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Abstract

Rhizospheric region of the roots is richly supplied with the secondary metabolites that orchestrate all sort of
rhizospheric interactions and hence communicate plant root with their below-ground competitors. A chemical
dialogue is established between the microbes and plant roots that create an atmosphere of complex and dynamic
interactions flourishing either symbiosis or pathogenicity. A wide range of secondary metabolites are found there
in rhizospheric region but particularly flavonoids and auxins are documented to be the most important signalling
elements in plant-microbe interactions. The present work aims to isolate some of the best growth promoting
rhizo-bacteria from the rhizosphere of Medicago sativa L. and their potential for secondary metabolites. A total
number of 15 different rhizospheric bacterial strains were isolated from the rhizosphere of Medicago sativa L.
using L-agar medium. All of these strains were tested for the secretion of Indole acetic acid (IAA) and flavonoids.
Three strains were known to be the best producer of IAA and flavonoids. Fifteen different strains in the
rhizosphere of just one plant suggest that how diverse they are, and their production of useful secondary

metabolites show their importance for the plants.
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Introduction

Rhizosphere, the zone around plant roots, is occupied
by enormous amount of micro-organisms and the
chemicals exuded by the plant roots (Hartmann et al.,
2008). The length of the rhizosphere is variable and
depends on the soil structure, texture, size of particle,
content of water and capacity of buffer (Nye, 1984;
Darrah, 1993; Junk, 2002;).

The soil consists of dynamic populations of micro-
organisms (bacteria, cyanobacteria, actinomycetes,
fungi, algae, protozoa , nematodes) which play an
important role for the plant in the form of enhancing
soil fertility (biological N. fixation), increasing the
availability of nutrients in the rhizosphere (phosphate
solubilization,

siderophore production),

phytohormones production (Indole acetic acid,
Gibberellin, Cytokinin), inducing increase in root
surface area, enhancing beneficial symbiosis of the
host with other microbes and combination of some
positive modes of action (Khan et al., 2009; Ahemad
and Khan, 2012; Khan et al., 2006. They also play
significant role in the maintenance of soil structure,
detoxification of hazardous chemicals and pathogens
control (Elsgaard et al., 2001; Filip, 2002; Giller et

al., 1998).

Plant root exudates and lysates (rhizodepositions)
provide a niche and attract the soil microbial
population. Quite often up to 15% of the root surface
may be covered by microbial colonies, majority of
them belongs to variety of bacterial strains. In the
rhizosphere, bacterial population densities may be
very high (up to 100 times higher) than in the bulk
soil. Bacteria use plant exudates as nutrients for their
growth and release some metabolites into the
rhizosphere which in turn act as signaling molecules
for the rest of microbial populations as well as for root
cells of the host plant (Van Loon and Bakker, 2003;
Bais et al. 2004; Gray and Smith, 2005; Kiely et al.,
2006). Rhizobium, a legume symbiont, is the most
worked out example of signal exchange between host
plant and bacteria. Flavonoids exuded by plant roots,
act as signal compounds which induce transcription
of nodulation genes (Nod genes) necessary for

infection, attraction of bacteria chemo-tactically and
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enhancement of bacterial cells growth rate, while
bacteria release Nod factors, which help in nodule
formation in legume plants. Nod factors are proteins,
perceived by plant root hairs, which function in a
hormone like fashion to initiate nodules in host plant.
In this symbiotic association Rhizobium provide fixed
N. to the host plant for the biosynthesis of amino
acids and proteins, while the host give carbohydrates
to bacterium (Brencic and Winans, 2005; Gray and

Smith, 2005).

For each symbiotic association the specific flavonoids
may be different as the case studied for three
symbiotic pairs. Exudates from three plants (alfalfa,
clover and soybean) were collected from the
rhizosphere and identified for signaling compounds
(flavonoids). The identified flavonoids were daidzein
and  genistein for  soybean-Bradyrhizobium
japonicum (Kosslak et al., 1987), luteolin for alfalfa-
Rhizobium meliloti (Peters et al., 1986) and 4', 7-
dihydroxyflavone for

(Redmond et al., 1986). Similarly nodulation genes of

clover-Rhizobium  trifolii

Rhizobium leguminosarum, which is responsible for
the formation of nodules on Vicia sativa and Pisum
sativum, were found to be activated by hesperitin
anderiodictyol (Firmin et al., 1986; Zant et al., 1987).
The source of Rhizobium nod D gene, responsible for
the specific responses, correlates to various flavonoids
and in some cases determines host range (Horvath et
al., 1987; Spaink et al., 1987). Moreover, several of
the recent reports suggest that Indole Acetic Acid
(IAA) can also function as a signaling molecule in
rhizobacteria and therefore, may have a direct effect
on bacterial physiology (Spaepen et al., 2007). In the
present study rhizosphere of Medicago sativa L. was
studied to determine the presence of different
bacterial strains and to analyze their filtrates for the
determination and quantification of flavonoids and

auxin.

