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Article type: Background and Obijectives: Plant growth-promoting rhizobacteria

Full Length Research Paper  (PGPR) are soil bacteria that colonize the rhizosphere of plants, enhance
plant growth and may alleviate environmental stress, thus constituting a
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Materials and Methods: An in vitro experiment was designed with two
factors: salinity (control without salinity (NS), 60 mM (S1), 120 mM (S2)

Keywords: and 180 mM (S3)) and PGPR inoculation (control without inoculation,
Antioxidant enzymes, inoculated with Pseudomonas fluorescens, inoculated with Pseudomonas
Osmolyte, ) putida and inoculated with Azotobacter chroococcum). 15-day-old
Plant growth-promoting inoculated or non-inoculated seedlings were grown in jars containing MS

microorganisms,

Salinity plant growth medium and NaCl treatments. Plants were grown in the

growth chamber for 35 days and then assessed. Fresh weight, dry
weight, length of root and shoot, photosynthetic pigments, proline,
malondialdehyde and some antioxidant enzymes were evaluated.

Results: Salinity decreased liquorice growth, regardless of the PGPR
treatment and the salt stress level. The plants inoculated with P. fluorescens
had significantly greater shoot biomass than the control plants at all salinity
levels, whereas the A. chroococcum inoculation only was effective in
increasing shoot biomass at the higher salinity level and P. putida had no
significant effect on shoot growth. Root length decreased in all bacterial
treatments under salinity. P. fluorescens treatment showed a significant and
increasing effect on root length at all salinity levels. The salt tolerance
index was significantly higher in PGPR-inoculated plants at 120 and 180
mM NacCl. The effect of P. putida was more significant in the improvement
of total chlorophyll content rather than other species. Salt stress induced
malondialdehyde (MDA) and proline production in both inoculated and
non-inoculated plants, however inoculation with Pseudomonas species
significantly reduced MDA content and increased proline content,
especially at 60 and 120 mM NaCl treatments. Moreover, the activity of
superoxide dismutase and guaiacol peroxidase raised significantly, as the
salt level increased. PGPR inoculation induced a higher increase in these
antioxidant enzyme activities at all salt levels. The salinity stress decreased
the concentration of K and K/Na ratios. Bacterial inoculation significantly
increased K concentration under severe salinity stress and promoted a
higher K/Na ratio.
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Conclusion: Inoculation with all PGPR species at 120 and 180 mM NacCl
led to the enhancement of salinity tolerance of liquoric through increased
production of proline and antioxidant enzymes and maintaining a higher
K/Na ratio. Results indicate that inoculation with selected PGPR,
especially Pseudomonas species could serve as a useful tool for alleviating
salinity stress in liquorice.
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Fig. 1. Liquorice seedlings grown in vitro under different salinity levels and bacterial inoculation.
NS, S1, S2, and S3 are non-saline, 60, 120, and 180 mM NacCl, respectively.

Av il el b olg e 5 438 Gl
adslome e 5 i ebly 2 s Yo 4 ds s
Slp sl PTGz e dsb 53 WSlr ) sbe
Ly b LS Gl esU TV s A Jds S
Ly ol (Ol PG TB0) e y58 5 2K
A Jds S Glyme 3 gladal, 51 eslind
& Jb5JS g gemme 5 (Yl ) b J35 )5 () dlal))

A aule (F el b

Chla (ug mL ™) = (12.25 Aggs — 2.79 Agsy)
Chlb (ug mL™) = (21.50 Ags7 — 5.10 Ages)

Chla+b (ugmL™) =Chla+ Chlb

(alsr i g ade,y sk (S 035 5 0

Ol s e ss Sl Sy sl
3 o SISl 5T 5 S s AsTss
238 3 bl s LS A Lol
ooy b el L e nSS, slyes (5 86l
A7) as bl (Yr0)) et 5l
ol AR 053 S e S Y e
o B U ol Jlone 5 Lt il ds s A

()
(¥)

)



