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Abstract. The agricultural sector is continuously facing myriad of problems such as yield
loss due to abiotic stress as well as phytopathogen infestation. There is well established
evidence that the use of plant growth-promoting rhizobacteria (PGPR) would overcome
those problems and in turn improve plant growth and crop yield. In this research bacteria
strains were isolated from root surface and inner tissue of plants grown in highly saline
soils. The characterization includes the ability to produce aminocyclopropane-1-
carboxylate (ACC), siderophore, chitinase as well as their antifungal ability. Those
abilities are considered the most reliable traits for promoting plant growth. A total of 32
strains were isolated and examined, with 16 surface isolates and 16 endophytes. Thirty
bacteria isolates showed capability to produce ACC deaminase with a range of values
around 1.8 — 29.6 pmol/mg/h. Thirty isolates were found to secrete siderophore that
resulted in halo zones around 1.5 mm - 15 mm after 7 days. Moreover, the chitinase assay
showed 13 isolates having the ability to degrade chitin. Interestingly, two isolates with the
highest chitinase activity also showed superior ability to inhibit fungal growth. To
conclude, a procedure has been demonstrated that rhizobacteria with PGPR traits can be
isolated from saline soil. Furthermore, some of these PGPR candidates showed potential
to not only promote plant growth but also to control fungal pathogen. This type of dual-
functional stains could serve as an environmentally friendly biofertilizer and meanwhile
also a biocontrol agent in sustainable agriculture.

1. Introduction

The agricultural sector is continuously facing myriad of problems such as yield loss due to abiotic stress
as well as phytopathogen infestation. Salt stress is one of the rapidly growing environmental stresses all
over in the world, globally 22% of the cultivation and 33 % of the total irrigated agricultural areas are
subjected to salt stress, and the affected area is increasing by an average of 10 % per year [1]. Saline
soil in Taiwan is mainly caused by acid rain and chemical fertilization [2]. Moreover, the tropical climate
of Taiwan serves as an ideal environment for phytopathogens such as bacteria, fungi and viruses.

Soil salinity can induce stress symptoms, decrease germination rates, lower biomass and plant
height as well as photosynthesis in plants [3, 4]. These stress responses can be ameliorated by some
rhizospheric bacteria by mechanisms such as lower ethylene levels, increasing growth hormone,
enhancing total soluble sugars content and antioxidant enzymes that prevent reactive oxygen species
(ROS)-induced oxidative damage in plants [5]. These plant growth-promoting rhizobacteria (PGPR)
have the potential to overcome salinity problems and in turn improve plans growth and crop yield.
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution

of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1


mailto:pearlchang@mail.npust.edu.tw

7th International Conference on Sustainable Agriculture, Food and Energy IOP Publishing
IOP Conf. Series: Earth and Environmental Science 709 (2021) 012079  doi:10.1088/1755-1315/709/1/012079

Furthermore, a large body of knowledge has been shown that PGPR could inhibit the growth of
phytopathogenic fungi either under in vitro or in field condition [6]. Reported PGPR species mainly
belong to Bacillus sp. [7], Pseudonomas sp. [8], Azotobacter sp. [9], and any other various genera [10-
12], but possible new indigenous strain of PGPR could be found across different type of plant plantation.
Their antifungal properties are achieved by several synergistic activities including secreting lytic
enzymes and producing antifungal compounds [6, 13]. PGPR secretes several enzymes that degrade
fungal cell wall components such as chitin and cellulose. The active fungus-inhibiting compounds
include phenolics, organic acids, polyamine and peptides such as benzoic acid as well as polyamine
[14]. For instance, in the presence of Macrophomina phaseolina fugal pathogens B. amyloliquefaciens
was shown to synthesize different lipopeptides such as surfactin, iturin, fengycin and polymyxin [6].
The objective of this study is to isolate novel PGPR-candidate bacteria that is capable of promoting plant
growth and also protect plants from fungal pathogens.

2. Material and Methods

2.1. Screening Bacteria from Rhizospheric Roots

Soil samples were taken from different locations that suffer from high soil salinity in Taiwan.
Rhizospheric bacteria were isolated from root surface for epiphytic strains and from internal tissue for
endophytes.

