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In this research, morphological and biochemical traits of 10 isolates of Pseudomonas
fluorescens bacteria, salt tolerance and the effect of bacteria on germination and seedling
growth indicators of sesame cultivars under salt stress were conducted. All isolates were
Gram-negative and had positive motility and fluorescent properties. Among the bacteria, P2,
P3 and P9 isolates were more capable of solubilizing inorganic phosphorus. The ability to
produce siderophore was higher in some isolates and the isolates P1, P2, P3, Ps, and Pio
showed the highest in vitro salt-tolerance. A factorial experiment including two sesame
cultivars, 4 salinity levels and inoculation with 3 isolates was done in the form of a
completely randomized design in three replications. Based on the results, the effect of
bacteria, salinity, variety and their interaction on the percentage and rate of germination,
germination indices, allometric coefficient and seedling length and weight index were
significant. Under salt stress, the germination and growth of seedlings significantly
decreased but, the pretreatment of sesame seeds with salt-tolerant isolates increased the
characteristics related to germination and growth indices of sesame cultivars. The highest
effect on all parameters including germination rate belonged to Po. Therefore, Ps isolate can
be used to increase the tolerance of sesame to salinity stress.

How to cite this paper: Yavari Ramsheh, S., Dehghan Nayeri, F. (2024). The effect of salt-tolerant Pseudomonas fluorescens
bacteria on the characteristics of germination and seedling growth indices of two sesame cultivars under salt stress. Iranian
Journal of Seed Science and Technology, 13 (1), 37-57. https://doi.org/10.22092/ijsst.2023.361110.1468

© Authors, Published by Iranian Journal of Seed Science and Technology. This is an open-access
article distributed under the CC BY (license https://creativecommons.org/licenses/by/4.0/)

Iranian Journal of Seed Science and Technology

Ol o 55Ls 5 pshe o 2

Vol.: 13, No.: 1, Spring 2024

VY Sl o) o)l Y


https://doi.org/10.22092/ijsst.2023.361110.1468
https://portal.issn.org/resource/ISSN/2588-4638
mailto:nayeri@eng.ikiu.ac.ir
https://doi.org/10.22092/ijsst.2023.361110.1468
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0006-7310-2907
https://orcid.org/0000-0003-3137-9618

The effect of salt-tolerant Pseudomonas fluorescens bacteria on ... 38

EXTENDED ABSTRACT

Introduction

Microorganisms play a crucial role in promoting plant
health, existing in various environments as endophytes
within plant tissues and epiphytes in the rhizosphere.
Among these beneficial microorganisms, plant growth-
promoting rhizobacteria (PGPR) are particularly notable
for their exceptional abilities to enhance plant growth and
resilience. These beneficial bacteria not only facilitate
better nutrient uptake but also increase plant tolerance to
diseases, which consequently reduces reliance on
chemical pesticides. This reduction benefits the
environment by minimizing the impact of agrochemicals
on surrounding ecosystems. PGPR enhances the
availability of essential nutrients, especially phosphorus,
produces natural antibiotics that protect plants from
pathogens, and stimulates overall growth while providing
protective mechanisms for root systems. Additionally,
PGPR plays a vital role in mitigating abiotic stresses like
salinity and drought by producing various secondary
metabolites that help plants cope with adverse
conditions.  Sesame (Sesamum indicum L.) is a
significant oilseed crop that greatly benefits from
associations with PGPR. These microorganisms not only
contribute to the economic value of sesame but also act
as natural antioxidants that help the plant defend against
harmful microbes. In arid and semi-arid regions, where
challenges such as drought and soil salinity are common,
sesame plant growth is often impeded. These stressors
lead to physiological and biochemical changes that
adversely affect nutrient and water absorption, ultimately
hindering plant development. While traditional breeding
and genetic engineering offer promising methods for
enhancing stress tolerance, they often come with issues
related to cost and technological complexity. In contrast,
inoculating sesame plants with PGPR has been shown to
improve root development and mineral absorption,
leading to increased systemic stress tolerance. Salt-
tolerant bacteria from this group can mitigate ion toxicity
and enhance overall soil conditions, making PGPR a
valuable asset in sustainable agricultural practices. By
harnessing the benefits of PGPR, we can significantly
boost crop performance, improve soil health, and
promote sustainable agricultural production in the face of
challenges posed by abiotic stresses such as salinity.

