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Abstract—Aseptic tomato and radish roots were found to exude, respectively, 2.8-5.3 and 290-390 ng tryp-
tophan per seedling per day. The inoculation of radish plants with rhizosphere pseudomonads increased the root
biomass by 1.4 times. The inoculation of tomato plants with the same pseudomonads was ineffective. The benefi-
cial effect of bacterial inoculation on the radish plants can be explained by the fact that the introduced rhizobacteria
produce the plant growth—stimulating hormone indole-3-acetic acid. In pot experiments, the addition of this phy-
tohormone to the soil increased the mass of radish roots by 36%. The phytohormonal action of the rhizosphere
microflora was found to be efficient provided that the concentration of tryptophan in the rhizosphere is sufficiently

high.
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The root system of higher plants is associated with
rhizosphere bacteria, some of which can synthesize
plant growth—promoting substances, known as phyto-
hormones [1]. The synthesis of phytohormones by
rhizosphere bacteria often depends on the presence of
phytohormone precursors in the root exudates of plants.
Symbiotic rhizobacteria depend extremely on the root
exometabolites of host plants. For this reason, the
application efficiency of bacterial preparations in agri-
culture considerably depends on the properties of both
symbionts, plant and microorganism.

The presence of L-tryptophan in the medium is a
necessary condition of the biosynthesis of indole-3-
acetic acid (IAA). When the production of IAA by soil
microorganisms is studied under laboratory conditions,
tryptophan is deliberately added to the medium [2].
Tryptophan is a metabolic precursor of IAA in almost
all soil bacteria [3, 4]. In the plant rhizosphere, the main
source of tryptophan is the root exudates of plants [5].
The effect of this amino acid on the phytostimulating
activity of rhizobacteria is as yet unknown.

The aim of this work was to study the phytostimu-
lating activity of rhizobacteria on plants whose root
exometabolites contain dissimilar amounts of tryp-
tophan.

MATERIALS AND METHODS

Experiments were carried out with the rhizobacteria
Pseudomonas chlororaphis SPB1217, Pseudomonas
fluorescens  SPB2137, Pseudomonas corrugata
SPB2142 and SPB2184, Pseudomonas sp. SPB4087,
and Curtobacterium sp. SPB3062 [6]. The rhizobacte-

ria were isolated from soil by the method of active
selection for their high response to the root exudates of
plants. The plant objects for study were the tomato
Lycopersicon esculentum Mill cultivars Karmello and
Aromato and the common radish Raphanus sativus L.
cultivars Saksa Nova and Teplichnyi.

Experiments on root exometabolites were carried
out as follows: Tomato and radish seeds were sterilized
with a 5% solution of sodium hypochlorite and washed
many times with sterile water. The seedlings were cul-
tivated in petri dishes with wet filter paper at 27°C for
4 days. Root exudates were extracted from the filter
paper with distilled water. The extracts were evaporated
in a vacuum at 45°C, and the dry residues were dis-
solved in 0.5 ml of water. The concentrations of tryp-
tophan in the resulting solutions and of IAA in the cul-
ture liquids of rhizobacteria were determined by HPLC
with a LiChrosorb RP-18 reversed-phase column,
which was eluted with a solution containing 13.7% ace-
tonitrile and 0.22% acetic acid in water [5].

The effect of rhizobacteria on plant growth was
studied in a gnotobiotic system described by Simons
et al. [7]. Sterile quartz sand in a glass flask was moist-
ened with a plant nutrient solution (PNS) containing
5 mM KNO;, 5 mM Ca(NO3),, 2 mM MgSO,, 1 mM
KH,PO,, and microelements. The solution was added
in a relative amount of 10% (v/w). A cell suspension for
seed bacterization was prepared by using 12-h-old
cells, which were grown in LC medium [8] on a shaker
and washed with PNS. Seeds were soaked for 15 min in
a cell suspension with an optical density ODg,, = 0.1
(this corresponded to 108 cells/ml). Then the bacterized
seeds were aseptically placed in the quartz sand to a
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depth of 5 mm. The seedlings were cultivated in a phy-
totron with 16-h illumination periods at 10000 Ix. Cul-
tivation lasted either 7 or 11 days.

