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Table 1. Analysis of variance of salt stress and bacteria effect on growth parameters of wheat.

Sl Kl
Mean of square “"')i i i
P 3l3l
“-:‘-l)&i_;?jj “‘i-l)p-?? wisy dgb aLSSCU.-T)l DE SOV
Root dry weight Root volume Root length Plant height
- - St
0.002"™ 5.60 13.94 1252™ 3 Sk
Bacteria
0.26™ 10.97” 73.05" 88.59" 3 S
Salinity
- . lize I
0.02 0.34™ 4.52 443" 9 & f
Interaction
o
0.005 0.17 1.7 4.44 32
Error
12.50 13.66 5.67 3.83 CV (%)

il Ao > s s a3 ol e (Sl e pde akiasOLis a5 T

# NS

™, *and ** respectively indicate a no significant, significant at 5% and 1% level.
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Table 2. Analysis of variance of salt stress and bacteria effect on growth parameters of wheat.

Sl e Sl
4> 43
Mean of square 1JI A e
sl
G Ol i il ol S O3 e B2 035l ol S 03 "D; sov
Chlorophyll RWC Root dry weight to shoot dry weight ratio Shoot dry weight
x - SL
1.23™ 88.3 0.000™ 0.85 3 st
Bacteria
2.68™ 26.8" 0.002™ 6.74" 3 So
Salinity
ax * - e
1.01™ 155 0.001 0.55 9 e
Interaction
Lo
0.99 5.07 0.000 0.21 32
Error
2.08 2.5 12.21 9.45 CV (%)

.ML&M)M_Qj@cla..«)sL;)l;f»‘L;)l:y,acv\:«cm;ouj%)}'@w} ¢

# NS

™, *and ** respectively indicate a no significant, significant at 5% and 1% level.
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Table 3- Analysis of variance of salt stress and bacteria effect on some parameters in shoot of wheat

Sl Sk
Mean of square ool as o KHE RS
odsn SBsas oSt s e @ el ey ke DF Sov
Proline SOD K/Na Na
. « . St
0.002"™ 0.069 51.97 0.24 0.001™ 3 s
Bacteria
0.09™ 9.78” 1014.1™ 042" 0.02™ 3 ol
Salinity
" . iz I
0.002 0.04 5.62™ 0.07™ 0.02™ 9 JE S
Interaction
(158
0.027 0.19 14.99 0.06 0.000 32
Error
17.06 5.76 12.81 6.34 12.79 CV (%)

.ML&M)M_Qj@cla..«)sL;)l;f»‘L;)l:y,acv\:«cm;ouj%)}'@%} ¢

# NS

™, *and ** respectively indicate a no significant, significant at 5% and 1% level.
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Figure 1. Effect of different level of bacteria on potassium in shoot of wheat.

35
30
31: 25
b g 20
_}1 15
L= 10
5
0
S5 s edsd + g phsin,
Blank Rhizosphere Endophytic =~ Rhizosphere+Endophytic
s~
Bacteria

r&f 5\,5 &‘}h r‘.&.ﬂ)é r.;..lm “ rzml:.; C,.:...Jﬁ 6}5le it C}haﬂ};‘u—* JS.Z
Figure 2. Effect of different level of bacteria on potassium to sodium ration in shoot of wheat.
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Table 4. Effect of rhizosphere and endophytic isolates on wheat growth parameters under salt stress conditions.

aiyy S 05 aiy, Jgb el il S 0 SASL = i) o
Root dry weight shoot (g) Root length (g) Shoot dry weight (g) Salinity (dS/m)-bacteria
L
0.57+0.04°% 244130 4.82+0.07™ -
Blank
0.59+0.04% 26.33+1.15° 5.320.31% SIS
Rhizosphere
0
- a il
0.84+0.16° 26412 6.02+0.3° ook
Endophytic
PPN 5 .
0.70+0.18" 23.67+1.15™ 5.93+0.45% IR S A
Rhizosphere+ Endophytic
Ls
0.62+0.06™ 24.67+1.53%¢ 4.61+0.22° w
Blank
0.5620.11%%® 24,3341 53%° 5.3620.24% AR
Rhizosphere
4
RPN
0.58+0.16" 22.67+1.53%¢ 5.84+0.5% o
Endophytic
0.6120.12% 230 5.33+0.38% G S

Rhizosphere+ Endophytic

VAA



Olyod g (HhawyloS (B155 5 542

—t Jgd aals!