2.1.1. Isolation from Root Surface (Epiphyte)

The root fragments found in the soil samples were collected and separated from the rhizosphere soil. A
total sum 1 g of roots was placed into 100 ml of King B liquid medium (15 ml glycerol, 20 g peptone,
1.15 g K;HPO4, 1.50 MgS0.) containing 2 % NaCl, followed by overnight incubation with shaking (180
rpm) at 25 °C.

2.1.2. Isolation from Root Internal Tissue (Endophyte)

Isolated roots (1 g) were soaked in 100 ml of 70 % ethanol for 15 min to sterilize the surface. In order
to release endophytic bacteria, the surface-sterilized roots were grounded with a homogenizer. The
ground root sample was put into 100 ml of King B liquid medium and incubated in the same condition
as above.

2.2. Selection of rhizobacteria to use ACC as a sole nitrogen

Bacterial culture (1 ml) was transferred into 2 ml tube and then centrifuged for 15 min at 6,000 rpm and
the supernatant was discarded. Each bacterial pellet were taken (2 ul) and inoculated in 50 ml DF salt
liguid medium (4.0 g KH2POQ4, 6.0 Na;HPO4, 0.2 g MgS04-7H-0, 2.0 g glucose, 2.0 g gluconic acid,
2.0 citric acid, 0.1 ml solution 1 (10 mg H3BOs, 11.9 mg MnSO4-H;0, 124.6 mg ZnS0O,-7H,0, 78.22
mg CuSQ4- 5H,0, 10 mg MoOs3 in 100 ml DDH20 ), 0.1 ml solution 2 (100 mg FeSO4-7H,0 dissolved
in 10 ml DDH,0) containing nitrogen and carbon sources (+N, +C). The solution was incubated at 25°
C for 24 hr, 180 rpm. Following incubation, the cultures were centrifuged and the obtained 2 ul pellets
was inoculated into a new 50 ml DF (-N, +C) liquid media with ACC as the only nitrogen source (3.0
mM). This solution was incubated at 25° C for 24 hr, 180 rpm, and the overnight grown culture was
pelleted. Pellets were spread onto DF agar containing ACC (30 umol plate?) and incubated for 72 hr at
25° C, during the incubation the medium were checked daily.

2.3. 1-Aminocyclopropane- 1- carboxylic acid deaminase assay

For measurement of ACC deaminase activity of rhizobacterial isolates was carried out using modified
methods from Penrose and Glick [15]. o-ketobutyrate amount was measured by comparing the
absorbance at 540 nm of sample to a standard curve of a-ketobutyrate ranging between 0.1 and 1.0
umol. A stock solution of 100 mM oa-ketobutyrate was prepared in 0.1 M Tris- HCI (pH 8.5) and stored
at 4°C. The bacterial cell pellets were prepared of each suspension in 5 ml of DF containing 60 pl of
ACC as the only nitrogen-containing nutrient, followed by incubation at 25° C for 24 hr, 200 rpm. The
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pellets were harvested by centrifugation at 4,000 xg for 10 min, washed using 1 ml of 0.1 M Tris-HCI
(pH 7.8) and transferred to a 1.5 ml microcentrifuge tube. The pellet was suspended in 600 pl of 0.1 M
Tris-HCI (pH 8.5). Thirty microlitres of toluene was added to the cell suspension and vortexed
vigorously for 30 s, and 100 ml aliquot of “toluenized cells” was set aside and stored at 4° C for protein
assay at a later time. The remaining toluenized cell suspension was used for assay of ACC deaminase
activity. For ACC deaminase assay all samples were measured and carried out in triplicates. Two
hundred microlitres of the toluenized cells were placed in a new 1.5 ml microcentrifuge and 20 ul of
0.5M ACC were added to the suspension, briefly vortexed and incubated at 30° C for 15 min. Following
the addition of 1 ml of 0.56 M HCI 35%, the mixture was vortexed and centrifuged for 5 min at 13,000
Xg at room temperature. Then, 300 ul of the 2,4-dinitrophenyl hydrazine reagent (0.2 % 2,4
dinitrophenylhydrazine in 2 M HCI) was added to the glass tube, vortexed and incubated for 30 min at
30°C. Following the addition and mixing of 2 ml of 2 N NaOH, the absorbance was measures at 540
nm. The absorbance of the reaction including the substrate, ACC, and the bacterial extract was
determined with spectrophotometer. After the indicated incubations, the absorbance at 540 nm of the
assay reagent in the presence of ACC was used as a reference for the spectrophotometric reading; it was
substrate from the absorbance value calculated above.