VFY Y b)l.o.n.:} A 2,93 ‘uﬁlﬁf .A.&J,; ‘_glhu,u.h9f A g

A oslinad 35 50 sl 5T Sdlad o ol
4 (Gt JSLE) lans]y cdles (5 Seslul
Olge oy JSUI Sl aslinal b (g e gy Sl 2,
5 e JlBl s A pladl 0 S0l eias e
W35 IR e 2o5s ISUEIE LSS s
ol S ol e Ol a3l Al S
e i 52 JSUISIE Jses S ) S
3B ey ST g w1 Cdled (Y 0) A i
SB35k el plend s o on 5 (SOD)
LS o ods3l sk 5 a5 6o ) 51 SOD sl
Col S el Ol 5 A3 (¢S5l (NBT)
o 3oy & NBT Ll 51 ssys 00 Conile
Cls Al S Olpea b3S bl Lals
e sl (M) As 4 S ks SOD sl
(YY) i oslizad ¥ ey 5l (5,58 4 Joms Lastls

Salt Tolerance Index (STI) = DWS or DWH/DWC

O3 ls ks s 5 P fluorescens ¢ =L ks
Oady dald Hlad @ Cond S A sdalls (650
sS0 L CBJ NGO Ly CO e VRGP P Cﬁl;
Nyeidee YAY 5T~ gl 55 P. fluorescens
i 03 SRIB s b A e S
313 0L el sy alis b amglie 55 olsa i
ol sme 5 5bar A Chroococcum (g SL L ils
gl 03 Gl s A 035 R e e
23 b LIS Ve e VAR 5 (550 O el
O dsar) 48 =il Os dald Loalis
Solssxe e I P fluorescens (g SU o os
(Sosd Ok Aald sk s plse i sk
S AL 1 DL e IS Vg s 1Y 5 8
sl i dsb gsd pske ol 2 PLoputida
oI Golsgme psbay el boaslas s )
Loskimil ObLS s hIE ol s o
Ao s AT sl s A Chroococcum

K.

Some Sleslaal bl e

OLer 5 i Bas el 2 aodea s
Cyad A opdsp Dlie 5 (VW) b8 el (VAVT)
> O kel e 1 eslinad L
S Al g e 5055 0S5 2 s Jses S
Olge & (MDA) aadliss Oyl Jldis e
e T
Sl OA) L s (TBA) sl S 2l 28
Al Caxr LS glakses S Selae
L o¥se /) Slind Bl Sl s 3550 Slage 5
(PVP) s s s b oss +/Y g5l PH=V
Aol Szl 15 el 5 sl Ngs s /)
L5 oslied gk s ¥ cles s (EDTA)
5 LA Fad Ble 0Ud K 31 e L 5es .(19)

OF 5l 5 M sy oslae el mle pladl 1 day
)

(osd cos ollS Kax o35 DWS O s &
Looddpmdls 5 i oo oS i 035 DWH
Olals ez 035 DWC i) S e slags 5L
(Aald) (o8 S5 Oaks kil b 55 =S 05
s SPSS 21 jisle 5 5l eslinal L Laesls
Oge3l bl 53 (bl Jo alil (6l s S
s i 4 0 0503l 5 Dl B3 S 5l S
53 5 A ey Wesls lsls O3 Kes 5 05
L A esliad baesls s Sl sy Osse
bl SSbe amlie 5 F 0 ga3T 51 eslizal b 5Ll
Jlezst dane 3 o Sls (glasls i Ogel 5l eslizal
Seslatal Lobajbges (035 Sy Aoy O

Lds vy Excel il 5

Ao «SSL il bl slasbes Olbe s
2 S OV G Sle b e i S 035



Oy g (68131 [y [ wun 2l W (65900 dy Juood i (3953 (o2

Con M R e e e LIS Y e e
5 (07 JS) coliest ST o 5T 5 (A-Y JS9)
s 0 K2 48 KINa VL el ki
Coss 4 Jed s e Ll
sl 55 g Ay sl Sy bas 5 Olucp nd
A 5l 8 Glst mdls Osl slasles L
Loodd mdls Glasles 55 oS Al o5 LY
Mg Llg e oS Li) Sme slag Sy,
cladse 2G5 dgb il el o TAA
SbASL Sliv JS b Al s e AL
S IAA g oland Il (05,0 cudd Al
Lo dae sl a (g SRl L g
DL oS sy ot 3 lS sy 18t
5 bidsend  gaxs e er sl
SLO) ke 5 ol glazil s LaolaS|

