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Endophytic bacteria colonize the interior of the plant parts, without causing
any harmful effect and promote plant growth. An investigation was carried out to isolate
endophytic bacteria from aerobic rice varieties that have the potential to produce
phytohormones like indole-3-acetic acid (IAA), gibberellins (GA) and cytokinin. Total of
twenty four endophytic bacteria were isolates from rice tissues of the four varieties of
aerobic rice. Eight endophytic bacteria designated as ARBR3, AM65R1, IR64L1, ARBS2,
AMG65S2, IR64R1 AND JERR2 were found to produce IAA in the range of 226.59-10.86 ug/
ml. GA was found to produce by six endophytic isolates from the root, shoot and leave of
the four varieties of aerobic rice, these isolates are ARBR2, ARBR3, AM65R2, AM65L1,
IR64R1, and IR64S2 in which the concentration ranges from 5.43-2.56. Only three isolates
produced cytokinin where isolate JER produced highest concentration (5.42 pg/ml). This
work revealed that some endophytic bacteria from aerobic rice produced plant growth
hormone that would help in plant growth and development and will be added advantage
to be used in microbial inoculation.
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Endophytic bacteria are ubiquitous in
nature with a rich biodiversity and unexplored
biosynthetic pathway (Ryan et al., 2008). By
occupying the localized point of entry or by
spreading within the plant, they produce an array
of bioactive metabolites and hydrolytic enzymes
to survive in the unique environment of the host
plant (Strobel 2002). Their metabolic activitiescan
contribute to the growth and development of the
plants. Thereisfirm evidencethat indole-3-acetic
acid (IAA) gibberellins (GA) and cytokinins, all
produced by plants and essential to their growth
and development, are produced also by various
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bacteria which live in association with plants.
Diverse plant-associated microbes synthesize
phytohormones such as gibberellins, cytokinins,
jasmonic acid, abscisic acid, ethylene, and indole-
3-acetic acid (IAA), often with profound effects
on growth, tissue differentiation, and reproduction
of their hosts (Spaepen et al., 2007).

Bacterial endophytes have been reported
to promote plant growth by a number of different
mechanisms. These mechanisms include
phosphate solubilization activity (Wakelin et al.,
2004), production of phytohormones (Lee et al.,
2004), nitrogen fixation (Compant et al., 2005),
siderophore biosynthesis (Lodewyckx et al., 2002).
Bacterial endophytes may also promote plant
growth as a consequence of the bacterium
expressing the enzyme 1-aminocyclopropane-1-
carboxylate (ACC) deaminase which cleavesACC
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to a ketobutyrate and ammonia and thereby
decreases ethylene levels in host plants (Sun et
al., 2009).

Asthe plant growth promoting properties
of endophytic bacteria can vary, it isimportant to
study such properties from microbia populations
associatied with economically important plants.

In the current study, endophytic bacteria
were isolated from the four varieties of the
aerobically grown rice and these isolates were
studied for their ability in producing phytohormone
likeAA, GA and cytokinin. Since aerobicriceis
new water saving technology studies on such
aspectsis very limited and therefore this study is
significant and novel in its approach.

MATERIALS AND METHODS

I solation of bacterial endophytes

The aerabic rice samples were collected
during Kharif season 2014-15 from the aerobic rice
research plot, Department of Plant Biotechnology,
University of Agricultural Sciences, GKVK campus,
Bangalore. Four rice genotypes selected for the
study were ARB6, IR64, AM65 and Jeeregisana.
Ten plants of each variety were collected in the
heading stage. From each plant, 10 |leaf segments,
10 shoot segments, and 10 root segments were
analyzed.

Plant tissue samples were surface
sterilized with 70% ethanol for 2 min and shakenin
1.2% (w/v) NaClO solution for 20 min. Samples
werethen washed several timeswith steriledistilled
water with shaking (15 min each). Surface sterilized
samples were ground with sterilized mortar and
pestle, and inoculated on nutrient agar medium.
After incubation at 30°C for 2 days, theinocul ants
weretransferred to fresh nutrient agar mediumand
then incubated at 30°C for 2 days. The transfer
procedure mentioned above was carried out 3-4
timesto isolate single colonies (Lee et al., 2005).
The isolated endophytic bacteria were stored at -
70°C in nutrient broth containing 15% (v/v)
glycerol.

