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identify and investigate the influence of endophytic microorganisms on the growth and
yield of chia plants.

Identification of endophytes and evaluation of their impact on growth of Chia

(Salvia hispanica L.)

ABSTRACT

Endophytic microorganisms promote root growth, improve nutrient uptake efficiency
and produce more Yyields. i i i i i

experience—enhanced—growth—This study was focused on endophytes from Chia plants in

Bhukkapatna, Tumakur with the objective of molecular characterization of efficient

endophytic microorganisms and its impact on growth of Chia. Twelve bacterial isolates were
identified, with eight displaying nitrogen fixation, phosphate solubilisation, potassium
fixation, production of 1AA, GA, siderophore and exopolysaccharide production.Molecular
characterization using 16S rRNA revealed their identities as Pseudomonas fluorescens,
Bacillus cereus, Stenotrophomonasmaltophilia, and Enterobacter cloacae. Among these,
Enterobacter cloacae (CEPB8) exhibited highest positive impact on Chia plant growth. In
greenhouse conditions, treatments involving combinations of all four demonstrated the
highest plant height (35.467cm) and biomass (158.37 grams) at harvest, surpassing the
control group. Combined treatments outperformed individual strains, highlighting synergy.
The study affirms that endophytic microorganisms significantly enhanced growth in Chia

plant.
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Introduction:

Agricultural output levels have increased dramatically as a result of the green
revolution, but at a tremendous environmental cost. The increasing use of chemical fertilizers
and crop varieties with high yields has resulted in the deterioration of the soil and reduction
in its fertility. Alternatives to chemical-based techniques are currently being researched by
scientists. The beneficial bacteria of the rhizosphereand endophytic microorganisms are
essential for improving plant growth, health, and nutrient availability. REF

The plant growth promotion route involves the phytohormone production, nitrogen

fixation, siderophore production, solubilization of inorganic substances (P, K, Zn etc.) and

making it conveniently available to the plantsref. Through the symbictic association with
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Isolation of endophytic microorganisms from the roots and soil

at 28 °C for

Identification of efficient endophytic microorganisms involved in plant growth
promotion
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RESULTS AND DISCUSSION
Isolation of endophytic microorganisms from root and soil

The growth of endophytes surrounding the incubated root bits and from rhizosphere soil was
observed in nutrient agar media. Twelve different isolates were chosen from the three
colonies surrounding the root bits on each petri plate for further investigation. Among them
nine isolates(CEPB1, CEPB2, CEPB3, CEPB4, CEPB5, CEPB6, CEPB7, CEPB8 and
CEPB9)having different colour and colony morphology were chosen from root and three
isolates (CEPBA, CEPBB and CEPBC) were chosen from rhizosphere soil.



Morphological characterization of endophytic microorganisms

acteria- The cell shape,
colour and shape of the colonies are shown in the Table 2—Microscopic—analysis—was

the-tsolates: These isolates exhibited a mixed composition, comprising 33.33% Gram-positive
and 66.6% Gram-negative types.

Similar results were observed by Suhandonoet al. (2016) refwhere Gram-positive
bacilli bacteria with a white colony morphology, nonmotility, circular form, whole edge, and
convex elevation were identified as the Sp.2 isolate. Gram-negative cocci bacteria with a
white colony morphology, nonmotility, circular form, whole edge, and convex elevation were

identified as Sp.4 isolates isolated from Rambutan fruits (Nepheliumlappaceum L.)

Table 2: Morphological and physiological characteristics of endophytic isolates CEPB1,
CEPB2, CEPB3, CEPB4, CEPB5, CEPB6, CEPB7, CEPB8, CEPB9, CEPBA, CEPBB
and CEPBC from Chia root and rhizosphere soil

Sl no. Isolates Color shape Cell shape Gram

reaction
1 CEPB1 Green Round Rod Negative
2 CEPB2 Green Round Rod Negative
3 CEPB3 Cream Round Rod Positive
4 CEPB4 Opaque Round Rod Negative
5 CEPB5 Cream Round Rod Positive
6 CEPB6 Opaque Dome Cocci Positive
7 CEPB7 Opaque Round Rod Negative
8 CEPBS8 Opaque Round Rod Negative
9 CEPB9 Cream Dome Cocci Positive
10 CEPBA Yellowish Round Rod Negative
11 CEPBB Opaque Round Rod Negative
12 CEPBC Cream Round Cocci Negative

