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Abstract

Plant growth-promoting rhizobacteria with ACC deaminase activity increase plant resistance to environmental stresses
and improve plant growth. In order to investigate the ability of four strains of Pseudomonas fluorescens to utilize 1-
amino-cyclopropane-1-carboxylic acid (ACC), and quantifying their effects on seed germination and seedling growth of
barley under salinity stress, a study was conducted at the faculty of agriculture of Persian Gulf University, Bushehr.
Bacteria were evaluated for their ability to utilize ACC and it was revealed that they were all able to use ACC.
Thereafter, the influence of bacterial strains on seed germination and seedling growth of barley varieties was evaluated
under salt stress under in vitro conditions. For this purpose, a factorial experiment was conducted with three factors of
bacteria in four levels (strains B10, B2-10, B2-11 and B4-6), salinity levels (0, 3 and 6 ds/m) and cultivar in five levels
(Karun, Zehak, Nimrooz, South of the Sahra) in a completely randomized design with three replications. Results revealed
that the main effect of bacteria, salinity and cultivars and their interactions were significant on germination percentage
and speed, seed vigor, length and dry weight of coleoptile and radicle and salinity tolerance index (p<0.05). Under
salinity stress, germination and growth of barley seedlings were reduced significantly, however pre-treatment of seeds
with all bacterial strains increased seed germination attributed traits and growth factors of barley cultivars.
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! Optical density of bacterial strains grown in different media, 2DF minimal medium amended with ammonium sulphate
as a positive control, 3DF minimal medium amended with ACC as a selective medium and “DF minimal medium as a
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e ol e ¢ S5 Sl L 6, K ol e
Olas 53 (S ks Jol o e 3Ln oS dis s
S 255 o 0 25 (SO Sl el
5 Sl Ol 2 55 AE Gl S slen s 35 5
.(Mohsen Nasab et al., 1389) sz 5 s 50 4

xS S Oadn Ll s s g ST s sles
oty b el 2130 3 5lublid Ao B 1y 354 Aoy
A 3 8 Lo 1 53 a5 BB ) s
Sad Sy o b e (G54l oy Skee 5 Rl B
45 b sz 055 5 B10 w5 LS o) slasd
= 03y e opl 5y il sl s )5 VO &S 5 5 B2-10
P Jsdr) cls

A3 Gt e RIS s O bl
Sl ST 15 O Ll a4 S ads G54l
Cdo ol SRl o sn s STL L L Sl i s
Sas 4 by 5 4 S5l A ot s S
5 UM Os Ll o 5 B2-10 4 g b g 08 S

2 B21L 45 L 05, (35 5l 55 5 Y dSIM (552

Vo

PSS PESSCP S g P PSR W ST PR PR Y

=02 AL Goss e S oSSl i ke
3ok 4 o8 o HIHIL S sk 4 oS sls 0l
P Sl SRl g Byl s Sl L 5 Aoy
e Dol Slio () IS e g ST 5
a g e (P J ) 03 8 (ST L ot s dals
$B2-10 4 50 L 05l o35 el Hlos 4 bgs o 5y
e oS S 3 NS Ok Ll e 55 B2-11
Dl dald 4 S 5o a5 28l we 55 4% 5 VIA
Aoy s O a3 53 (¥ Jgdm) as 8 et
355 2 ol Glauds 4S5 Ws § Lasin Si4le
sl il Aoy g sl oYL CaS eslenl
(deoys 02 =YF) W g Hlay e 3 llinl d 4 s
oz 1 LS Sl 5 (Siasler 5 bl CoiS
Caliden Ghlia 55 o1y 0LalS js o8 ol S ke
@adomie sl ge 30 Cow b iS55 5 s otaline
ol 038 (SO ol (S5 o (o) ol

PP S T VRN S SN A P S Y PPRCIPNT:



WA Slis 5 5l / Y osled /A Al / Ol 1 5o (655 5 pske 25 O 5 ol s sl3T

SweTs ACC Wse slas SLs 5, i (Bal et al., 2013) F AN YV Cmge i 5 as S 39 AT Ok Lol 0
Sosd T Lol iy slaamalS i) 415 1AA Jsdor) 05 8 dals & o oo ol 53 Sl o)
SLl> oL S slag s oS disls 0L 5 0387 b5 S S S ey (35 o s (e w0 (Y
T ok perlh Gl Aoss 5 s JB S 233 M5 0g Ll 5 53 BA6 4 s b s 055 )0
Sy s L o (6 L 05 el b aw e o Lyl 2 55 4 g aa L 09,7 035 55 5V dSIM (65 50
st 55 J2B il 3 (IAA) Sl J 5l dl 30552 ST FAVD Cmrpe i o el s 4 25 Ok
L5 4 .(Bharathi et al., 2004) 5 54 o sl 54 4y 5> Lo, S0 L odid Hlas dald 4y S 2ol 3lis 5 ¥
5y i oS et gy 3 IAA & ey e Oliis S5 b b rassy ol gl (F Jsie) 4§
53 533,85 o T 0 55T E b 6 s a2 P Lok el 5 (Sl o) GRS
Kim et al. 2006; ) > 33 oo L3lo- olS o L5 G55 S Coi POPRS b ok el K3 OV et