Naming of theisolate

Total of twenty four isolateswereisolated
from the roots, shoots and leaves of the four
varietiesof aerobicrice. They were nameaccording
to the variety name followed by the parts of the
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aerobic rice like root, shoot and leave and the
number of isolates of that variety

Production of plant growth regulators by
endophytic bacterial isolates

Bioassay for GA production by endophytes. Sarch
agar halotest

Stock solutions of GA were prepared 103
to 10°M. 24 hour old endophytic bacterial culture
(108cfu/ml) wereinoculated in 25 ml nutrient broth
and incubated at 30 °C for 10 days. The cellswere
centrifuged at 5000rpm to remove the cell mass
and the culture filtrate was used for the bioassay.
Pre germinated paddy seedswere cut into two and
the embryo less half seed wasincubated in 5ml of
culture filtrate for 6 to 8 hours. Then they were
transferred to Petri plateswith starch agar medium.
The half seed was placed with the cut surface
touching the medium and the plateswere incubated
for 24-48 hours. Then the seedswere removed and
the plateswere flooded with iodine sol ution. Seeds
soaked in sterile water served as control and those
soaked in different concentrations of GA solutions
served as standard. The clear halo formed was
measured and compared with the control plate.
From the standard graph GA production of the
endophytic isolates was calcul ated.

Bioassay for IAA production by endophytic
isolates: Cucumber root elongation biocassay
(L oper and Schroth, 1986)

Healthy seeds of cucumber were selected
for the study. They were soaked in water for six
hoursand alowed to germinatein filter paper. Stock
solutions of IAA were prepared upto 102 strength.
24 hour old endophytic bacterial culture (10°cfu/
ml) were inoculated in 25 ml nutrient broth and
incubated at 30°C for 10 days. The cells were
centrifuged at 5000 rpm to remove the cell mass
and the culture filtrate was used for the bioassay.
6ml of the culturefiltrate was added to Petri plates
and the selected seedlings were transferred into
them (10 seeds/plate) and incubated for 48 hrs.
Similarly different concentrationsof |AA solution
were used as standard. Sterile water served as
control. After 48 hours measured the root length
of the seedlings and tabulated the results. The
standard graph was pl otted with the concentration
of IAA and the decrease in root length. The IAA
production by the endophytic isolates was
calculated from the standard graph.
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Bioassay for cytokininsby endophyticisolates:
Cucumber cotyledon greening bioassay (Fletcher
etal., 1982)

The cucumber cotyledonsfrom 5-day-old
plants were excised in dim green light, weighed
and uniformly floated in 7-cm Petri dishes
containing 5 mL of culturefiltrate. Benzyl adenine
(BA) was used as standard. Petri dishes containing
5 mL of test solution containing 10 to 108 M of
BA and 40 mM KCI served as control. Cotyledons
placed in a solution of 5 mL of 40 mM KCI was
used as control. Each plate of sample and control
wereplaced 10 piecesof cotyledonswith theadaxial
face down. Their weight was on average
0.2500+0.0050 mg. All the disheswerereturned to
thedark at 28 °C for anincubation of 24 hoursand
then exposed to fluorescent light with an intensity
of 11 mmol-m-2-s-1 for 3 hours at 28 °C. The
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cotyledons were extracted directly with 10 mL 95
% acetone - ethanol 2:1 (v/v) solution in dark for
24 hours. The absorbance of the extraction
solutions were measured using UV755B
spectrophotometer at 663 and 645 nm.
Analysis

Analysis of variance (ANOVA) was
performed and significant differences between
meanswere compared using Fisher’sprotected LSD
testat P=0.05.

RESULTS AND DISCUSSION

A total of twenty four isolates were
isolated from the surface sterilized roots, shoots
and leaves of thefour varietiesof aerobicriceviz,
ARB6, AM65, IR64 and Jeeregisana (JER). The
surface sterilization procedure for the isolation of