Materials and methods

Host plant, bacterial strains, culture medium and
growth conditions

Alfalfa (Medicago sativa L.) plants were collected
from the lawn of University College of Science
Shankar, AWKUM. The plants were dig out with fine
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roots intact. The roots were well shaken to remove the
soil particles. Then the roots were suspended in 100
ml autoclaved distilled water. Serial dilution was done
up to 10, The screening and isolation of rhizospheric
bacteria was carried out on L-agar medium plates. A
100yl of 10 diluted serial was poured on the surface
of petri plate containing L-agar medium and spread
on the plate surface with the help of inoculation loop.
The bacterial colonies were purified using streaking
method.

Isolation of rhizospheric bacteria

A total number of 31 strains were isolated using L-
agar medium in sterilized petriplates. Out of these 15
were known to be different and were selected for
further analysis. These 15 strains were coded as, F5-
w1, F5-w2, F6-y, F3-w, F4-w, F3-w-rd, F6-w, F5-p,
F5-br, F1-w-rd, F1-w-br, F2-lw, F6-p, F4-w and F5-y.

IAA extraction and quantification

Bacterial culture filtrates (BCF) of all 15 strains were
screened for the presence of IAA using Salkowski
reagent (Table 2) (Benizri et al, 1998). Bacterial
samples of all 15 strains were inoculated in 50 ml of
broth medium. After overnight incubation in the
dark, samples were centrifuged in appendorfs at
10000 rpm for 5 minutes. 1 ml of BCF was mixed with

2 ml of Salkowski reagent and kept in the dark at

Table 1. Concentrations of IAA to make standard curve.
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room temperature for 30 minutes. After 30 minutes
the pink color developed was checked for the
determination of IAA using PerkinElmer Lambda 25

spectrophotometer.

Calibration curve for IAA

Different IAA ratios were made to obtain a standard
curve. These different ratios of IAA were given in
Table 1. These different ratios of IAA were then used
to determine the amount of IAA present in the culture
filtrates of bacterial strains. This procedure was

repeated three times.

Calibration curve for flavonoids

Different flavonoid ratios were made to obtain a
standard curve. These different ratios of flavonoid are
given in Table 2. These different ratios of flavonoid
were then used to determine the amount of flavonoid
present in the culture filtrates of bacterial strains. The

procedure was repeated three times.

Results

IAA standard curve

10 different concentrations of pure IAA were made
starting from 10 pg/mL to 100 pg/mL. Their optical
density was measured with Perkin Elmer Lambda 25
Standard curve of IAA
wasstraight with R2 = 0.970196.

spectrophotometer.

S.NO. Concentrations (ug/mL) Optical density (OD)
1 10 0.4091
2 20 0.6119
3 30 0.9994
4 40 1.06
5 50 1.36
6 60 1.57
7 70 1.62
8 8o 1.8
9 90 1.95
10 100 2.03
Table 2. Salkowski reagent for colorimetric assay of IAA
S.NO. Solution Components Quantity
1 A:0.5M Ferric chloride FeCl, 0.8125 (10ml* W/V)
2 B: 35% Perchloric Acid HClO, 50 (1ooml*V/V)

1 ml of solution A was mixed with 50 ml of solution B to prepare Salkowski (Benizri et al., 1998).
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Flavonoids standard curve optical density was measured with PerkinElmer
5 different concentrations of pure flavonoid were Lambda 25 spectrophotometer. Standard curve of
made starting from 0.1 pg/mL to 1000 ng/mL. Their flavonoid was straight with R2 = 0.99.

Table 3. Concentrations of flavonoid to make standard curve.