2.4. Siderophore assay

2.4.1. Screening for siderophore production

Siderophore production from all rhizobacterial isolates were tested qualitatively by Chrome Azural S
(CAS) plate assay following Schwyn and Neiland [16-19]. Previously isolated strains were inoculated
on CAS agar plates and incubated at 28° C. The orange color around the colony was observed daily until
7 days. Siderophore production was confirmed by the presence of orange color halo zone around the
CAS agar plates.

2.4.2. Quantification of siderophore production

To quantify siderophore production, 500 ul of culture was grown in 50 ml succinate acid medium and
incubate for 48 hr at 28° C with constant shaking 120 rpm [19, 20].After the incubation cell free
supernatant was collected by centrifugation 15 min at 5000 xg at 25° C, 0.5 ml supernatant was mixed
with 0.5 ml of CAS solution and incubated at room temperature for 5 min. The absorbance of each
reaction was determined at 630 nm against a reference consisting of 0.5 ml of uninoculated broth and
0.5 ml of CAS reagent. The siderophore level was determined using the following formula: %
siderophore unit = [(Ar- As)] / Ar x 100, where Ar is the absorbance at 630 nm of reference (CAS assay
solution + uninoculated media) and As is the absorbance at 630 nm of the sample (CAS assay solution
+ cell free supernatant).

2.5. Chitinase assay

2.5.1 Preparation of Colloidal Chitin

The colloidal chitin was prepared from the chitin powder using modified methods described previously
[21, 22]. In brief, chitin powder (5 g) was slowly added with 40 ml of pure HCI 37 % and kept for 50
min with vigorous stirring. Afterwards, the acidified chitin was added into 200 ml of DDH,0 at 5-10°C
and precipitated as a colloidal suspension. The suspension was collected by filtration with vacuum
suction on a coarse filter paper and rinsed by 500 ml DDH-0 three times or until pH of the suspension
was 3.5

2.5.2 Colloidal chitin agar medium (CCA)

The colloidal chitin medium was prepared by adding 5 g of colloidal chitin in 1 L of the agar medium
(per liter: 0.7 g KzHPO4, 0.3 g KH2PO4, 0.5 g MgSOs, 0.01 g FeSO4-7H20, 0.001 g ZnSO,, 0.001 ¢
MnCI, 20 g agar). Before autoclaving the medium was homogenized by vigorous stirring for 30 min
until the colloidal chitin is evenly suspended in the medium. The medium pH was then adjusted to 8.0
with 5N sterile NaOH. The melted medium was poured into petri dishes.
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2.5.3 Chitinase activity
The chitinase activity was tested by placed 20 ul of bacterial suspension was added into paper dish.
Incubated for 48 hr in 28°C and then the medium agar was colored with 2 ml of 0.1 % Congo red (1g
Congo red in 100 ml DDH,0). The colloid chitin agar medium was used to determine chitin degradation
by bacterial chitinase, for control placed 20 pl liquid medium (no bacteria) into paper dish and make
same treatment above.

2.6 Antifungal activity Test

The in vitro inhibition of mycelium growth of Botrytis cinerea by rhizobacteria were tested on Potato
Dextrose Agar (PDA; per liter: 4.0 g potato starch, 20 g dextrose and 15 g agar). For each PDA plate,
an agar disc containing B. cinerea mycelium was placed in the center, and one bacterial strain was
streaked as a straight line on the right and left side of the mycelium agar. Plates were incubated at 25°
C for 3 until 7 days, the radii of the fungal colonies towards and away from the bacterial were recorded.
The percentage growth inhibition was calculated using this formula: % Inhibition = [(R-
r/R)*100%][23]. Where, r is diameter of sample and R is diameter control.