Materials and methods

This study from 2021 at Imam Khomeini International
University’s Agricultural Faculty successfully isolated
ten strains of Pseudomonas fluorescens using
biochemical and morphological techniques, followed by
preservation in 20% glycerol. The isolates were assessed
for motility, Gram staining, colony morphology, and
biochemical activities like catalase and citrate utilization.
Fluorescence was confirmed under UV light on King B
medium. We tested the salinity tolerance by growing the
isolates in Nutrient Broth at salinity levels up to 700 mM.
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A factorial experiment evaluated the effects of bacterial
strains (P2, P3, P9), salinity levels (0, 50, 100, 200 mM
NaCl), and two sesame varieties (Oltan and Darab) on
germination and seedling growth. Control seeds were
soaked in sterile water, while bacterial inoculation
involved soaking sterilized seeds in a bacterial solution.
Germination counts began on the third day, measuring
key metrics such as germination rate, seedling length, and
weight.

Results and discussion

The results indicated a significant influence of bacteria,
salinity, cultivar, and their interactions on germination
percentage and rate, germination indices, allometric
coefficients, as well as the length and weight indices of
seedlings. The introduction of saline stress resulted in a
substantial decrease in both seed germination and
seedling growth. However, pre-treating sesame seeds
with salinity-tolerant isolates improved various traits
related to germination and growth indices in sesame
cultivars. Among the isolates tested, inoculation with
strain P9 had an especially notable impact, significantly
enhancing all measured traits, including germination
rates, compared to the other isolates. This is particularly
remarkable given that strain P9 initially showed lower
resistance to salinity stress in preliminary assessments.
Consequently, strain P9 demonstrates significant
potential for enhancing salinity tolerance in sesame
plants under saline conditions. This indicates that
incorporating P9 could be an effective strategy to
mitigate the adverse effects of salinity stress on sesame
cultivation, ultimately leading to improved crop
performance.

Conclusion

This study evaluated ten strains of Pseudomonas
fluorescens for traits such as phosphate solubilization,
siderophore production, and salinity tolerance. Strains
P1, P2, P3, P8, and P10 showed high tolerance to 700
mM salt and effectively solubilized phosphate while
producing siderophores, auxins, and hydrogen cyanide.
These capabilities can enhance plant tolerance to salinity
stress by reducing ethylene levels, thereby protecting root
development. Additionally, strains P2, P3, and P9
improved sesame seed germination and salinity
tolerance, despite salt stress negatively impacting
germination rates, seedling length, and weight. While P9
had lower laboratory salinity tolerance than P2 and P3, it
excelled in practical settings, boosting germination and
seedling growth. Among the tested varieties, Oltan
outperformed Darab in germination speed and salinity
tolerance. Overall, strain P9 shows promise for
enhancing sesame growth under salinity stress, and
further greenhouse and field evaluations are
recommended to explore the broader potential of these
plant growth-promoting rhizobacteria (PGPR).
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Table 2- Comparison of mean square of phosphorus, auxin and siderophore by Duncan's test.
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Figure 1- Screening salinity-tolerant of isolates to different concentrations of sodium chloride salt.
The isolates Py, P2, P3, Ps and P19 showed more tolerant and growth in higher salt concentrations (up to 700 mM).
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Figure 2- (a) The interaction effect of inoculation with bacteria-salinity on the germination rate,
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(c) the interaction effect of salinity-variety on the percentage of germination and (d) Interaction effect of inoculation
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Figure 4- (a) The interaction effect of bacteria-salinity on the vigor index | and
(b) the interaction effect of bacteria-salinity on the vigor index II.
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b oy o5 ohs O e plonil 2Sh g 50 5 o shooly ¢ ST sl
L lacs STl ol ot LaamalS ST 05 Sl 31 Sl (65T,
NS (e ol 03,5 e B35 5 (s job b S
el T3 OLS 5 g 5 st My b al 058
g h ) G AT a0 s A s s
23 PGPR L il L oLE 035,25 Olie ls gine Sl
o,\_.:d'z)\fgu)s);_:“_;‘(..ufgguuwwomﬁ
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As e ke Fathollahy & Mozaffari (2020) L & (g 5-i
SRIB Sl ) 5b A5 o QLS 55 S L il o
ol ple SN 213 AS baeal 5 055 5 S 0
ol & Canlods IS oL S adl saale b g sl
bty e ey 035 S SRl 4 b g o L IS
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5> (Calvo et al., 2014) Ly 058 8 5 0 5e ol
X pax S (o5, Gholami et al. (2009) Lu 5 45" (glanlllas
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Table 4- The interaction effect of variety-salinity, variety-bacteria and salinity-bacteria on seedling length,
seedling dry weight, seedling fresh weight, radicle length and shoot length factors.