S. NO. Concentrations (ng/mL) Optical density (OD)
1 0.1 0.00012
2 1 0.00109
3 10 0.01301
4 100 0.13201
5 1000 1.42011

Table 4. Optical density of bacterial culture filtrates for the determination and quantification of IAA

S. NO. Sample ID Optical density TAA (ug/mL)
1 F5-wl 0. 1112 4.83
2 F5-w2 0.1325 5.76
3 F6-y 0.0946 4.11
4 F3-w 0.1179 5.12
5 F4-w 0.1189 5.16
6 F3-w-rd 0.1509 6.56
7 F6-w 0.0662 2.87
8 F5-p 0.0298 1.29
9 F5-br 0.2786 12.11
10 F1-w-rd 0.2773 12.05
11 F1-w-br 0.0504 2.19
12 Fa-lw 0.7028 30.55
13 F6-p 0.0549 2.38
14 F4-w 0.0755 3.28
15 F5-y 0.1038 4.51
16 Blank -0.0300 -1.30

Table 5. Optical density of bacterial culture filtrates for the determination and quantification of flavonoids

Sample No Sample ID Optical Density Flavonoids (ng/mL)
F5-wi1 0.3297 235.5
2 F5-w2 0.3708 264.85
3 F6-y 0.3533 252.35
4 F3-w 0.0437 31.21
5 Fq4-w 0.0625 44.64
6 F3-w-rd 0.2173 155.21
7 F6-w 0.1734 123.85
8 F5-p 0.1958 139.85
9 F5-br 1.0779 769.92
10 F1-w-rd 1.1000 785.71
11 F1-w-br 0.1425 101.78
12 Fo-lw 1.1564 826
13 F6-p 1.0168 726.28
14 F4-w 1.3977 998.35
15 F5-y 0.0053 3.78
16 Blank 0.0053 3.78
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Discussion

Rhizobium, a legume symbiont, is the most worked
out example of signal exchange between host plant
and bacteria. Flavonoids, exuded by plant roots, are
known to act as signalling compounds which induce
transcription of nodulation genes (Nod genes)
necessary for infection, which attract bacteria

chemotactically as well as enhance bacterial growth

rate, while bacteria release Nod factors, which help in
nodule formation in legume plants (Brencic and
Winans, 2005; Gray and Smith, 2005). In most of the
studies carried out on rhizosphere, root exudates
were analyzed for the secretion of secondary
metabolites but little is known about bacteria to be
also a valuable source of these important secondary

metabolites.
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Fig. 1. Indole acetic acid (IAA) standard curve
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Fig. 2. Indole acetic acid (IAA) concentration of different bacterial strains isolated from the rhizosphere of
Medicago sativa L. after incubation in L-agar medium for 24 hours at room temperature. Highest concentration

of TAA (30.55ug/mL) was found in strain F2-lw.
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In the present study 15 different bacterial strains were
isolated from the rhizosphere of Medicago sativa and
were tested for the secretion of IAA and flavonoids.
Majority of these strains were found to be IAA and
flavonoids producer. In terms of IAA quantification,

the most important strains were F2-lw (30.55ug/mL),

F5-br (12.11ug/mL), and F1-w-rd (12.05ug/mL) while
Fa-lw (826ng/mL), F5-br (769.92ng/mL), Fi-w-rd
(785.71ng/mL), F6-p (726.28ng/mL) and F4-w
(998.35ng/mL) were the most flavonoids secreting

strains of rhizospheric bacteria.
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Fig. 4. Flavonoids concentration of different bacterial strains isolated from the rhizosphere of Medicago sativa

L. after incubation in L-agar medium for 24 hours at room temperature. Highest concentration of flavonoids

(998.35ng/mL) was found in strain F4-w.

Conclusion

This study indicates the diversity of rhizospheric
bacteria and their secretion of some valuable
secondary metabolites which not only function as

growth promoting compounds (IAA) but also function

as signaling chemicals (flavonoids) for the plants as
well as other rhizospheric bacteria. Plant growth
promoting bacteria are suggested to be used in the
future as biofertlizers as it is an environment friendly

and cheap source as compared to artificial fertilizers.

24 | Ismail et al.



Int. J. Biosci.

References

Ahemad M, MS Khan. 2011. Effect of pesticides on
plant growth promoting traits of green gram-
Strain MRMS6.

symbiont, Bradyrhizobium sp.