3. Results and Discussion

The present study showed the preliminary work to isolate and characterize plant growth promoting
rhizobacteria (PGPR) candidates from both root surface (epiphyte) and internal root tissue (endophyte)
in saline soil conditions. Thirty two rhizobacteria were isolated and screened for their ability to produce
ACC deaminase, siderophore, chitinase as well as their ability as an antifungal agents. It was observed
that the isolates differed in their potential for ACC deaminase activity greatly. SBE1 isolate showed a
greater amount of ACC deaminase activity (29.6 umol a-ketobutyrate pmol/mg/h) when compared with
previous studies 5.0 a-ketobutyrate umol/mg/h [24], 2.6 a-ketobutyrate umol/mg/h [25] and 0.8 a-
ketobutyrate umol/mg/h [26]. Hence, SBEL serves as a promising candidate as a PGPR to improve plant
growth in soil salinity because salt stress can result in the production of inhibitory levels of ethylene and
rhizobacteria with high levels of ACC deaminase could lower ethylene production in salt condition and
in turn improve plant growth [27-29]. A fraction of the newly synthesized ACC is suspend from seeds
or plant roots taken up by the PGPR and converted to ammonia and a-ketobutyrate by the enzyme ACC
deaminase [30]. As an effect of this enzyme activity, the amount of salt-induced ethylene in the plant is
reduced, resulting in increased plant biomass [31]. Some of gram positive and negative PGPR have been
reported to colonize the root of the plants [32] and minimize the effect of salinity by different direct and
indirect mechanism [33].

3.1 Characterization of isolates plant growth promoting rhizobacteria (PGPR) candidate
The rhizobacteria isolates were screened for different PGPR traits. The isolates showed a great variety
in ACC-deaminase activity, siderophore production, chitinase and antifungal activities (Table. 1).

Iron is an essential element for plant growth and is abundant in earth. Yet, the bioavailability of
iron is often limited due to the very low bioavailability of the Fe3*ion, the predominant form of iron in
non-acidic oxygenated condition. Microorganisms secret siderophores to scavenge iron by forming
siderophore-Fe®* complexes that can be taken up by plants. In this study the siderophore-producing
ability of rhizobacteria was determined by two types of CAS assays; one by halo zone formation on the
CAS agar plate and the other by spectrophotometry readings of the liquid culture supernatant. The best
siderophore-producing strains identified by these two methods, however, were different. The highest
isolates identified by the CAS agar method are SGS3 with (15.0 mm) followed by SKS2 (14.5 mm) and
SCE1 (11.5 mm), but according to the spectrophotometry method the best performers were SHE1
(35.5%), SIS1(33.6%) and SGS1 (32.3%). These results could be due to the fact that siderophore
production depends on some factors such as iron content in medium, and others minerals also influence
its production; for example, Zn?* and Cu?* increased siderophore production and Ni?* promoted the
production of yellow pigment or siderophore [34]. In addition, conditions such as pH, temperature,
carbon source, nitrogen source, organic acids, and cell biomass could contribute to different
measurement of siderophore production [20].
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Table 1. Isolates showing different plant growth promoting rhizobacteria (PGPR) activities.

Bacterial Isolates ACC Siderophore Chitinase Antifungal
Origin deaminase activity
Root surface SAS1 +++ ++++ + ++
(Epiphyte) SBS1 +++ ++++ - +++
SCS1 + ++++ + +
SDS1 ++ ++++ - 1+
SES1 + ++ - ++
SFS1 ++ + - ++
SGS1 +++ + - ++++
SGS2 ++++ +++ + ++++
SGS3 - ++++ - ++++
SHS1 ++ +++ - +4+++
SISt +++ +++ + ++++
SJS1 + + + F+++
SJS2 +++ +++ + ++++
SJS3 ++ ++ + +
SKS1 + +++ - F+++
SKS2 ++ ++++ - +
SLS1 ++ ++ + ++++
Root internal SAE1 ++++ + - 4+
tissue SAE2 ++ ++ - ++
(Endophyte) SBE1 ++++ - + +
SCE1 ++++ ++++ - 4+
SCE2 ++++ ++ - 44+
SDE1 - ++ + ++
SEE1 ++++ +++ - 44+
SFE1 ++ +++ + +++
SGE1 ++++ + - T+
SGE2 ++ ++ - +++
SHE1 +++ +++ - +++
SIE1 ++ + - ++
SJE1 +++ ++++ - 4+
SKE1 +++ ++ + ++
SLE1 ++++ - + +

The presence of an activity is indicated by “+” whereas the absence is indicated by “—.