Identification of efficient endophytic microorganisms for plant growth promotion:
CEPB1, CEPB2, CEPB4, CEPB5, CEPB7, CEPB8, CEPB9, CEPBB and CEPBC formed

colonies when streaked on Norris’s glucose nitrogen free medium and showed their ability to



fix nitrogen. CEPB4, CEPB5, CEPB7, CEPB8, CEPB9, CEPBA and CEPBB formed clear
zones in Pikovskaya’s media and were efficient in phosphate solubilization. Among the 12
bacteria isolated, 75% of them solubilised potassium and formed clear zones in
Aleksandrov’s agar media around the inoculated spot area. 41.6% (CEPB2, CEPB4, CEPB?,
CEPB8 and CEPBC) were efficient in production of 1AA.66.6% of the isolates produced
yellow precipitation in ethanol and showed exopolysaccharide production. Eight of the
isolates CEPB1, CEPB3, CEPB4, CEPB5, CEPB6, CEPB8, CEPBA and CEPBB changed the
colour of CAS reagent to yellow and produced siderophore.

Husseinyet al.(2021) performed in-vitro screening to evaluate the potential of the
bacterial isolates in promoting plant growth through various attributes, including Indole
acetic acid (IAA) production, 1-aminocyclopropane-1-carboxylate (ACC) deaminase
production, and nitrogen fixation. Among them 95% of the isolates were capable of
producing IAA, 7.5% produced ACC deaminase and 15% exhibited nitrogen-fixing
abilities.Based on their plant growth promoting potential, a total of 25 bacterial isolates
belonging to 16 different genera and distributed across four phyla were sequenced and
identified.

Therefore, from the above discussed results CEPB1, CEPB2, CEPB4, CEPBS5,
CEPB7, CEPB8, CEPBAandCEPBB were found to have plant growth promoting properties
and were further selected for molecular characterization using 16S rRNA.

Table 3: Identification of efficient endophytic microorganisms based on plant growth
promoting characters

Isolate Nitrogen | Phosphate Potassium [IAA  |Exopolysaccharide [Siderophore
fixation solubilization fixation production production
CEPB1 + - + - + "
CEPB2 + - + + n -
CEPB3 - - - - + +
CEPB4 + + + + - +
CEPB5 + + - - R +
CEPB6 - - + - + +
CEPB7 + + + + - -
CEPBS8 + + + + + +




CEPB9 ] - + - - -

CEPBA - + + - + +
CEPBB + + + - + +
CEPBC + - - + - -

Legend: Nitrogen fixation: (+) growth and (-) no growth on Norris glucose
nitrogen free medium; Phosphate solubilization: (+) formation of clear zones (-) absence
of clear zones; Potassium fixation: (+) formation of clear zones (-) absence of clear
zones; 1AA (Indole acetic acid)production: production of pink colour (-) no change in
the colour; Siderophore production: (+) Change of colour to yellow (-) no change;
Exopolysaccharide production: (+) yellow precipitation (-) no precipitation

Molecular characterization of endophytic microorganisms using 16S rRNA: The PCR
products having an amplicon size of about 1450 bp were sent for sequencing and the
sequences acquired were compared to sequences on the GenBank at the NCBI website. The
sequenced data obtained were subjected to nucleotide BLAST in NCBI website in FASTA
format.The isolates were identified as Pseudomonas fluorescens, Bacillus cereus,

Stenotrophomonas maltophilia and Enterobacter cloacae.