Ve Y bl Jb ety b TR el S S 035 ol U
. . Shoot Radicle Seedling fresh Seedling dry weight .
Variable 1 Variable 2 length (cm) length (cm) weight (g) © Seedling length (cm)
V';) Soxs
Variety Salinity
0 1.388 2.769° 3.369¢ 1.378¢ 5.434¢
(Darab) s 50 1.371° 2.551¢ 3.361° 1.361° 5.462¢
' 100 1.254¢ 2.223¢ 2.898¢ 1.248¢ 4.682°
200 1.184¢ 2.109f 2.623¢ 1.170¢ 4.349¢
0 1.606% 3.165° 4.902* 1.6792 6.738%
©ltan) st 50 1.5912 3.076% 4,943 1.656° 6.626%
100 15122 2.813° 4745 1.531% 5.806°
200 1.344° 2.325% 4.369° 1.424° 5.273°
) "
Variety Bacteria
aals
1.139¢ 2.087 2.396° 1.152¢ 4.718°
Control
arab) s Ps 1.313¢ 2.583% 3.305" 1.338¢% 5.275¢
P, 1.437¢ 2.383¢ 3.257° 1.284¢f 4.725¢
Ps 1.308¢ 2.700% 3.193° 1.383% 5.208¢
dals
1.312¢ 2.372¢% 2.603° 1.1872 4.718°
Control
©ltan) o) Po 1.610° 3.175° 5518 1.966' 7.008°
P, 1513 2.825P 5.464% 1.668° 6.508°
Ps 1.619° 3.008° 5.373 1.470° 6.208°

i) 13 e g5 A3 gty Szl el 53 ST5 O ga 5T elal s &S 20 g o (51415 o7 la Sle D55 52 55
The mean values with similar superscript letters in a column are not significantly different (p<0.05).

Continue of Table 4 F Ul aals!
e Y bl ety Jsb el 50 ol s 035 TR
o o Shoot Radicle Seedling fresh Seedling dry N
Variable 1 Variable 2 length (cm) length (cm) weight () weight () Seedling length (cm)
S5 «sSBacteria
Salinity
dals
0 Control 1.472%¢ 2.987% 3.356° 1.532% 6.293%
ontro
0 Py 1.313¢ 2.950% 4.493%* 1.653% 6.317%
0 P, 1.5722 2.883%¢ 4.453%® 1.520% 5.8672
0 Ps 1.308 3.050? 3.193° 1.408% 5.8672d
L
50 c —ut | 1.312 2.637° 2.603° 1.472° 6.093%
ontro
50 Py 1.610 2.983% 5.518° 1.665° 6.833%
50 P 1513 2.733 5.464° 1.482° 5.233%
50 Ps 1.472% 2.900% 4348 1.415° 6.017%
L
100 c Mt | 1.149° 2.107¢ 3.301¢ 0.992° 3.843f
ontro
100 Py 1.465¢ 2.8172bd 4.358% 1.6472 6.033%*
100 P, 1.453¢ 2.567¢ 4.335% 1.490° 5.483¢%
100 P3 1.465° 2,783 4,292 1.428° 5.617%
L
200 c *"t | 0.839° 1.187" 4.081° 0.682° 2643
ontro
200 Pg 1.465° 27673 4.365% 1.6422 5.983%¢
200 P, 1.313¢ 2.233° 4.285% 1.412° 5.2830
200 P3 1.438° 2.683% 4.253° 1.453° 5.333™

1 3 e g A3 ety Szl el 53 At &5 e 3 (5115 4T (gl S0l O gt a3
The mean values with similar superscript letters in a column are not significantly different (p<0.05).
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