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In previous studies on the biological suppression of
fungal diseases of rice with plant-associated rhizo-
sphere bacteria we had reported that production of
antifungal antibiotic (afa) by the bacterium is the
major mechanism involved. In this study we report
that the induction of systemic resistance in rice by
strains of pseudomonads leads to suppression of sheath
blight. A molecular tracking system (lacZY gene) was
used to engineer strains of Pseudomonas fluorescens
7-14 and P. putida V14i. We used the lacZ expression
as tracking system to monitor the survival and
migration of the biocontrol agents. In spite of the
absence of bacteria on plant surfaces, the endophytic
bacteria present in the stem led to suppression of

rice sheath blight caused by Rhizoctonia solani up
to 18%.

THE application of beneficial pseudomonads as agents

for biological control of plant diseases in agriculture is
emerging as a potential alternative to the use of chemical
fungicides. Evidence for mechanisms of biological control
of pathogens cannot be exemplified by a single factor.
The known mechanisms include, competition, production
of antibiotics, siderophores, hydrogen cyanide, phyto-
hormones, enhancement of nutrient uptake by the plant,
extracellular enzymes, nitrogen fixation, enzyme synthe-
sis to regulate the level of plant ethylene, and other
substances'™.

Recent investigations on mechanisms of biological
control by plant growth-promoting rhizobacteria (PGPR)
suggest that these strains protected plants from various
pathogens by inducing a systemic resistance (ISR) in
plants”'¢, The evidence for involvement of pseudomonads
in ISR was observed when lipopolysaccharides extracted
from the outer membrane of P. fluorescens caused more
accumulation of phytoalexins, increased amount of sali-
cylic acid, phenolics and pathogenesis-related (PR) pro-
teins”'""'*""7, Fluorescent pseudomonads have the capacity
to exist inside plants endophytically in different host
plants'*'*% Previous research carried out also shows
that pseudomonads have the potential for the suppression
of rice diseases®*'™®. The objective of this study was
to assess whether the rhizosphere pseudomonads could
cause ISR to a fungal disease when applied as infiltration,
and to monitor the migration and survivability of
genetically engineered strains in the host plant.

Wild type strains of Pseudomonas putida V14i and
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P. fluorescens 7-14 used in this study were previously
isolated from the rice rhizosphere®®*. Escherichia coli
CE1 was obtained as a gift from R. Jefferson, CAMBIA,
Australia. The sheath blight pathogen Rhizoctonia solani
was isolated from infected rice tissues. LacZY gene
cassette was Inserted into the chromosome of recipients
(7-14, V14i) by a disarmed Tn-7 lacZY transposon
through triparental mating®. The genetically engineered
strains of 7-14gal and Vl14igal and their constitutive
expression of lacZY was stable over 50 generations and
were recovered in M9 agar which contains 1% lactose,
X-Gal  (5-bromo-4-chloro-3-indolyl-8-D-galactopyrano-
side) and antibiotics (100ug/m! of rifampicin [rif] and
ampicillin {amp] for 7-14gal strain and 100 ug/ml of
streptomycin [stp] and amp for V14igal strain).

Bacterial strains of 7-14gal and V14igal were grown
in M9 at 27°C for 24 h. E. coli CEl strain (negative
control) was grown in Lauria Bertani (LB) agar plates
at 37°C. These were harvested separately, washed twice
with sterile water by centrifugation at 5000 g for 10 min
and the cell suspension was adjusted to 0.1 OD at
600 nm to obtain 10° cfu/ml. Twenty-day-old rice seed-
lings (cv. IR50) were bacterized by infiltration with 1,2
and 5ul of bacterial cells with a microsyringe at ap-
proximately 2 cm above the soil surface. For E. coli
CEIl, only 2 ul was infiltrated about 2 mm into the stem.
In another set of experiment, plants were inoculated by
beading needles that were dipped in the bacterial sus-
pension and were slightly brushed into the stem following
the method reported earlier by Chen et al.'’. Plants that
received 2 ul of sterile water and also uninoculated
plants served as controls. The experiments were con-
ducted twice with three replications under greenhouse
conditions.

