-
solubilizing microorganisms and their


https://doi.org/10.1046/j.1365-2672.2003.02161.x
https://doi.org/10.1046/j.1365-2672.2003.02161.x
https://doi.org/10.21608/jacb.2010.90059
https://doi.org/10.21608/jacb.2010.90059
https://doi/
https://doi.org/10.1016/0167-7799(89)90057-7
https://doi.org/10.1016/0167-7799(89)90057-7
https://doi.org/10.1016/j.jbiotec.2020.10.018
https://doi.org/10.1016/j.jbiotec.2020.10.018
https://doi.org/10.1007/BF02211682
https://doi.org/10.1007/978-94-010-1009-2_2
https://doi.org/10.1007/978-94-010-1009-2_2
https://doi/
https://doi.org/10.1002/1522-2624(200008)163:4%3c393::AID-JPLN393%3e3.3.CO;2-N
https://doi.org/10.1002/1522-2624(200008)163:4%3c393::AID-JPLN393%3e3.3.CO;2-N
https://doi.org/10.1002/1522-2624(200008)163:4%3c393::AID-JPLN393%3e3.3.CO;2-N
https://doi.org/10.1002/jobm.201800309
https://doi.org/10.1002/jobm.201800309
https://doi.org/10.1016/S0378-1097(98)00555-2
https://doi.org/10.1016/S0378-1097(98)00555-2
https://doi.org/10.1128/MMBR.56.4.662-676.1992
https://doi.org/10.1128/MMBR.56.4.662-676.1992
https://doi.org/10.1128/AEM.68.8.3795-3801.2002
https://doi.org/10.1128/AEM.68.8.3795-3801.2002
https://doi.org/10.2307/3870047

YOANF Y /Y o led / VY s / S wlidcan) oohe 4,

32.

33.

34.

35.

36.

37.

38.

emerging  role in  sustainable
agriculture. In V. Buddolla Ed., Recent
Developments in Applied
Microbiology and Biochemistry pp.
223-233.
[https://doi.org/10.1016/B978-0-12-
816328-3.00017-9

Rashid, M., Khalil, S., Ayub, N., Alam,
S. and Latif, F., 2004. Organic acids
production and phosphate
solubilization by phosphate
solubilizing microorganisms (PSM)
under in vitro conditions. Pak J Biol
Sci, 7(2), pp.187-196.
https://doi.org/10.3923/pjbs.2004.187.
196

Sandhya, V.Z.A.S., Grover, M., Reddy,
G. and Venkateswarlu, B. 2009.
Alleviation of drought stress effects in
sunflower seedlings by  the
exopolysaccharides producing
Pseudomonas putida strain GAP-P45.
Biology and fertility of soils. 46(1):17-
26. https://doi.org/10.1007/s00374-
009-0401-z

Sarwar, M. and Frankenberger, W.T.,
1994. Influence of L-tryptophan and
auxins applied to the rhizosphere on the
vegetative growth of Zea mays L. Plant
and Soil, 160, pp.97-104.
https://doi.org/10.1007/BF00150350
Sarwar, M., 1993. Microbial
production of auxins in soil and their
influence on plant growth. University
of California, Riverside.

Sarwar, M., Arshad, M., Martens, D.A.
and Frankenberger, W.T., 1992.
Tryptophan-dependent biosynthesis of
auxins in soil. Plant and Soil, 147,
pp.207-215.
https://doi.org/10.1007/BF00029072
Scavino, A.F. and Pedraza, R.O., 2013.
The role of siderophores in plant
growth-promoting bacteria. In Bacteria
in agrobiology: crop productivity (pp.
265-285). Berlin, Heidelberg: Springer
Berlin Heidelberg.
https://doi.org/10.1007/978-3-642-
37241-4 11

Sharma, S.B., Sayyed, R.Z., Trivedi,
M.H. and Gobi, T.A., 2013. Phosphate
solubilizing  microbes:  sustainable
approach for managing phosphorus
deficiency in  agricultural  soils.
SpringerPlus, 2, pp.1-14.

40.

41.

42.