3.2 1-Aminocyclopropane- 1- carboxylic acid deaminase activity

The ACC deaminase measurement was conducted to know the ability of plant growth promoting
rhizobacteria (PGPR) to producing ACC deaminase, the high activity means ACC deaminase can be
metabolized to lower the ethylene level and ethylene-induced stress. This uptake of ACC deaminase
decreases the amount of ethylene inside the plant and thereby alleviated ethylene induced stress.
Deamination of ACC into a-ketobutyrate by the enzyme ACC deaminase was determined in a
biochemical assay. Among the 32 rhizobacterial isolates both from root surface and root internal tissue,
ACC deaminase activity was detected in 30 isolates, ranging from 1.8 — 29.6 pumol/mg/h (Fig. 1). SBE1
isolate showed the highest activity of 29.6 pmol/mg/h, followed by SLE1 (12.0 umol/mg/h) and SGS2
(11.1 pmol/mg/h).
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Figure 1. ACC deaminase activity from rhizobacterial isolates. Value are mean of three replications.
3.3 Siderophore assay

3.3.1 Screening siderophore production

The siderophore positive isolates were screened by using the CAS agar plates. The orange halo zone is
formed when the colorimetric test using chrome azurol S (CAS) assay to detects siderophores
independent of their structure. The siderophores scavenge iron from an Fe-CAS-
hexadecyltrimethylammonium bromide complex, and the subsequent release of the CAS dye results in
a color change from blue to orange. From 32 rhizobacterial isolates, 30 isolates were positive for
siderophore production, ranging from of 1.5 mm - 15 mm after 7 days. Interestingly, SBE1 and SLE1
did not show visible halo zones (Fig 3). In the highest halo zone in day 7" were SGS3 with (15 mm)
followed by SKS2 (14.5 mm) and SCE1 (11.5 mm). From each observation showed an average increased
size of the halo zone from day 1 until day 7.

sl -
Figure 2. The CAS agar plate siderophore production assay. A). Halo zone from the highest
of siderophore production (SGS3), B). The SLE1 isolate did not produce halo zones. The
orange color indicating siderophore production.
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Figure 3. Comparison of qualitative siderophore production from rhizobacterial isolates.
Value are mean of three replications.

3.3.2 Quantification of siderophore produced by the rhizobacterial isolates

To better compare the siderophore production levels among bacterial strains, a quantitative CAS liquid
medium assay was performed after 48 hr of incubation. In this assay, isolate SHE1 showed the highest
siderophore production level (35.5%), followed by SIS1(33.6%) and SGS1 (32.3%). Interestingly, this
guantification method gave rise to different siderophore production levels from the results determined
by measuring the halo zone size on CAS agar plates (Fig. 3).
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Figure 4. Quantification of siderophore production in liquid media after 48h incubation.

3.4 Chitinase assay

The chitinase assay was performed to determine whether the isolated rhizobacteria could degrade chitin
as a substrate. Since chitin is a main component of the fungal cell wall, high chitinase production could
serve as an indicator for the antifungal activity of a strain. From 32 isolates, only 13 (SAS1(2.1 mm),
SCS1(1 mm), SGS2 (2.8 mm), SIS1 (2.1 mm), SJS1(5 mm), SJS2 (2.1 mm), SJS3 (1.5 mm), SLS1(1.8
mm), SBE1(2.8 mm), SDE1 (1.3 mm), SFE1(2 mm), SKE1(1 mm), SLE11.1 mm)) rhizobacteria
showed the ability to degrade chitin and form transparent zones where colloidal chitin had been
degraded. By contrast, in the control plate the chitin colloids remained intact and were strained red by
Congo red.
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Figure 5. The chitinase assay. A) Clear zones formed around the filter paper disk innoculated
with SJS1. B) Control (medium culture without bacteria inoculation).