Table 4: Similarity percentage of the isolate with organism

Isolate Similarity percentage Organism

(%)
CEPB1 98.81 Pseudomonas fluorescens
CEPB2 98.63 Pseudomonas fluorescens
CEPB4 98.83 Enterobacter cloacae
CEPB5 99.28 Bacillus cereus
CEPB7 99.17 Enterobacter cloacae
CEPBS 98.55 Enterobacter cloacae
CEPBA 97.00 Stenotrophomonas maltophilia
CEPBB 98.95 Enterobacter cloacae

Similar procedure was followed by Ashmawy et al. (2020) where characterized 14

bacterial isolates recovered from seeds of different varieties of tomato, eggplant, black



nightshade and tobacco. The bacterial isolates were identified at the molecular level by PCR
reactions utilizing the 16S rRNA gene. Partial DNA sequences analysed using BLAST tool
revealed that the inferred 16S rRNA partial sequences of the 7 isolates showed similarity to
Pantoeaananatis (3 isolates), Pseudomonas syringaepv. tomato (2 isolates) and
Xanthomonasvesicatoria (2 isolates).Dubey et al. (2021) extracted genomic DNA from the
selected bacterial isolates and performed PCR amplification of the 16S rRNA gene. Based on
16S rRNA gene sequencing, endophytic bacterial strain AKAD Al-1 showed a close
resemblance to Bacillus cereus; AKAD Al1-2 and AKAD Al1-16 were found to be affiliated

with members of the Pseudomonas spp.
Evaluation of the effectiveness of selected endophytic microorganisms on plant growth

The application of treatments significantly influenced the number of leaves, number
of branches, plant height, root length, root dry weight, root length and plant biomass of the
plant.

Table 5: Effect of inoculation of endophytic microorganisms on number of branches and
number of leavesof Chia plant at 30 DAT, 60 DAT and 90 DAT

Number of branches Number of leaves
Treatment | 30 DAT | 60 DAT | 90 DAT | 30DAT | 60DAT | 90DAT
T1 2.66° 5.66" 8.66" 8.00" | 21.33 | 43.66
T2 5.33° 8.33 12.00" | 15.60°" | 32.009 | 61.33¢
T3 5.00° 9.60° | 13.30° | 15.00" | 34.33" | 68.00"
T4 4.00¢ 7.00° | 10.00° | 10.33° | 25.33' | 50.00'
T5 5.00° 8.00" 11.00% | 12.00% | 28.33" | 56.33"
T6 7.66° | 16.00° | 20.00° | 25.33° | 46.66° | 91.00°
T7 7.00° | 12.009 | 15.30% | 17.00° | 37.00° | 74.66°
T8 5.33° | 14.30° | 17.30° | 19.67 | 39.66% | 79.60¢
T9 5.33° | 15.00° | 19.00° | 23.30° | 44.00° | 85.33°
T10 11.00% | 17.60* | 22.60* | 32.60° | 54.66° | 97.30°
CD(0.05) 0.88 0.76 0.98 1.86 2.17 1.24

Table 6: Effect of inoculation of endophytic microorganisms on root length and root dry
weight of Chia plant at 30 DAT, 60DAT and 90DAT

Root length Root dry weight
Treatment | 30 DAT | 60 DAT | 90 DAT | 30 DAT | 60 DAT | 90 DAT
T1 9.03' 12.80' | 28.93 | 0931 | 3.08" 5.40"
T2 12.36% | 19.339 | 39.73 | 1.98¢ 4.97° 6.68°
T3 14.86" | 22.06" | 42.20" | 2.06' 5.08° 6.95
T4 11.00" | 14.30" | 33.70" | 1.23' 3.79¢ 5.72'




T5 11.23%" | 16.73" | 35.93" | 1.59" 4.64" 5.96"
T6 26.76" | 35.86° | 53.20° | 3.24° | 7.66® | 11.62°
T7 17.66° | 25.56° | 4550° | 2.10° 6.65 7.22°
T8 20.20% | 27.73% | 47.80% | 2.36° 7.01° 8.27¢
T9 24.10° | 30.43° | 50.76° | 3.04° 753> | 10.63°
T10 28.96° | 38.86° | 57.13* | 3.98 7.90° | 12.31°
CD (0.05) | 1.23 0.97 0.98 0.04 0.24 0.23