Micropot experiments were carried out by using
plastic pots with 100 g of a soil-quartz sand mixture
(3 : 1). Plants were cultivated for 14 days in a green-
house with an air humidity of 70% and 16-h illumina-
tion periods at 15000 Ix. Seeds were bacterized by
soaking in a mixture (1 : 1) of a cell suspension and 2%
methylcellulose. The suspension of 12-h-old cells had
an optical density ODg,, = 0.7 (this corresponded to
10° cells/ml). The bacterized seeds were dried in a flow
of sterile air [9]. The dry weight of plant biomass was
determined by weighing the biomass dried at 105°C.

The effect of exogenous IAA on radish plants was
studied by adding IA A to the pot soil to a final concen-
tration of 10~7 M (the control pots did not contain TAA).
In these experiments, radish plants were grown from
nonbacterized seeds. The wet biomass of radish plants
was assessed after 10 days of growth.

RESULTS AND DISCUSSION

To choose plants with contrasting levels of tryp-
tophan in their root exudates, we studied several tomato
and radish cultivars (these studies were carried out in
the gnotobiotic system). The concentration of tryp-
tophan in the root exudates of different plants differed
by 55 to 140 times when calculated per seedling and by
20 to 37 times when calculated per milligram of seeds
(Table 1). Radish roots exuded several times more tryp-
tophan than did tomato roots. It can be suggested that
the high concentration of tryptophan in the radish
rhizosphere may increase the synthesis of IAA by
rhizosphere bacteria and stimulate the development of
the root system (including edible parts) of radish plants.

Further experiments were carried out with the radish
Saksa Nova and the tomato Karmello cultivars. The
data presented in Table 2 show that the introduced
rhizobacteria P. chlororaphis SPB1217, P. fluorescens
SPB2137, P. corrugata SPB2184, and Curtobacterium
sp. SPB3062 increased the mass of radish roots by
approximately 1.4 times, whereas the increase in the
mass of the overground parts of radish plants was sta-
tistically insignificant. The different plant growth—stim-
ulating effects of the rhizobacteria under study can be
explained by their different root-colonizing abilities, as
is evident from the observed correlation between the
root-colonizing activities of P. chlororaphis SPB1217,
P. fluorescens SPB2137, and P. corrugata SPB2184 [6]
and their promoting effects on the mass of radish roots.

As for tomato plants, their inoculation with the
rhizobacteria produced no growth-stimulating effect
(the small increase in the mass of tomato roots and
overground parts in response to inoculation with P. flu-
orescens SPB2137 and Curtobacterium sp. SPB3062
was statistically insignificant) (Table 2), although the
efficiencies of the colonization of radish and tomato
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Table 1. The amount of tryptophan in the root exudates of
tomato and radish seedlings

Mass of Amount of tryptophan
Plant one seed, exuded per day
mg ng/seedling | ng/mg seeds
Tomato cultivars:
Karmello 3.3 5.3+0.7 1.6£0.3
Aromato 32 2.8+04 | 0.87%£0.10
Radish cultivars:
Saksa Nova 9.1 293 £35 322148
Teplichnyi 14.1 390 £ 42 277139

Note: The data are the means * standard deviations of five repli-
cated experiments.

Table 2. The effect of introduced rhizobacteria on the growth
parameters of 6-day-old radish plants and 11-day-old tomato
plants grown in sand under gnotobiotic conditions

Root mass. me dr Mass of overground
/10 1 % y parts, mg dry wt/10
Rhizobacterial w plants plants
strain

Radish | Tomato | Radish | Tomato

cultivars | cultivars | cultivars | cultivars
Control (without| 28.8 12.0 102.0 24.5
bacterization)
SPB1217 40.7 11.2 110.5 23.5
SPB2137 39.1 12.9 100.1 22.4
SPB2142 33.5 11.6 100.8 24.5
SPB2184 42.1 12.1 103.0 25.7
SPB3062 40.5 12.9 94.1 23.9
SPB4087 27.8 8.8 98.2 20.3
LSDg o5 29 1.4 6.1 2.6

Note: The data are the means of three replicated experiments. LSD
is the least significant difference.

plants by the rhizobacteria under study are approxi-
mately the same [6].

Further pot experiments (Table 3) showed that inoc-
ulation with the rhizobacteria caused a statistically sig-
nificant increase not only in the root biomass but, as
opposed to the gnotobiotic experiments described
above, in the biomass of the overground parts of 14-
day-old radish plants as well. For instance, the inocula-
tion with P. corrugata SPB2184 and Curtobacterium
sp. SPB3062 increased the mass of radish roots and
their edible parts by 1.4-1.5 times.