Bulletin of Environmental Contamination and
Toxicology 86, 384—388.

http://dx.doi.org/10.1007/s00128-011-0231-1

Bais HP, Park SW, Weir TL, Callaway RM,
Vivanco JM. 2004. How plants communicate using
the underground information super highway. Trends
in Plant Science 9, 26—32.

http://dx.doi.org/10.1016/j.tplants.2003.11.008

Benizri E, Courtade A, Picard C, Guckert A.
1998. Role of maize root exudates in the production of
auxins by Pseudomonas fluorescenst M.3.1. Soil
Biology and Biochemistry 30, 1481-1484.
http://dx.doi.org/10.1016/S0038-0717(98)00006.6

Brencic A, Winans SC.2005. Detection of and

response to signals involved in host-microbe

interactions by plant-associated bacteria.
Microbiology and Molecular Biology Reviews 69,
155-194.

http://dx.doi.org/10.1128 /MMBR.69.1.155-194.2005

Dakora FD, Phillips DA. 2002. Root exudates as
mediators of mineral acquisition in low-nutrient
environments. Plant Soil 245, 35—47.
http://dx.doi.org/10.1023/A:1020809400075
Darrah PR. 1993.The rhizosphere and plant
nutrition: a quantitative approach. In Plant Nutrition:
From Genetic Engineering to Field Practice. Ed. N J
Barrow. 3—22 P. Kluwer, Dordrecht, The Netherlands.

Elsgaard L, Petersen SO, Debosz K. 2001 Effects
and risk assessment of linear alkylbenzene sulfonates
in agricultural soil. 1. Short-term effects on soil
microbiology.  Environmental

Chemistry 20(8), 1656—1663.

Toxicology and

http://dx.doi.org/10.1002/etc.5620200806

2017

Filip Z. 2002. International approach to assessing
soil quality by ecologically-related biological

parameters. Agriculture, Ecosystems and
Environment 88(2), 169—174.

http://dx.doi.org/10.1016/S0167-8809(01)002547

Firmin JL, Wilson KE, Rossen L, Johnston
AWB. 1986. Flavonoid activation of nodulation genes
in Rhizobium reversed by other compounds present
in plants. Nature 324, 90-92.
http://dx.doi.org/10.1038/324090a0

Giller KE, Witter E, McGrath SP. 1998. Toxicity
of heavy metals to microorganisms and microbial
processes in agricultural soils. Soil Biology and
Biochemistry 30(10-11), 1389—-1414.
http://dx.doi.org/10.1016/S0038-0717(97)002708

Gray EJ, Smith DL. 2005. Intracellular and
extracellular PGPR: Commonalities and distinctions
in the plant-bacterium signaling process. Soil Biology
and Biochemistry 37,395—412.
http://dx.doi.org/10.1016/j.s0ilbio.2004.08.03.0

Hartmann A, Rothballer M, Schmid M,
Hiltner L. 2008. a pioneer in rhizosphere microbial
ecology and soil bacteriology research. Plant Soil 312,
7-14.

http://dx.doi.org/10.1007/s11104-007-9514-2

Hiltner L. 1904. Ueber neuere Erfahrungen und
Probleme auf dem Gebiete der Bodenbakteriologie
BerUcksichtigung  der
Grundungung und Brache. Arb. Deut. Landw. Gesell,
98, 59-78.

und unter besonderer

Horvath B, Bachem CWB, Schell J, Kondorosi
A. 1987. Host-specific regulation of nodulation genes
in Rhizobium is mediated by a plant-signal,
interacting with the nodD gene product. The EMBO
Journal 6, 841-848.

PMCID: PMC553473

Junk AO. 2002. Dynamics of nutrient movement at
the soil-root interface. In Plant Roots — the Hidden
Half. Eds. Y Waisel, A Eshel and U Kafkafi. pp. 587—
616. Marcel Dekker, Inc New York.
http://dx.doi.org/10.1201/9780203909423.ch35

25 | Ismail et al.


http://dx.doi.org/10.1007/s00128-011-0231-1
http://dx.doi.org/10.1016/j.tplants.2003.11.008
http://dx.doi.org/10.1016/S0038-0717(98)00006.6
https://dx.doi.org/10.1128/MMBR.69.1.155-194.2005
http://dx.doi.org/10.1023/A:1020809400075
http://dx.doi.org/10.1002/etc.5620200806
http://www.sciencedirect.com/science/journal/01678809
http://www.sciencedirect.com/science/journal/01678809
http://dx.doi.org/10.1016/S0167-8809(01)002547
http://dx.doi.org/10.1038/324090a0
http://dx.doi.org/10.1016/S0038-0717(97)002708
http://dx.doi.org/10.1016/j.soilbio.2004.08.03.0
http://dx.doi.org/10.1007/s11104-007-9514-z
http://dx.doi.org/PMCID:PMC553473
http://dx.doi.org/10.1201/9780203909423.ch35

Int. J. Biosci.