Table 1. Bioassay for Gibberellic Acid (GA) production by endophytic isolates

Sno  Varieties Source Isolates Diameter of GA (no)*
the zone (mm)
1 ARB6 Roots ARBR1 - -
2 ARBR2 25.22 5.43°
3 ARBR3 19.1° 2.66°
4 ARBR4 - -
5 Shoots ARBS1 - -
6 ARBS2 - -
7 Leaves ARBL1 - -
8 AM65 Roots AMG65R1 - -
9 AM65R2 19.2° 2.56°
10 Shoots AMB65S1 - -
11 AM65S2 - -
12 AMG65S3 - -
13 AM65%4 - -
14 Leaves AMG65L1 24.82 5.25°
15 AMG65L2 - -
16 AMG65L3 - -
17 IR64 Roots IR64R1 22.6® 4.17*
18 Shoots IR64S1 - -
19 IR6432 19.3° 2.57°
20 Leaves IR64L1 - -
21 JEEREGISANA  Roots JERR1 - -
22 JERR2 - -
23 Shoots JERS1 - -
24 Leaves JERL1 - -
Referencestrain ~ Pseudomonas fluorescens 15.4¢ 0.57¢
SEm 2.82 141
CD (0.05) 3.45 1.73

Note: Different letters in superscripts indicate significantly different values. Bioassay by Starch

agar halo test.

*Estimated from 25 ml culture filtrate concentrated to 2 ml.
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endophytic bacteria as standardized in the
experiment was quite satisfactory as no growth
appeared on the control plate. Theseisolateswere
further tested for their production of phytohormone
GA, IAA and cytokinin following standard
procedure.

The production of plant growth
regulators Gibberellicacid (GA), Indole acetic acid
(IAA) and cytokinins (Benzyl adenine) by the
endophytic bacterial isolates was studied by
bioassay. The concentration of GA in the culture
filtrate of the endophytic bacterial isolates was
determined by the starch agar halo test. Out of
twenty four isolates, only six isolates produced
gibberellins. This bioassay is based on the
principle that GA induces de novo synthesis of
amylase in germinating seeds. According to this
study the highest GA was recorded in ARBR2

Plate 1. Starch agar halo test for GA production; A)
ARBR3 isolate B) AM65L 1 isolate C) ARBR2 isolate
D) IR64S2 isolate E) AM65R2 and F) IR64R1 isolate

Plate 2. Cucumber root elongation test for IAA
production; A) AM65R1 isolate B) ARBRS isolate C)
IR64L 1 isolate D) IR64R1 isolate E) AM65S2 isolate
F) JERR2 isolate G) ARBS2 and H) ARBRL1 isolate.
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(5.43ug) whichwason par withAM65L 1 (5.25 ug)
and IR64R1 (4.17 ug). The least wasin ARBRS,
AMB5R2 and IR64S2. All these isolates recorded
lessthan 3.00 ug GA. Resultsare presented in Table
1, Plate 1. Theresultswerein accordancewith Chen
et al., (1998) who reported gibberellins production
inflooded rice by Acetobacter diazotrophicusand
Herbaspirillum seropedicaein chemically defined
culture media. Maheswari et al., (2013) reported
endophytic isolates from rice and maize that
produced gibberellic acid, which rangesfrom 0.75
to2.83ugml=.

The IAA bioassay is based on the
inhibition of root growth in cucumber by IAA. As
the concentration of |AA increases the root
elongation of germinating seedlings is inhibited.
The results of the bioassay are recorded in Table
2, Plate 2. Eight isolates produced |AA in which
ARBR3 (226.59 ug) showed highest concentration
which was on par with AM65R1, ARBR1 and
IR64L1 (188.10 pg, 173.92 ug and 149.85 ug

Plate 3. Cucumber cotyledon greening bioassay for
cytokinin production; A) ARBR2 isolate B) AM65R2
isolate C) JERRL1 isolate and D) control

Plate 4. Extraction of chlorophyll from the cucumber
cotyledon; A)JERRL1 isolate B) AM65R2 isolate C)
ARBR2 isolate D) Reference strain and E) 40mM KCI
control
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Table 2. Bioassay for IAA production by endophytic bacterial isolates

Sno  Varieties Source Isolates Root IAA (no)*
length(cm)

1 ARB6 Roots ARBR1 1.23° 173.922
2 ARBR2 - -
3 ARBR3 2.282 226.592
4 ARBR4 - -
5 Shoots ARBS1 - -
6 ARBS2 0.88° 35.10%°
7 Leaves ARBL1 - -
8 AMG5 Roots AMG65R1 1.28° 188.102
9 AMG65R2 - -
10 Shoots AM®65S1 - -
11 AMG65S2 0.78° 33,79
12 AMG65S3 - -
13 AMG6554 - -
14 Leaves AMG5L1 - -
15 AMB5L2 - -
16 AM®65L3 - -
17 IR64 Roots IR64R1 0.87¢ 10.87¢
18 Shoots IR64S1 - -
19 IR64S2 - -
20 Leaves IR64L1 1.18° 149.85%®
21 JEEREGISANA Roots JERR1 - -
22 JERR2 0.80¢ 20.55¢
23 Shoots JERS1 - -
24 Leaves JERL1 - -