The observed stimulation of the growth of the radish
plants can be explained by the production of the plant
growth—stimulating phytohormone IAA by the intro-
duced rhizobacteria. Indeed, the addition of L-tryp-
tophan to the medium at a concentration of 50 uM
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Table 3. The effect of introduced rhizobacteria on the growth parameters of radish plants grown in pots for 14 days

Dry biomass, mg/plant
Rhizobacterial strain
Roots, Overground parts,
Roots % of the control Overground parts % of the control
Control (without bacterization) 458 +£0.43 100.0 48.26 £5.43 100.0
SPB2184 6.28 £0.70 137.1 64.79 £ 8.54 134.2
SPB3062 7.03£0.82 153.5 69.81 £ 6.02 144.6

Note: The data are the means of three replicated experiments.

Table 4. The effect of IAA added to the soil on the growth parameters of radish cultivar Saksa Nova plants

Wet biomass, mg/plant

Experimental variant

Green mass Green mass, Overoround parts Overground parts,
% of the control g p % of the control
Control (without bacterization) 390 + 36 100.0 38.2t4.1 100.0
TAA 368 =29 94.3 52.5+4.8 136.7

Note: The data are the means of three replicated experiments.

induced the synthesis of IAA by the rhizobacteria at a
level of 1.3-5.1 uM, which considerably exceeds the
biologically active dose of IAA (0.1 uM) [2].

This hypothesis was substantiated by the results of
the experiment with the addition of IAA to the pot soil
(Table 4). As is evident from this table, IAA increased
the root mass by 36%, leaving the green biomass
unchanged.

To conclude, the root exometabolite tryptophan can
regulate the synthesis of auxins in soil microflora,
including introduced rhizobacteria. The rhizosphere
microflora possesses plant growth—promoting activity
when the concentration of tryptophan in the rhizo-
sphere is sufficiently high.

ACKNOWLEDGMENTS

This work was supported by grant no. 01-04-49 640
from the Russian Foundation for Basic Research and by
award no. ST-012-0 from the U.S. Civilian Research &
Development Foundation (CRDF) for the Independent
States of the Former Soviet Union.

REFERENCES

1. Frankenberger, W.T. and Arshad, M., Phytohormones in
Soil: Microbial Production and Function, New York:
Marcel Dekker, 1995.

2. Gamburg, K.Z., Biokhimiya auksina i ego deistvie na
kletki rastenii (Biochemistry of Auxin and Its Action on
Plant Cells), Novosibirsk: Nauka, 1976.

3. Fallik, E., Sarig, S., and Okon, Y., Morphology and
Physiology of Plant Roots Associated with Azospirillum,
Okon, Y., Ed., London: CRC, 1994, pp. 77-86.

4. Sarwar, M., Arshad, M., Martens, A., and Franken-
berger, W.T., Tryptophan-Depended Biosynthesis of
Auxin in Soil, Plant Soil, 1992, vol. 147, pp. 207-215.

5. Kravchenko, L.V. and Leonova, E.I., The Use of the
Root Exometabolite Tryptophan by Plant-associated
Bacteria for the Biosynthesis of Indole-3-Acetic Acid,
Mikrobiologiya, 1993, vol. 62, no. 3, pp. 453—459.

6. Kravchenko, L.V., Makarova, N.M., Azarova, T.S., Pro-
vorov, N.A., and Tikhonovich, I.A., Isolation and Pheno-
typic Characterization of Plant Growth—promoting
Rhizobacteria with High Antiphytopathogenic Activity
and Root-colonizing Ability, Mikrobiologiya, 2002,
vol. 71, no. 4, pp. 521-525.

7. Simons, M., van der Bij, A.J., Brand, J., et al., Gnotobi-
otic System for Studying Rhizosphere Colonization by
Plant Growth—-Promoting Pseudomonas Bacteria, Mol.
Plant—Microbe Interact., 1996, vol. 9, pp. 600-607.

8. Sambrook, J., Fritsch, E.F., and Maniatis, T., Molecular
Cloning: A Laboratory Manual, 2nd ed., Cold Spring
Harbor: Cold Spring Harbor Lab., 1989.

9. Leeman, M., van Pelt, J.A., Hendrickx, M.J., Sheffer, R.J.,
Bakker, PA.HM., and Shippers, B., Biocontrol of
Fusarium Wilt of Radish in Commercial Greenhouse

Trials by Seed Treatment with Pseudomonas fluorescens
WCS374, Phytopathology, 1995, vol. 85, pp. 1301-1305.

MICROBIOLOGY  Vol. 73 No. 2 2004