The bacteria were also passively introduced by seed
treatment, root-dip and foliar spray onto rice foliage
with a bacterial suspension (10°cfu/ml) in 1% car-
boxymethylcellulose (cmc). For seed treatment, bacteria

were applied to surface sterilized IR50 rice seeds and

were incubated overnight. Excess amount of fluid was
drained and it was observed that seeds had 10’ cfu/g.
The treated seeds were sown in pots containing sterile
soil. Root dipping was carried out on 21-day-old rice
seedlings that were uprooted, rinsed gently 1n sterile
water, and roots were dipped for 30 min in the respective
bacterial suspensions before transplanting into stertle
soil. When the bacterial suspension was applied also as
foliar spray on 15-day-old rice seedlings (IR5Q), the
treatment was made until minute droplets appeared on
both surfaces of the entire leaf. Rice scedlings that
received plain cmce solution as spray served as control,

The survival of bacteria was monitored by removing
2 cm sections of the rice stem (I cm above and tem
below the point of infiltration). To assess the movement
of bacteria from the point of iafiltranon, 2cm long
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‘igure 1. Survival of lacZY-marked bacterial strains after infiltration
nd needle brush application into the nce (cv. IR50) stem. (a), P.
wrida V14igal; (b), P. fluorescens 7-14gal.
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gure 2. Suppression of rice sheath blight caused by Rhizoctonia
lani in plants by plant associated Pseudomonas strains of bacteria
the induction of systemic resistance. Disease incidence in R. solani
‘ected controls is assigned a value of 100%.
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section was also sampled (1.5-3.5 cm (I stage] and 46
crn [II stage]) above the point of infiltration. The samples
were welghed, rinsed for Smin In running tap water
and then were soaked for 2 min in 2% sodium hypo-
chiorite solution. Subsequently, they were washed thrice
in sterile water and were triturated in 1 mil of Q.01 M
phosphate buffer (pH 7.1). Plants were sampled at 1,
4, 10, 17, 24, 31 and 38 days after the bacterial
infiltration. Endophytic presence of bacteria was assessed
in 1 g of rice roots removed from 10 and 15-day-old
seedlings that received seed treatment or root-dip treat-
ment or from 1 g of leaf sample in the case of foliar
spray (5 and 10 days after bacterization) treatment.
Appropriate serial diletions of the triturated samples
were plated on to triplicate agar plates of KB (King's
B) with X-Gal with or without cycloheximide (40 pg/ml)
for 7-14gal and Vl14igal strains. Samples that received
E. coli CE1 strain were plated on LB agar with X-(al
and samples of untreated checks were plated on KB/LB
agar plates. After 43 h of incubation, the blue coloured
bacterial colonies were counted (7-14gal and V14igal
were also observed under UV lamp at 365 nm for their
fluorescent character) and their cfu/g of tissue was
determined. '

A field experiment for the systemic suppression of
rice sheath blight (ShB) was conducted by planting
surface sterilized rice (IRS0) seeds in a randomized
complete block design. Rice seedlings of 20-22-day-old
were infiltrated with 2 il and 5l of 10° cfu/ml of 24 h
grown wild type 7-14, V14i and CEl strains, Control
plants received plain sterile water or did not receive
any treatment (untreated checks). One day after the
bacterial treatment, the plants were inoculated with R.
solani. Inoculum of R. solani has been described pre-
viously?® and was applied at the rate of half a teaspoon
per hill close to the sheath portion of the rice plants.
ShB severity rating was recorded on the 10th day after
R. solani inoculation from randomly selected 10 rice
plants per plot (0.5x0.5 m)/treatment. From these
assessments, per cent disease incidence and per cent
disease control were determined by statistical analysis.

The data on the survival of the two marked strains
of P. putida V14igal and P. fluorescens 7-14gal are
presented in Figure 1, b. These data show that bacteria
survived up to day 38 when 2yl or 5 pl aliquots were
infiltrated. Whereas bacteria applied in a needle brush
did not survive beyond 24 days (V1digal) or 31 days
(7-14gal) after the treatment. The E. coli CEl was
detected up to 10 days after infiltration or needle brush
treatment. In water treatment or nontreated control tissues,
blue-coloured colonies did not develop.