<l

aiyy eldlon ) 53 i 5 S 4 el US|
NI K S A PR INC JRO AR
Loy aiy syl plaly (Y0) 535 gy
ol Son Shass el o3 esliad 3 se laslir
AL 5 b SL Slie l b dad
Aososh b ool iSean 5 ol SL mdls
dsb (Y Jsdr) ols OLaS iy sk » ols e
OB Gosh Lo ol SL sl pled s ady)
Spd e edalin ) Jadr 3 a5 Hboles il
A Gosb pske plas s P fluorescens ¢ st
bl als Ol el dsb ol sme 5 (o215
& oslylks 53 5 Ao Chroococcum g sSL
GRIF e e IS Y se e YA 5 Y
s QLS s 0 8 i, b s e
W) i @V w0 P putida L eas
VRGPS AP-U N LA GURWA TN g P O
(O Jsdr) (P</00) Lsls DL s 05 dals

LolS i) S e slag Sl & iSOl o

1- Indole-3-acetic acid

ARY)

(O dsdr) g Sbgme e LIS Ve L
033 » bl slasles Jlize 5 Jol sla
52 elS IS S D5 as la e ady, S
il bl slasls s osd Ok mh
S GOl e ssba Liy S e Sl SUs sy,
Nl VY led o g s G5 QLS
GIP g ae b g £55 53 58 s IS
WSl Cod Ls 5 JS S 055l e
S5 e LA S pde IS Ve e
IS Kz 055 p olS ad, S e sl Sby s
OlalS s el sdalice iulisl Jg 5s iuldl olS
355 s gme obl L 51 P.oputida b eis oy
oo obar (So5b 5 sl DI )
s ke oS 55 O lgms 2alS 51 U
3t 5 S Kb e a0y Coen (lagdss
ol el b O3St Gl S plsl g
by Slio 53 S e gopd S5 addllas
5l e pB ) 5 S 05y dher SIS, 4
Olis OIS gy oldlee a8 Wi,y b
Ciliie Y eame 3 g Sl o5 Cad ool
25 (Y 5 Y1) s 1 o5l slaodiSiy 5
LoObinnd ghaslS =i 5l Jol-
S S Sl ol Ay S e slags Sl
Sl ol addles 3,50 ldcsy,; Cliv sl
s &8 sl Ol Lol asllas El e
Gl f 5 4 aty LS LS S e lags Sy
oS ) gle Sy sl ssba gosd e s
ol 3 P, fluorescens 5 sls L3 sbess 1)
oS alsp iou 0350 » (Sosd A o sllat
AL prmes sl SRS gl pae Hsba |
LS Vs e VA (650 e 3 s 4
23 S elE S Sit 055 Rl 4 e e
oS iy S e a8 L midl ol ey

VAV Y sk 5a alse e el sS o5 sa



VFY Y b)l.o.n.:} A 2,93 ‘uﬁlﬁf .A.&J,; ‘_glhu,u.h9f 4.)‘)*».'

(7)) Npho 5 51 AU D81 Bw g aly
S S o 2 IAA LS5 S e Slas SL S 0
dAA VL sl 3 5 aty, dsb il Eely
.(YV) Sphe el glaaly; sl sl
G 5 ok R e T RIS O ey
S oS 3 1y aka; s el e b
SIS skl s plsessse boeds mdl

(V) ol ol aalllan gl | g oS o3 S

OO S P P INC U
SSPmpd 5 PSS, (RS 5 e
oy geo g Ay 4SS Ly L e oS | Al
ol Cdo 4 e fge glaady; o s
Ju),;;‘-;a u:,...? ,}a{b& 3 J.Tu,i.:; &U&« j.,al.'&
olS Ay S e slags Uz 3l ol i en
doel SdnS 55 5 =) 0l s el =) 55 L

M))L&Auugwbw)smlsﬂ&\)dag

(STD 9% 4 Joow jasls (DW) K5 839 » b8 wi, ij‘_;h‘_;}?slg}}“lg@ibj‘_;)_,& C‘,]a.a;|—\ Jad>

Sl b oS ath JodS lgome 5 ads) dsb plpp S i)
Table 1. Effect of PGPR inoculation and salinity levels on dry weights (DW), salt tolerance index (STI), root
and shoot height and chlorophyll a + b content of liquorice.