Table 7: Effect of inoculation of endophytic microorganisms on plant height of Chia

plant at 30 DAT, 60 DAT and 90 DAT and plant biomass at 90 DAT

Treatment | 30 DAT | 60 DAT | 90 DAT | Plant Biomass at 90 DAT
T1 13.36' | 67.33 | 75.43 40.44)
T2 17.66™ | 81.939 | 94.929 65.879
T3 18.30" | 84.86" | 97.19f 74.00"
T4 15.00' | 74.46' | 88.36' 52.09'
T5 16.76° | 78.90" | 90.02" 57.51"
T6 30.80° | 100.60° | 121.66° 120.79°
T7 21.06° | 88.50° | 99.30° 85.83°
T8 22.50° | 90.76% | 112.60° 94.449
T9 24.66° | 94.86° | 118.20° 105.12°
T10 35.46% | 123.33% | 128.90° 158.37°

C.D(0.05) | 1.14 2.21 1.54 2.05

Legend: T1= Control (No treatment); T2 =Treatment using Pseudomonas fluorescens
(CEPB2); T3= Treatment using Enterobacter cloacae (CEPB8); T4= Treatment using
Bacillus cereus (CEPB5) T5= Treatment using Stenotrophomonas maltophia CEPBA; T6
= CEPB2+CEPBS8; T7= CEPB5+CEPBA; T8= CEPB2+CEPBA; T9= CEPB5+CEPBS;
T10= CEPB2+ CEPBA+CEPB5+CEPBS.

DAT = Days After Transplantation. Mean values followed by the same superscript in
each column do not differ significantly at p < 0.05 level by DMRT.

The number of branches were recorded the highest in the plants treated with T10 with
average of 11, 17.66, 22.67 branches/plant at 30DAT, 60 DAT, 90DAT respectively followed
by T6 (CEPB2+CEPBS) during 60DAT and 90 DAT. Treatment T10 showed more average
number of leaves (54.66) compared to T1(control) with average of 21.33 number of leaves.
T10 had highest root length of 28.97cm, 38.86 cm, 57.13 cm and highest root dry weight with
an average of 3.97g, 7.99, 12.31g at 30DAT, 60 DAT, 90 DAT respectively. Highest plant
height was exhibited by Treatment 10 with the average height of 35.467cm, 123.33 cm and
128.96 cm respectively at 30DAT, 60DAT and 90DAT followed by T6 (CEPB2+CEPBS).

Treatment10 demonstrated the highest plant biomass, measuring 158.37 grams. In contrast,



the control group (T1) displayed the lowest plant biomass, merely amounting to 40.443
grams.

Among the 10 treatments, the best treatment was treatment 10 i.e., the combination of
4 endophytic microorganisms (Pseudomonas fluorescens CEPB2+ Enterobacter cloacae
CEPB8+ Bacillus cereus CEPB5+, Stenotrophomonas maltophilia CEPBA). All these
isolated microorganisms were efficient in nitrogen fixation, phosphate solubilisation,
potassium fixation, production of IAA, GA, siderophore and exopolysaccharide production
and the Treatment 3 i.e., CEPB8 (Enterobacter cloacae) performed best among individual
treatments as CEPB8 was also efficient in all the plant growth promoting characters. Similar
results were reported by Taghinasabet al. (2018).He stated that colonization of wheat roots by
Trametes versicolor and Piriformospora indica increased plant biomass. In tomato and
brinjal, Dileep Kumar and Dube (1991) investigated the Pseudomonas fluorescens strain
RBT-13's ability to promote plant development. When compared to the uninoculated control,
they noticed that both crops had longer roots and increased plant height.

Conclusion

The findings of the study showed that among the isolated 12 strains, 8 strains had efficient
plant growth promoting traits and improved growth and biomass content of Chia under the
greenhouse conditions. Maximum growth and biomass were observed in the treatment having
combination of the 4 endophytic microorganisms.Pseudomonas fluorescens, Enterobacter
cloacae, Bacillus cereus,and Stenotrophomonas maltophilia helped in increasing the root
growth, plant height and plant biomass indicating that the endophytic microorganisms have a

major impact on growth of Chia plants.
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