Upward migration of the marked strains of V1d4igal
and 7-14gal occurred up to 6 cm (stage 11) away from
the point of infiltration in the rice sheath or stem (Table
1). Beyond this point the stem and the leaves did not
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Figure 3. Reduction of sheath blight in IR50 rice plants due to the induction of systemic resistance by
Pseudomonas putida strain. Right: Plants infiltrated with 5l of PpV14d strain; Left: Nontreated control
plants infected with R. solani.

Table 1. Migration of Pseudomonas putida V14igal, P. fluorescens 7-14gal and Escherichia
coli CE1l in the rice stem

Aliquot of Mean log cfu/g of stem tissue¢ recovered after (days)

Bacterial inoculation used Sampling —- :
strain gny. stage I 4 10 17 24
V14igal ] I 4.9 3.89 3.11 ND* ND
i I 4.71 3.67 2.38 ND ND

2 I 4.95 4.08 3.45 1.94 ND

2 II 4.79 3.69 2.57 ND ND

5 I 498 4.58 4.08 1.36 ND

5 11 4 86 3.99 3.11 1.04 ND

NB*¢ ] 3.94 3.23 1.68 ND ND

NB II 2.94 1.72 ND ND ND

7-14gal ] ] 4.88 3.73 2.91 ND ND
| | 471 3.51 1.95 ND ND

2 1 4.96 3.74 3 1.43 ND

2 1 4.78 3.59 2.46 ND ND

5 ] 5.08 4.58 3.43 2952 2.54

5 11 4.86 3.99 2,18 ND ND

NB | 3.96 3.32 ND ND ND

NB 11 3.04 1.85 ND ND ND

CEl 2 | 3.96 3.15 1.66 ND ND
2 | 2.99 1.11 ND ND ND

NB l 1.83 ND ND ND ND

NB 1 ND ND ND ND ND

M

“Fach figure is a mean of 3 replications,

"Not detected.
“Needle brush application.

CURRENT SCIENCE, VOL.. 72, NO. 5, I0 MARCH 1997



RESEARCH COMMUNICATIONS

el

7. Kluepfel, D. A, Kline, E. L., Skipper, H. D. et al., Phytopathology,

; arked strains. However, below
have the cells of the m or 81, 248 352,

the point of infiltration these bacteria w:ere detected at 8. De Leij, E. A. A. M., Sutton, €. 1. Whipps, 3. M., Fenion. J. $.

57 cfu/g tissue (VI4igal) and 39 clu/g ussue (7-14gal) and Lynch, J. M., Appl. Environ. Microbiol., 1995, 61, 34433453,

from day 10 after infiltration. 9. van Peer, R., Neimann, G. J, and Schippers, B., Phytopathology,
From the results there is no indication for the endo- 1991, 81, 728-734.

phytic presence of the marked strains of bacteria in 10. Wei, G., Klopper, J. W. and Tuzun, S., Phytopathology, 1991,

. : . 81, 1508-1512.
; cteria-treated *
roots of seedlings that were raised from ba 11. Maurhofer, M., Hase, C., Meuwly, P., Metraux, J. P. and Defago,

seeds. There was also no endophytic presence of bacteria G., Phytopathology, 1994, 84, 139-146.
in leaf sample of rice secdlings that received foliar 12. Raajjmakers, J. M., Sluis, 1. V. D., Hout, M. V. D. Bakker,
sprays of V14igal and 7-14gal. Bacteria applied as a I’-l’. A. II—L M. and Schippers, B., Soil Biol. Biochem., 1995, 27,
. : ' i 473-1478.

root-dip were detected at 23 cfu/g root in Vldigal treat- Liu, L., Kloepper, J. W. and Tuzum, S., Phytopathology, 1995,
merft. _ , 85, 1064-10068.