((Taiz and Zieger, 2010 OS5 I ol Cillan J53 55 03 5 5155

= ohs ol el Wiy 5 il Slio (s P FIUOTESCENS (slas s 51 ilisls 4 52 =Y s
Table 2- Analysis of variance of influence of P. fluorescens strains on some germination attributed traits and
seedling growth of four barley cultivars
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(Culfii/ ar) 4 2684235 2088.63* 1.71* 1.21* 0.416° 0.01* 0.007° 0.087°*
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I:;:jn B4-6 698.76 fghijk 59.73de 2.11a 7.56defghi 6.8bcdefg 5.7f 6.3f 1.74 jk
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1 S} ;;Ta B4-6 617.20 ghijklmnop 42.23Imnopqr 1.2mnopgr 7.9defg 6.70cdefghi 9.1a 6.1fg 1.47q
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Control 378.69wxyz 43.86klmnopq 0.8xy 6.9Imn 5.86jkImno 2.1v 3.5qr 1z
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Control 456.42 rstuvwxy 49ij 1.40ij 6.13pqr 4.6tuvw 3.5n0 3uv 1z
B10 857.29dbc 56.58¢fg 1.80c 7.9defg 5.9jkIlmn 4.8 6.2fg 1.77j
I:;:jn B4-6 821.66dec 50.51hi 1.70de 7.7defgh 5.46mnopq 5.7f 5.3h 1.520p
B2-10 661.50 ghijklm 59.26def 1.69def 6qrs 5.43mnopqr 6.4c 8.2bc 2.11e
B2-11 955.38b 67.43b 1.76¢cd 8def 6.16ghijkl 5.3gh 6.2fg 1.74jk
Control 298.70z 36.28tuv 0.9wx 6.4nopq 4.86qrstu 4lm 3.5qr 1z
B10 513.54 opqrstu 46.55jkl| 1.14qrst 6.9kIm 5.43mnopqr 4lm 5.4h 1.53 0p
Zj;k B4-6 531.29 nopgrstu 39.5rstu 1.15pqrs 6.7klmno 6.66cdefghi 5.1hi 6.2fg 176
B2-10 435.57 stuvwxyz 35.93uv 1.13rstu 7.1ijkim 6.66cdefghi 5.1hi 6.2fg 1.74 jkl
B2-11 365.98xyz 37.9stuv 1.25kimnop 7jklm 6.26fghijkl 4.1kIm 6.1fg 173 jkl
Control 259.27z 35vw 0.8xy 5.1uvw 5.33nopars 3rst 4nop 1z
£ ‘ B10 432.97 stuvwxyz 35.58v 1.14pgrst 7.5fghij 7hcde 3.1qrs 4.1mno 1.17 wx
> g S)a’;a B4-6 387.38 wxyz 44.45kImno 1vw 7.16ijkIm 6.13hijkI 3rst 4.3Imn 1.06 xyz
® B2-10 736.32¢efg 53.31gh 1.579 6.7Imno 5.86jklmno 4.3k 6.6fg 1540
B2-11 540.54 mnopgrst 42.93Imnopqr 1.22Ilmnopgr 6.9Imn 5.7klmno 3.1qrs 4.5)k 112v
Control 376.97 wxyz 41.3nopars 1.18nopgrs 4.36yz 4.8rstuv 3.2por 3.5qrs 1z
B10 574.50kImnop 50.51hi 1.69def 6.03qr 5.73klmno 5.4g 7.2d 1.92i
leinj;l:z B4-6 585.62 jkimnop 56.58efg 1.31jklm 7.06jklm 6.03ijkim 4.3k 6.2fg 1.50p
B2-10 554.09 mnopqrs 47.71ijk 1.38ij 6.16pqr 5.43mnopgr 3.5n0 4.3kIm 1.24u
B2-11 728.08efghi 58.9def 1.51gh 7.3jkIm 6.9bcdef 5.1hi 6.1fg 1.70kml
Control 334yz 41.33nopars 0.7yz 4.43xyz 4.73stuvw 2.9st 3.2tuv 1z
B10 548.08 mnopqrs 40.480pqrs 1.20mnopqr 6.9klmn 5.33nopars 5.3gh 7.2d 2.27d
SZ:;I‘I B4-6 416.22 tuvwxyz 59.15def 2.13a 7.7defgh 5.9klmno 4.2kl 7.2d 2.01fgh
B2-10 557.64lmnops 74.66a 1.25klmnopq 7iklm 4.76stuv 3.5n0 3.3rstu 1.04 xyz
B2-11 682.96 fghijkl 43.28Imnopqr 1.40ij 8.83a 6.73cdefgh 3.2por 455kl 1.41rs