Continue Table 4.

iy, S 05 iy dsb slss il S 055 SAL (e p e sowd) S5
Root dry weight shoot (g) Root length (g) Shoot dry weight (g) Salinity (dS/m)-bacteria
(4
0.540.13%% 21.67+1.15% 4.94+0.13% ’“‘
Blank
0.59+0.12% 24.33+0.58%° 4.68+0.42" AR
Rhizosphere
;
o
0.48+0.07% 23.33+1.53% 4.58+0.19"™ ok
Endophytic
[N i .
0.45+0.13 23+1cde 4.43+0.24% SRR S
Rhizosphere+ Endophytic
L
0.3620.11" 17+1f 3.37+0.37" -
Blank
0.4+0.02f9 20.67+0.58° 4.49+1.11b%% SR
Rhizosphere
10
PPN
0.23+0.09" 21.674153% 3.690.77 i
Endophytic
PPN 5 .
0.32+0.09%" 17.67+1.53" 3.84+0.44% IR S A

Rhizosphere+ Endophytic

Means followed by same letters are not significant at 5% level.
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Table 5. Effect of rhizosphere and endophytic isolate on wheat growth parameters under salt stress condition.
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Table 6. Analysis of variance of salt stress and bacteria effect on salt tolerance index.
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Figure 3. Effect of different levels of NaCl on salt tolerance index on wheat plant.
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Abstract

Background and Objectives: Salinity is one of the most extensive processes of soil degradation,
which limits the increase in the production of food products for more demand. Inoculation of plants
with salt tolerant plant growth promoting bacteria with the ability to produce ACC-deaminase and
indole-3-acetic acid often decreases the negative effects of high salt concentration and improves
plant growth parameters. Therefore, the aim of this study was to determine the effect of rhizosphere
and endophytic salt tolerant bacteria isolated from rhizosphere and roots of the halophyte Salicornia
on wheat plant growth parameters in different salinity concentrations.

Materials and Methods: This experiment was conducted in greenhouse conditions in a completely
randomized design with four levels of salinity: 0, 4, 7 and 10 dS/m in saturation extract and four
levels of bacteria: no bacterial strains (control), rhizosphere bacterial strain, endophytic bacterial
strain, and combined use of rhizosphere and endophytic bacterial strains in 3 replications.
After harvest, the morphological and physiological characteristics of the wheat plant were measured.
Data analysis was performed using SAS software.

Results: The results showed that plant yield was significantly affected by salinity. Increased
concentration of NaCl from 0 to 4 dS/m did not have any effect on all growth parameters, and in
some cases, it improved them. But with increasing salinity level from 4 to 7 and 10 dS/m, salinity
had a negative effect on all growth parameters with the highest negative effect in the concentration
of 10 dS/m. In the absence of salt stress, the presence of bacteria increased plant yield. In salt stress
conditions, inoculation of bacterial strains had a significant effect on plant growth and increased the
shoot dry weight (9.49-26.68%), root length (3.94 -27.47%), root dry weight (10-47.36%), root
dry weight to shoot dry weight ratio (19.41-20.69%) and reduction of leaf relative water content
(1.2-11.71%), superoxide dismutase activity (7.63-15.8%) and proline (12.5-33.33%) compared to
control.

Conclusion: In general, the inoculation of bacterial strains resulted in improving wheat plant growth
parameters (7 out of 13 measured growth parameters). To be halophytic bacterial strains and salt
tolerance of wheat cultivar used in this study can be some of the reasons for not being affected other 6
growth parameters by treatments. According to the results obtained from this study, to improve wheat
plant growth parameters and reduce the effects of salinity stress by the salt tolerant growth promoting
bacteria isolated from Salicornia plant as a bio-fertilizer, it is needed to perform more studies (i.e., use
of higher salinity levels and different wheat cultivars) at the field and greenhouse level.
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