3.5 Antifungal activity of the rhizobacteria

Rhizobacteria isolates were tested for their ability to control the fungal pathogen Botrytis cinerea. The
growth inhibition effect on B. cinerea was observed. Inhibition of mycelia by rhizobacteria was done
by two streaking methods (single-streak and double-streak) in the antagonistic assay (Fig 6a and 6b).
On the left, the same inhibition was observed between the single-streak and double-streak methods. By
contrast, on the right of the plates where the rhizobacterium SJS1 was absent or present, the fungal
mycelia grew well without SJS1; whereas on the double-streak plate the expansion of mycelia were
clearly impeded by the presence of SJS1. The control showed fast expansion of B. cinerea mycelia
without the rhizobacterial inoculation (Fig 6c). The greatest B. cinerea growth inhibiton effect was
observed with SJS1 (48.14 %) followed by SHS1(46.6 %) and SGS2 (44.4 %). It is noteworthy to point
out that the greatest fungal growth inhibition was sobserved with SJSI isolate, which also showed
superior chitin-degrading ability. The SGS2 also can degrading the chitin but the antagonist result
showed more highest SJS1.

et 4
Control

Figure 6. Antagonistic assay to determine the antifungal activity of rhizobacterial isolates. A)

Inhibition of SJSI isolates againt B. cinerea with one side streak. B) Inhibition of SJSI isolates

againt B. cinerea with double side streaks. C) Growth of B. cinerea without rhizobacteria
isolates.

If compare of each rhizobacteria isolates had a different ability in PGPR traits (Table 1.), SBE1 showed
the highest isolate in ACC deaminase but did not get good result in chitinase as well as other traits,
SGS3 was showed the best isolates in siderophore also had ability in Antifungal. Interesting the results
show the same that the best SJS1 isolates in chitinase also show the best results in antifungal, this shows
the correlation between the two parameters.

It is interesting to point out that SJSI and SGS2 isolates, with high chitin-degrading ability, also
showed great inhibition effect of B. cinerea. Chitinolytic bacteria are capable of hydrolyzing of chitin
progressively to produce N-acetylglucosamine monomer [35], not only that the cellulase and proteinase
activity also good indicators for antifungal activity. In addition, chitinases inhibit spore germination and
germ tube elongation of the phytopathogenic fungi [36]. Since B. cinerea is a common plant pathogen,
the antifungal activity exhibited by SJS1 and SGS2 sugguests that the application of these two strains
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may be a promising biocontrol method, as reported by other recent studies [37, 38]. In the antagonistic
assay (Fig 6a and 6b), on the left the same inhibition was observed between the single-streak and double-
streak methods. By contrast, on the right of the plates where the rhizobacterium SJS1 was absent or
present, the fungal mycelia grew well without SJS1; whereas on the double-streak plate the expansion
of mycelia were clearly impeded by the presence of SJS1. This comparison indicated that the antifungal
ability of rhizobacteria was effective only when the pathogen and the bacterial strain are in close vicinity.
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Figure 7. Inhibition of pathogenic fungus B. cinerea growth due to the presence of rhizobacteria
isolates on 7 days.

Table 2. Summarized the highest performance PGPR traits of each isolates.

PGPR Traits 1t 2nd  3rd 4t 5th
ACC deaminase SBE1 SLE1 SCE1 SGS2 SEE1
Siderophore production SGS3 SKS2 SCE1 SCS1 SJE1
Chitinase activity SJS1 SGS2 SBE1 SJS2 SISl
Antifungal activity SJS1 SHS1 SGS2 SGS3 SCE2

The best five strains for each PGPR trait are summarized in Table 2. Among tested isolates, no
one strain showed the best performance in all traits. For example, SBE1 showed the highest ACC
deaminase activity but did not have high chitinase levels. Likewise, SGS3 showed the highest
siderophore production and antifungal activity but did not perform well in other traits. Although we did
not find a super isolate that is good in all four PGPR traits, the use of combination of multiple strains is
a possible way to take advantages of these isolated strains. More research is in need to know these
isolates growth promotion effect on plants in the field and their ability to improve plant growth in saline
conditions.

4. Conclusion

This study was carried out to characterize bacterial strains isolated from both root surface and root
internal tissue from plant rhizosphere collected from different locations of highly soil salinity in Taiwan.
Isolates that showed high activities in SBE1, SGS3, SGS2, and SJS1 were selected as potential PGPR.