L513 ls mn Cdlestl SouSS s 55 0 Szl el 53 (55bT 5 3110 g2 4 53 Sslize Cop sl sla L
*means with different letters in each column are significantly different (p<0.05)
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Control 22511z 42.46mnopqr 1.04tuv 3.5z 2.3z 3.30pq 2.9v 1z
B10 610.89 hijkimnop 53.66gh 1.21Imnopgr 4.6wxyz 5.63Imnop 3rst 5.2h 1.75j
I:;:jn B4-6 349.47 yz 48.53ij 1.44hi 3.9z 3yz 4.2kl 3.2tu 1.08 vwx
B2-10 229.48z 50.5hi 1.38ij 3.8z 2.4z 5i 6.2fg 2. 03fg
B2-11 328.16 yz 59.50de 1.53gh 3.7z 24z 4lm 5.2h 1.73j
Control 228.83z 26.6yz 0.7yz 3.3z 2.9z 3.5n0 3.1uv 1z
B10 347.67yz 41.53nopars 1.08stuv 5.7rst 4.16vwxy 3.9m 4.3klmn 1.38s
Zj\:k B4-6 408.25 uvwxyz 35vw 0.7yz 4.93uvwxy 3.8xyz 4.3k 5.2h 1.67m
B2-10 339.62 yz 31.61wx 1.03tuv 5.1uvw 3.83xyz 4lm 69 1.33t
B2-11 272.78z 27yz Ivw 4.3yz 4.4uvwx 4lm 5.2h 1.68 ml
Control 274.28z2 24.85z2 0.7yz 4.5 xyz 3z 2.2uv 3.2tu 1z
= ‘ B10 351.26yz 29.86xy 1.01v 5.26tuv 4.6tuvw 3.2por 3.6q 1.10 wx
o % S;: ) B4-6 369.36 wxyz 29.86xy 0.8xy 4.2yz 4.63tuvw 3.1qrs 3.3qrst 1z
© B2-10 336 yz 35.93uv 1.27klmno 5.5stu 4.1wxy 3.7n 6.2e 11lyz
B2-11 353.36 yz 40.01pgrst 1.02uv 5.06uvw 3.76xyz 3.2por 3.2tu 1z
Control 322.77z 35.93uv 1.02uv 4.3 xyz 3z 2.8t 3.2tuv 1z
B10 432.18 stuvwxyz 45.61 jkim 1.45hi 4.8vwxyz 3.7xyz 3.30pq 3.3stu 1.03yz
le;T::lz B4-6 433.63 stuvwxyz 36.40tuv 1.04tuv 4.43xyz 3.23yz 2.1v 3.90p 1.23u
B2-10 361.20 xyz 44.56kImn 1.27klmn 4.93uvwxy 3.16yz 3.5n0 4.2lmn 1z
B2-11 586.29 jklmnop 52.96gh 1.44hi Suvwx 5.63Imnop 3.1qrs 4.8i 1.520p
Control 175.23z 2452 0.6z 3.3z 2.9z 2.3u 2.5w 1z
B10 431.75 stuvwxyz 28.02yz 1.14pqrst 3.6z 3.6xyz 4lm 5.4h 213e
SZE’\ B4-6 312.70yz 27.41yz 1.23Imnopgr 4yz 2.9z 4.2kl 4.3kIm 1.70 kim
B2-10 236.78z 40.13pqrst 1.150pars 4.8vwxyz 3.8xyz 3.2por 3.2tu 1.04 xyz
B2-11 510.27opgrstuv 24.23z 0.7yz 3.9z 5.03 pgrstu 3.1qrs 3.2tu 1.27u

13 5l e oDt S o530 e o 53 (65T i 310 g2 3 53 oslize Cop i sl (sla o SSL*
*means with different letters in each column are significantly different (p<0.05)
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