PGPR Salinity Shoot DW Root DW Total DW STI (%) Shoot height Isr?got; Ch|0r0pf‘_|%/|| a+b
status © © © (cm) om) (mg g™ FW)
o Soss S R Js e 05 F st S aiy, dsb a+b i, ks
PGPR sl e (== TSR sl
NS 0.197 BCDE 0.061 AB 0.257 BCD - 15.23 BCD 20.13BC 1.62C
S1 0.177 CDEFG 0.060 AB 0.236 CDE 90.09 ABC 11.77 FG 13.40G 141F
Contrel S2 0.110 HI 0.053 AB 0.163 GH 56.66 EF 11.17G 13.80 FG 154 EF
S3 0.090 | 0.051B 0.141H 46.86 F 11.70 FG 11.70H 1.14H
NS 0.257 A 0.067 AB 0.323 A - 16.40 A 2217 A 171C
S1 0.207 BC 0.060 AB 0.267 BC 104.99 AB 14.17 BCD 20.73 AB 1.57 DE
P. fluorescens
S2 0.160 DEFG 0.063 AB 0.223 CDEF 85.08 ABC 14.57 CDE 19.90 BC 1.36 G
S3 0.147 FGH 0.067 AB 0.213 DEF 79.93CD 12.83 EFG 17.47 DE 1.03H
NS 0.233 AB 0.067 AB 0.300 AB - 17.77 A 17.13 DE 231A
. S1 0.200 BCD 0.070 AB 0.270 BC 106.92 A 15.27 BCD 17.53 DE 197B
P-putida S2 0.153 EFGH 0.065 AB 0.218 DEF 82.57 BCD 16.17 ABC 15.20 F 1.68C
S3 0.123 GHI 0.061 AB 0.184 FGH 66.15 DE 15.13 BCD 14.07 FG 1.75C
NS 0.250 A 0.073 A 0.324 A - 16.97 A 17.67 DE 1.62 CDE
S1 0.180 CDEF 0.059 AB 0.237 CDE 91.28 ABC 13.10 EF 18.70 CD 1.37FG
A. Chroococcum
S2 0.150 FGH 0.055 AB 0.205 EFG 76.18 CD 13.90 DE 17.90 DE 1.10H
S3 0.145 FGH 0.056 AB 0.200 EFG 74.05 CD 14.10 DE 16.77 E 127G
Significance
PGPR - ns a— - - - -
Salinity ol ns halaied halaid ol halaid kol
PGPRxSalinity ns ns ns ns ns falakad ekl
CV (%) 11.56 14.53 12.73 13.88 6.44 5.40 4.64

(ol gmn pe odaa3OlE o Sy » B .

Ay

&l bl gesl pe s ka0l — e LIS Ve he VAY 5T B (a5 s

.,LZL:JA VARR B /00 dﬂ.~)> Lg)\z‘;'du
Values labeled with the different letters are significantly different (P<0.05) according to the Duncan test. NS, S1, S2, and S3
are non-saline, 60, 120, and 180 mM NaCl, respectively. — is not tested. ™ non-significant. *** P<0.001. * P<0.05
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Fig. 2. Effect of PGPR inoculation and salinity levels on proline (A) and malondialdehyde (B) content of
liquorice. NS, S1, S2, and S3 are non-saline, 60, 120, and 180 mM NacCl, respectively. The error bars represent
the standard error (SE). Different letters indicate significant differences according to the Duncan's Multiple
Range Test (P<0.05).
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Fig. 3. Effect of PGPR inoculation and salinity levels on superoxide dismutase (SOD) (A) and guaiacol
peroxidase (POD) (B) activities of liquorice. NS, S1, S2, and S3 are non-saline, 60, 120, and 180 mM NacCl,
respectively. The error bars represent the standard error (SE). Different letters indicate significant differences
according to the Duncan’s Multiple Range Test (P<0.05).
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Fig. 4. Effect of PGPR inoculation and salinity levels on Na (A) and K (B) concentrations of liquorice. NS, S1, S2,
and S3 are non-saline, 60, 120, and 180 mM NaCl, respectively. The error bars represent the standard error (SE).
Different letters indicate significant differences according to the Duncan's Multiple Range Test (P<0.05).
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Fig. 5. Effect of PGPR inoculation and salinity levels on K/Na of liquorice. NS, S1, S2, and S3 are non-saline,
60, 120, and 180 mM NacCl, respectively. The error bars represent the standard error (SE). Different letters
indicate significant differences according to the Duncan's Multiple Range Test (P<0.05).
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