The application of these strains could be a promising way to control the fungal pathogens and to improve
plant growth in stress for sustainable agriculture.

References

[1] AbbasR et al 2019. Halotolerant PGPR: A hope for cultivation of saline soils. Journal of King
Saud University Science (Article in Press).

[2] ChenZ S, HseuZ Y and Tsai C C 2015. The soils of Taiwan. Oxisols and Ultisols. (New york:
Springer Dordrecht Heidelberg). 111.



7th International Conference on Sustainable Agriculture, Food and Energy IOP Publishing

IOP Conf. Series: Earth and Environmental Science 709 (2021) 012079  doi:10.1088/1755-1315/709/1/012079

[3]

[4]
[5]
[6]

[7]

[8]

[9]

[10]

[11]

[12]
[13]

[14]

[15]
[16]
[17]
[18]
[19]
[20]
[21]

[22]

[23]

[24]

Petretto G L et al 2019. Effect of salinity (NaCl) on plant growth, nutrient content, and
glucosinolate hydrolysis products trends in rocket genotypes. Plant Physiology and Biochemistry.
141 30-39.

Miladinova K et al 2013. The salinity effect on morphology and pigments content in three pau-
lognia clones grown ex vitro. Bulgarian Journal of Agricultural Science. 19 2 52-56.

Hmaeid N et al 2019. Efficient rhizobacteria promote growth and alleviate NaCl-induced stress
in the plant species Sulla carnosa. Applied Soil Ecology. 133 104-113.

Sabaté D C et al 2017. Decrease in the incidence of charcoal root rot in common bean (Phaseolus
vulgaris L.) by Bacillus amyloliquefaciens B14 a strain with PGPR properties. Biological
Control. 113 1-8.

Gowtham H G et al 2018. Plant growth promoting rhizobacteria- Bacillus amyloliquefaciens
improves plant growth and induces resistance in chilli against anthracnose disease. Biological
Control. 126 209-217.

Majeed A et al 2018. Pseudomonas sp. AF-54 containing multiple plant beneficial traits acts as
growth enhancer of Helianthus annuus L. under reduced fertilizer input. Microbiological
Research. 216 56-69.

Rizvi A and Khan M S 2018. Heavy metal induced oxidative damage and root morphology
alterations of maize (Zea mays L.) plants and stress mitigation by metal tolerant nitrogen fixing
Azotobacter chroococcum. Ecotoxicology and Environmental Safety. 2 157 9-20.

Recep K et al 2009. Biological control of the potato dry rot caused by Fusarium species using
PGPR strains. Biological Control. 50 2 194-198.

Fatemeh A et al 2014. Effect of plant growth promoting rhizobacteria (PGPRs) and stratification
on germination traits of Crataegus pseudoheterophylla Pojark seeds. Scientia Horticulturae . 172
61-67.

Jimtha C et al 2017. Antifungal properties of prodigiosin producing rhizospheric Serratia sp.
Rhizosphere. 3 105-108.

Sarbadhikary S B and Mandal N C 2017. Field application of two plant growth promoting
rhizobacteria with potent antifungal properties. Rhizosphere. 3 170-175.

Mosbah A et al 2018. Novel antifungal compounds, spermine-like and short cyclic polylactates,
produced by Lactobacillus harbinensis K.VV9.3.1Np in yogurt. Frontiers in microbiology. 9 252-
253.

Penrose D M and Glick B R 2003. Methods for isolating and characterizing ACC deaminase-
containing plant growth-promoting rhizobacteria. Physiologia Plantarum. 10 2 118.

Masciarelli O A, Llanes and Luna V 2014, A new PGPR co-inoculated with Bradyrhizobium
japonicum enhances soybean nodulation. Microbiological Research. 169 7 609-615.

Louden B C, Haarmann D and Lynne A M 2011. Use of blue agar CAS assay for siderophore
detection. Journal of microbiology & biology education. 12 1 51-53.

Schwyn B and Neilands J B 1987. Universal chemical assay for the detection and determination
of siderophores. Analytical Biochemistry. 160 1 47-56.

Shaikh S S, Wani S J and Sayyed R Z 2016. Statistical-based optimization and scale-up of
siderophore production process on laboratory bioreactor. Biotech. 6 1 69.