Referencestrain  Pseudomonas fluorescens 0.84° 32.55k

SEm 0.15 97.99
CD (0.05) 0.18 118.87

Note: Different letters in superscripts indicate significantly different values. Bioassay by
Cucumber root elongation test. *Estimated from 25 ml culture filtrate concentrated to 2

ml.

respectively). Theleast concentration of IAA was
inARBS2, AM65S2, JERR2 and IR64R1 (35.10 g,
33.79 ug, 20.55 pg and 10 pg). Thisresultswasin
accordance with Ji et al.,(2013) were out of 576
endophytic bacteria from the leaves, shoots and
roots of flooded rice, only 12 endophytes
produced IAA ranging 22.6t03.1 1 (u/ml).

The cucumber cotyledon greening
bioassay is frequently used for detecting
cytokinins and the results of the test are presented
in Table 3, Plate 3 and 4. Cytokinins accelerate
chloroplast differentiation aswell as regulate and
stimulate chlorophyll (Chl) productionin etiolated
cucumber cotyledons. Theincreasein Chlorophyl|
production is proportional to the concentration of
cytokinins and this response provides a sensitive

yet rapid bioassay for cytokinins. The cytokinin
(benzyl adenine) concentration in 25 ml culture
filtratewashighestinthe JERR1 (5.42 ug) followed
by the reference culture Azotobacter chroococcum
(3.05 ug) and the least were recorded with roots
endophytes of AM65R2 (0.711 pug) and ARBR2
(0.526 ug). There is little or no record on the
endophytic bacteriafrom rice producing cytokinin
but however many endophytesfrom grains, maize
and sugarcane show cytokinin production.
Pradeepa et al., (2013) reported five endophytic
bacteria from Tabernaemontana divaricata
produced cytokinin through cucumber cotyledon
greening bioassay. A study by Silvaet al., (2015)
reported cytokinin production by endophytic
bacteriaisolated from sugarcane.
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Table 3. Bioassay for Cytokinin production by endophytic bacterial isolates

Sno  Varieties Source Isolates Chl pug/ml Cytokinin (ug)*
1 ARB6 Roots ARBR1 - -
2 ARBR2 1.02¢ 0.526°
3 ARBR3 - -
4 ARBR4 - -
5 Shoots ARBS1 - -
6 ARBS2 - -
7 Leaves ARBL1 - -
8 AM65 Roots AMG65R1 - -
9 AMG65R2 1.06° 0.711°
10 Shoots AMG65S1 - -
11 AMG65S2 - -
12 AMG65S3 - -
13 AMG6554 - -
14 Leaves AM®65L1 - -
15 AMB5L2 - -
16 AM®65L3 - -
17 IR64 Roots IR64R1 - -
18 Shoots IR64S1 - -
19 IR64S2 - -
20 Leaves IR64L1 - -
21 JEEREGISANA Roots JERR1 2.072 5.422
22 JERR2 - -
23 Shoots JERS1 - -
24 Leaves JERL1 - -

Referencestrain ~ Azotobacter chroococcum 1.55° 3.05°

SEm 0.285 1.30
CD (0.05) 0.479 2.19

Note: Different letters in superscripts indicate significantly different values Cucumber

cotyledon greening bioassay for cytokinins.

*Estimated from 25 ml culture filtrate concentrated to 2 ml

CONCLUSON

Aerobic rice is in itself an eco-friendly
technol ogy, to make aerobic rice cultivation more
sustainable and less dependent on chemical
fertilizers there is a need to used microbial
preparations. Therefore the results of this study
reveals that aerobic rice varieties harbored
endophytic bacteria that can produce
phytohormones and hence can be used them for
further studies to test their effect on the plant
growth and development of aerobic rice and also
through molecular approach for their identification
and functional studies.

J PURE APPL MICROBIO, 10(3), SEPTEMBER 2016.

ACKNOWLEDGMENTS

Thiswork was supported by the Maulana
Azad National Fellowship (MANF), UGC, Bahadur
Shah Zafar Marg, New Delhi-110 002, India.