Figure 2 shows that Pseudomonas strains (V141 and |4 {eeman M., Van Pelt, J. A, Den Ouden, F. M., Heinsbroek, M.,
7-14) prescnt in the rice stem reduced the sheath blight Bakker, P. A. H., M. and Schippers, B., Phytopathology, 1995,
incidence by 18 and 15% in comparison with infected 85, 1021-1027.

control, which is taken as 100% infection. Yet these 15. van Peer, R. and Schippers, B., Neth. J. Plant Pathol., 1992, 98,

. 129-139,
the sheath
bacteria were not present on the surface of 16. Malamy, J., Carr, J. P., Klessig, D. F. and Raskin, [., Science,

or pseudostem. ‘In spite of the: abs?nce of bacteria on 1990, 250, 10021004,

surface of the rice plant there is evidence for pathogen |7, Zdor, R. E. and Anderson, A. I, Planr Soil, 1992, 140, 99-107.
suppression by bacteria (Figure 3). This is most likely 18. Chen, C., Bauske, E. M., Musson, G., Kabana, R. R. and Kloepper,
due to the induced systemic resistance triggered by the 1. W., Biol. Control., 1995, 3, 83-D1.

. .. : - 19. Brooks, D. S., Gonzalez, C. F., Appel, D. N. and Filer, T. H,,
e rice stem. The
endophytic bacteria introduced into th Biol. Control. 1994, 4. 373-381.

results indicate that there is 2 minimal reduction of ShB 20. van Peer, R., Punte, H. L. M., de Weger, L. A. and Schippers,

even with E. coli CEl or by water infiltration. This B., Appl. Environ. Microbiol., 1990, 56, 2462-2470.
might be due to the response of plants to lipopolysac-  21. Gnanamanickam, S. S. and Mew, T. W., Ann. Phytopath. Soc.
charides or other defence-inducing signal factors. This Japan, 1992, 58, 380-383.

. : : . : 22. Sakthivel, N. and Gnanamanickam, S. S., Appl. Environ. Microbiol.,
uction induced systemic ' '
is the first report on the induction of y 1987. 53, 20562059,

resistance (ISR) in rice by the rhizosphere-bacteria. Qur 23, Gnanamanickam. S. S.. Candole, B, L. and Mew, T. W., Plant

future studies will be directed to analysing the nature Soil. 1992, 144, 67-75.
of the defence substances (phytoalexins, salicylic acid  24. Thara, K. V. and Gnanamanickam, S. 8., Plant Soil, 1994, 160,
or other PR proteins) involved in the induced systemic 277-280.

resjstance 1n rice 25. Barry, G. F., Gene, 1988, 71, 75-84.

o ACKNOWLEDGEMENTS. We thank Prof. A. Mahadevan, Director,

1. Elad, Y. and Chet, 1., Phytopathology, 1987, 77, 190-195. CAS in Botany, University of Madras for providing research facilities.
2. Keel, C., Schnider, U., Maurhofer, M. et al., Mol. Plant-Microbe We also thank the Director, Centre for Water Resources of Anna
Inter., 1992, 5, 4-13. University for providing field space. Drs Jan E. Leach and S. Muthuk-
3. Rosales, A. M., Thomashow, L., Cook, R. J. and Mew, T. W, rishnan of Kansas State University provided kind gifts of lacZY genes
Phytopathology, 1995, 85, 1028-1032. containing plasmids of PMON7181, PMON7117 and the helper plasmid
4. Lifshitz, R., Kloepper, J. W., Scher, F. M., Tipping, E. M. and PRK2013. We gratefully acknowledge 8. Mageswari for transformation
Lalibente, M., Appl. Environ. Microbiol., 1986, 51, 251-235. of marker genes into Pseudomonas putida V14i strain. This work was
5. Chatterjee, A., Valasubramanian, R., Ma, W.-L,, Vachhani, A. K, supported by a research grant from the Rockefeller Foundation awarded
Gnanamanickam, S. and Chﬂtiﬂfjﬂe, A, K., Biol. Control,, 1806, to Dr Gnanamanickam.
7, 185-195.
6. Sitther, V. and Gnanamanickam, S. S., Curr. Sci, 1996, 71,
144-147. Received 8 October 1996; revised accepted 31 lanuary 1997

334 CURRENT SCIENCE, VOL. 72, NO. 5, 10 MARCH 1997