Khan MS, Zaidi A, Wani PA. 2006. Role of
phosphate-solubilizing microorganisms in sustainable
agriculture — a review. Agronomy for Sustainable
Development 27, 20—43.
http://dx.doi.org/10.1051/agro:2006011

Khan MS, Zaidi A, Wani PA, Oves M. 2009. Role
of plant growth promoting rhizobacteria in the
remediation of metal contaminated soils.
Environmental Chemistry Letters 7, 1—19.

http://dx.doi.org/10.1007/s10311-008-0155-0

Kiely PD, Haynes JM, Higgins CH, Franks A,
Mark GL, Morrissey JP, O’Gara F.2006.
Exploiting new systems-based strategies to elucidate
plant-bacterial interactions in the rhizosphere.
Microbial Ecology 51, 257—266.
http://dx.doi.org/10.1007/500248-006-9019-y

Kosslak RM, Bookland R, Barbakei J, Paaren
HE, Appelbaum ER. 1987.

Bradyrhizobium japonicum common nodulation

Induction of

genes by Isoflavones isolated from Glycine max.
Proceedings of the National Academy of Sciences of
the USA, Biochemistry 82, 7428-7432.
http://dx.doi.org/10.1073/pnas.84.21.7428.

Newman EI, Editors Fitter AH, Atkinson D,
Read DJ, Usher MB. 1985. Book Ecological
interactions in soil: plants, microbes and animals 107-
121 P.

http://dx.doi.org/Record Number19851999297

Nye PH. 1984. On estimating the uptake of nutrients
solubilized near roots or other surfaces. European
Journal of Soil Science 35, 439—446.

http://dx.doi.org/10.1111/j.13652389.1984.tb00300.x

2017

Peters NK, Frost JW, Long SR. 1986. A plant
flavone, luteolin, induces expression of Rhizobium
meliloti nodulation genes. Science 233, 977-980.

http://dx.doi.org/10.1126//science.3738520

Redmond JW, Batley M, Djordjevic MA, Innes
RW, Kuempel PL, Rolfe BJ. 1986. Flavones
induce expression of nodulation genes in Rhizobium.
Nature 323, 632-635.
http://dx.doi.org/10.1038/323632a0.

Spaepen S, Vanderleyden J, Remans R. 2007.
Indole-3-acetic acid in microbial and microorganism-
plant signaling. FEMS Microbiology Reviews 31(4),
425-448.
https://doi.org/10.1111/j.1574-6976.2007.00072X

Spaink HP, Wijffelman CA, Pees E, Okker
RJH, Lugtenberg BJJ.1987 Rhizobium nodulation
gene nodD as a determinant of host specificity.
Nature 328, 337-340.
http://dx.doi.org/10.1038/328337a0

Van Loon LC, Bakker PAHM. 2003. Signaling in
rhizobacteria-plant interactions. In H. De Kroon & E.
J. W. Visser (Eds.), Root ecology (Ecological studies)
168, 297—330 P. Berlin, Heidelberg: Springer-Verlag.

Zant SAJ, Wijffelman CA, Spaink HP, AAN
Van Brussel, Okker RJH, Lugtenberg BJJ.
1987. Induction of the nodA promoter of the
Rhizobium leguminosarum Sym plasmid pRLIJT by
flavanones and flavones. Journal of Bacteriology 169,

198-204.

26 | Ismail et al.


http://link.springer.com/journal/13593
http://link.springer.com/journal/13593
http://dx.doi.org/10.1051/agro:2006011
http://dx.doi.org/10.1007/s10311-008-0155-0
http://dx.doi.org/10.1007/s00248-006-9019-y
http://dx.doi.org/10.1073/pnas.84.21.7428
http://dx.doi.org/Record%20Number19851999297
http://dx.doi.org/10.1111/j.13652389.1984.tb00300.x
http://dx.doi.org/10.1126/science.3738520
http://dx.doi.org/10.1038/323632a0
https://doi.org/10.1111/j.1574-6976.2007.00072x
http://dx.doi.org/10.1038/328337a0