REFERENCES

1. Ryan, R.P, Germaine, K., Franks, A., Ryan,
D.J., Dowling, D.N. Bacterial endophytes:
recent developments and applications. FEMS
Microbiology Letters, 2008; 278: 1-9.

2. Strobel, G.A. Rainforest endophytes and
bioactive products. Crit. Rev. Biotechnol ., 2002;
22:315-333.

3. Spaepen, S., Vanderleyden, J., RemansR. Indole-
3-acetic acid in microbial and microorganism-
plant signaling. FEMS Microbiol. Rev., 2007,



10.

SHYLLA et a.: ENDOPHYTIC BACTERIA ISOLATED FROM AEROBIC RICE

31:425-448.

Wakelin, S., Warren, R., Harvey, P. Ryder. M.
Phosphate solubilization by Penicillium spp.
closely associated with wheat roots. Biol. Fertil.
Soils., 2004; 40: 36-43.

Lee, S., Flores-Encarnacion, M., Contreras-
Zentella, M., Garcia-Flores, |., Escamilla, J.E.
and Kennedy, C. Indole-3-acetic acid
biosynthesis is deficient in Gluconacetobacter
diazotrophicus strains with mutations in
cytochrome C biogenesis genes. J. Bacteriol.,
2004; 186: 5384-5391.

Compant, S., Reiter, B., Sessitsch, A., Nowak,
J., Clement, C., Ait Barka, E. Endophytic
colonization of Mitisvinifera L. by plant growth-
promoting bacterium Burkholderia sp. strain
PsIN. Appl. Environ. Microbiol., 2005; 71:1685-
1693.

Lodewyckx, C., Vangronsveld, J., Porteous, F.,
Moore, E.R.B., Taghavi, S., Mezeay, M., Van
Der Lelie, D. Endophytic bacteria and their
potentia applications. Crit. Rev. Plant Sci., 2002;
21: 583-606.

Sun, L., Qiu, F.,, Zhang, X., Dal, X., Dong, X.,
Song, W. Endophytic bacterial diversity inrice
(Oryza sativa L.) roots estimated by 16SrDNA
sequenceanalysis. Microb. Ecoal., 2009; 55: 415—
424.

Lee, S.Y.,Nakajima, |., Ihara, F., Kinoshita, H.,
Nihira, T. Cultivation of entomopathogenic fungi
for the search of antibacterial compounds.
Mycopathologia, 2005; 160, 321-325.

Loper, J.E., Schroth, M.N. Influence of bacterial
sources of Indole -3- Acetic acid on root

11.

12.

13.

14.

15.

16.

2133

elongation of sugarbeet. Phytopath., 1986; 76:
386-389.

Fletcher, R.A., Kallumbil, V. P, Steele. An
improved bioassay for cytokinins using
cucumber cotyledons. Plant Physiol., 1982; 69:
675-677.

Chen, R., Hilson, P, Sedbrook, J., Rosen, E.,
Caspar, T., Masson, PH. The Arabidopsis
thaliana AGRAVITROPIC 1gene encodes a
component of the polar-auxin-transport efflux
carrier. Proc. Natl. Acad. Sci. USA., 1998; 95:
15112-15117.

Maheswari, T., Anbukkarasi, K., Hemalatha, T.,
Chendrayan, K. Studies on phytohormone
producing ability of indigenous endophytic
bacteria isolated from tropical legume crops.
International Journal of Current Microbiology
and Applied Sciences. 2013; 2(6): 127-136.

Ji, S.H., Guranani, M.A., Chun, S.C. Isolation
and characterization of plant growth promoting
endophytic bacteria from Korean rice
cultivars. Microbiol Res. 2014; 169:83-98.
Pradeepa,V., Jennifer, M. Screening and
Characterization of Endophytic Bacteria
| solated from Tabernaemontana divaricata Plant
for Cytokinin Production. Advanced Bio., 2013;
13:12-17.

Silvada, J.F, Barbosa, R.R., de Souza, A.N., da
Motta, O.V., Teixeira, G.N., Carvaho, V.S., de
Souza, A.L.S.R., de SouzaFilho, G.A. |solation
of Pantoea ananatis from sugarcane and
characterization of its potential for plant growth
promotion. Genetics and Molecular Research,
2015; 14(4): 15301-15311.

J PURE APPL MICROBIO, 10(3), SEPTEMBER 2016.