Kumar S V et al 2017. Characterization and optimization of bacterium isolated from soil samples
for the production of siderophores. Resource-Efficient Technologies. 3 4 434-439.

Hsu S C and Lockwood J L 1975. Powdered chitin agar as a selective medium for enumeration
of actinomycetes in water and soil. Applied microbiology. 29 3 422-426.

Saima M K, Roohi and Ahmad | Z 2003. Isolation of novel chitinolytic bacteria and production
optimization of extracellular chitinase. Journal of Genetic Engineering and Biotechnology. 11
39-46.

Fatima Z et al 2009. Antifungal activity of plant growth-promoting rhizobacteria isolates against
Rhizoctonia solani in wheat. African Journal of Biotechnology.8 2 219-255.

Jalili F et al 2009. Isolation and characterization of ACC deaminase-producing fluorescent
pseudomonads, to alleviate salinity stress on canola (Brassica napus L.) growth. Journal of Plant
Physiology.166 6 667-674.

10



7th International Conference on Sustainable Agriculture, Food and Energy IOP Publishing

IOP Conf. Series: Earth and Environmental Science 709 (2021) 012079  doi:10.1088/1755-1315/709/1/012079

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Carlos M H J et al 2016 . Assessing the effects of heavy metals in ACC deaminase and IAA
production on plant growth-promoting bacteria. Microbiological Research. 188-189 53-61.
Amna et al 2019. Mechanistic elucidation of germination potential and growth of wheat
inoculated with exopolysaccharide and ACC- deaminase producing Bacillus strains under
induced salinity stress. Ecotoxicology and Environmental Safety. 183 10 94- 66.

Etesami H and Maheshwari D K 2018. Use of plant growth promoting rhizobacteria (PGPRs)
with multiple plant growth promoting traits in stress agriculture: Action mechanisms and future
prospects. Ecotoxicology and Environmental Safety. 156 225-246.

Hashem A B, Tabassum and Fathi A E 2019. Bacillus subtilis: A plant-growth promoting
rhizobacterium that also impacts biotic stress. Saudi Journal of Biological Sciences. 26 6 1291-
1297.

Silva N C Q et al 2018. Salt stress inhibits germination of Stylosanthes humilis seeds through
abscisic acid accumulation and associated changes in ethylene production. Plant Physiology and
Biochemistry. 130 399-407.

Glick B R 2012. Plant Growth-Promoting Bacteria: mechanisms and applications. Hindawi
Publishing Corporation Scientifica, 212 15.

Tahir M et al 2019. Regulation of antioxidant production, ion uptake and productivity in potato
(Solanum tuberosum L.) plant inoculated with growth promoting salt tolerant Bacillus strains.
Ecotoxicology and Environmental Safety. 178 33-42.

Cesari A et al 2019. Restrictive water condition modifies the root exudates composition during
peanut-PGPR interaction and conditions early events, reversing the negative effects on plant
growth. Plant Physiology and Biochemistry. 142 519-527.

Kumar A et al 2019. Recent advances of PGPR based approaches for stress tolerance in plants
for sustainable agriculture. Biocatalysis and Agricultural Biotechnology. 20 1878- 8181.

Ghosh S K, Pal S and Chakraborty N 2015. The qualitative and quantitative assay of siderophore
production by some microorganisms and effect of different media on Its production. International
Journal of Chemical Science. 13 4 1621-1629.

Setia | N and Suharjono 2015. Chitinolytic assay and identification of bacteria isolated from
shrimp waste based on 16S rDNA sequences. Advance in Microbiology. 5 541-548.

Nguyen H Q et al 2015. An extracellular antifungal chitinase from Lecanicillium lecanii:
purification, properties, and application in biocontrol against plant pathogenic fungi. Turkish
Journal of Biology. 39 6-14.

Jiang C H et al 2018. Bacillus velezensis, a potential and efficient biocontrol agent in control of
pepper gray mold caused by Botrytis cinerea. Biological Control. 126 147-157.

Li J et al 2015. Expression of Paenibacillus polymyxa B-1,3-1,4-glucanase in Streptomyces
lydicus AO1 improves its biocontrol effect against Botrytis cinerea. Biological Control. 90 141-
147.

11