43.

44,

45,

https://doi.org/10.1186/2193-1801-2-
587

. ala, L.1.D., Pereira, M.C., Carvalho,

A.M.X.D., Buttrés, V.H., Pasqual, M.
and Doria, J., 2023. Phosphorus-
solubilizing microorganisms: a key to
sustainable agriculture. Agriculture,
13(2), p.462.
https://doi.org/10.3390/agriculture130
20462

Sindhu, S.S., Parmar, P., Phour, M. and
Sehrawat, A., 2016. Potassium-
solubilizing microorganisms (KSMs)
and its effect on plant growth
improvement. Potassium solubilizing
microorganisms  for  sustainable
agriculture, pp.171-185.
https://doi.org/10.1007/978-81-322-
2776-2_13

Skvortsov, I.M. and Ignatov, V.V.
1998. Extracellular polysaccharides
and polysaccharide-containing
biopolymers ~ from  Azospirillum
species: properties and the possible role
in interaction with plant roots. FEMS
microbiology letters, 165(2): 223-229.
https://doi.org/10.1111/j.1574-
6968.1998.th13150.x

Staswick, P.E., 2009. The tryptophan
conjugates of jasmonic and indole-3-
acetic acids are endogenous auxin
inhibitors. Plant physiology, 150(3),
pp.1310-1321.
https://doi.org/10.1104/pp.109.138529
Sundara, B., Natarajan, V. and Hari, K.,
2002. Influence of  phosphorus
solubilizing bacteria on the changes in
soil  available  phosphorus and
sugarcane and sugar yields. Field crops
research, 77(1), pp.43-49.
https://doi.org/10.1016/S0378-
4290(02)00048-5

Torres-Rubio, M.G., Valencia-Plata,
S.A., Bernal-Castillo, J. and Martinez-
Nieto, P., 2000. Isolation of
Enterobacteria, Azotobacter sp. and
Pseudomonas sp., producers of indole-
3-acetic acid and siderophores, from
Colombian rice rhizosphere. Revista
Latinoamericana de Microbiologia,
42(4), pp.171-176.

Yousuf, S., Nagash, N. and Singh, R.,
2022. Nutrient Cycling: An Approach
for  Environmental  Sustainability.
Environmental Microbiology:



https://doi.org/10.3923/pjbs.2004.187.196
https://doi.org/10.3923/pjbs.2004.187.196
https://doi.org/10.1007/s00374-009-0401-z
https://doi.org/10.1007/s00374-009-0401-z
https://doi.org/10.1007/BF00150350
https://doi.org/10.1007/BF00029072
https://doi.org/10.1007/978-3-642-37241-4_11
https://doi.org/10.1007/978-3-642-37241-4_11
https://doi.org/10.1186/2193-1801-2-587
https://doi.org/10.1186/2193-1801-2-587
https://doi.org/10.3390/agriculture13020462
https://doi.org/10.3390/agriculture13020462
https://doi.org/10.1007/978-81-322-2776-2_13
https://doi.org/10.1007/978-81-322-2776-2_13
https://doi.org/10.1111/j.1574-6968.1998.tb13150.x
https://doi.org/10.1111/j.1574-6968.1998.tb13150.x
https://doi.org/10.1104/pp.109.138529
https://doi.org/10.1016/S0378-4290(02)00048-5
https://doi.org/10.1016/S0378-4290(02)00048-5

46.

S B ASL it laoy B 55 ol b, S e Sliw awslie 5 L3I /YE

Advanced Research and
Multidisciplinary Applications;
Bentham Science Publisher: Sharjah,
United Arab Emirates, p.77.
https://doi.org/10.2174/978168108958
4122010007

Zhao, Y., 2012. Auxin biosynthesis: a
simple two-step pathway converts
tryptophan to indole-3-acetic acid in
plants. Molecular plant, 5(2), pp.334-
338. https://doi.org/10.1093/mp/ssr104



https://doi.org/10.2174/9781681089584122010007
https://doi.org/10.2174/9781681089584122010007
https://doi.org/10.1093/mp/ssr104

