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ABSTRACT

The bioinoculation effect of different formulations of Pseudomonas and Paenibacillus viz., control, single
strains inoculation (wild), single strains inoculation (acd mutant), coinoculation of wild strains,
coinoculation of acd deficient mutant strains, coaggregates of acd positive strains, coaggregates of acd
deficient mutant strains and challenge inoculation of Pyricularia oryzae on the enhancement of ISR
mediated bio control in upland rice cv.ASD-19 under in-vitro condition. It was observed that the
application effect of PGPR cells, as coaggregates containing acd positive, wild strains of Pseudomonas
and Paenibacillus, together with challenge inoculation of Pyricularia oryzae positively altered the
biochemical constituents viz., increasing total phenol content, reduction in reducing sugar and non
reducing sugar level and increased starch content of the host plant. Moreover, the application of the same
also augmented the defense enzyme activities viz., peroxidase (PO) and polyphenol oxidase (PPO) of the
host plant to a maximum level when compared to the application other formulations of PGPR cells and
suggesting the induction of systemic resistance in the host plant against the phytopathogen of Pyricularia
oryzae.

The results of the present study clearly envisaged the augmenting role of acd positive wild application of
PGPR application, as coaggregates on the induction of systemic resistance against Pyricularia oryzae
when compared to other formulation tested.
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INTRODUCTION

Rice (Oryza sativa .L), as a cereal grain, is widely consumed as staple food for large part of world’s
population, especially, in Asia as well as in Africa and Latin America. To feed the ever increasing
population of these regions, the world’s annual rice production must be increased from present 560 to 750
million tonnes by 2020 (IRRI, 1993). The future increase in rice production has to come from the same or
even reduced land area. Hence, the productivity yield of rice (per ha) must be greatly enhanced by
providing additional nutrient inputs and through effective control of phytopathogens. Blast disease of rice
caused by Pyricularia oryzae Cav. is one of the most destructive fungal disease of rice, causing an yield
loss upto 90 per cent and has an ubiquitous occurrence in almost all the rice growing countries (Mehrotra,
1980).

Now-a-days, upland rice production management strategies mainly focus on the enormous use of
synthetic chemical fertilizers and pesticides at high rates to enhance the per hectare yield of the same. The
persistent, injudicious use of these chemicals has toxic effects on non-target microorganisms of the soil
and can cause undesirable changes in the environment, also. In this context, the use of plant growth
promoting rhizo bacteria (PGPR), as a biological approach, might be an alternative strategy to overcome
the biological and environmental hazards posed by the persistent use of synthetic chemicals (Hussain and
Sabari, 1980).
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Rhizosphere bacteria that favourably affect the plant growth and yield of commercially important crops
are denominated as “plant growth promoting rhizo bacteria” (PGPR) (Kloepper et al., 1980). Several
mechanisms of plant-microbe interaction may participate in the association and affect plant growth,
including, N-fixation, hormonal interaction, improvement in root growth, solubilisation of nutrients,
alleviation of salinity and bio control against phytopathogens. Thus, the PGPR affect the plant growth
directly by producing and secreting plant growth promoting substances or eliciting root metabolic
activities by supplying biologically fixed nitrogen and indirectly by acting against phytopathogenic
microorganisms (Kloepper, 1993). The well known PGPR include genera, namely, Azospirillum,
Azotobacter, Pseudomonas, Bacillus, Azoarcus, Klebsiella, Arthrobacter, Enterobacter, Serratia and
Rhizobium on non-legumes (Burdman et al., 2000).

Pseudomonas and Paenibacillus are the two important PGPR genera that are frequently encountered from
the rhizosphere of upland rice (Guemouri-Athamani, 2000; Reddy et al., 2007; Prasanna Reddy et al.,
2010; Vonderwied et al., 2000). The PGPR characteristics of the genus Pseudomonas (Brandl et al.,
2001; Martinoz-viveros et al., 2010) and Paenibacillus (Gjing Kahug, 2001) have been frequently
reported. The use of the same, as bioinoculant, is also known to induce systemic resistance (ISR) in the
host plant against different phytopathogens and ultimately result in lesser disease incidence with higher
crop productivity.

ISR can be defined as a phenomenon by which plants exhibit increased level of resistance to
broad spectrum of phytopathogens by the prior activation of genetically programmed defense pathways
(van Loon et al., 2003). The host plant which is exposed to different biotic and abiotic agents exhibit an
induced defense activities against phytopathogens when the same is spatially separated from the inducer
agent (Pieterse and Van Loon, 1999). The potential role of PGPR, as biotic agent of ISR, has already been
reported (Mariano and Kloepper, 2000). The positive role of Pseudomonas and Paenibacillus, as biotic
agents, in augmenting the ISR of host plant has been reported by many authors (Pieterse et al., 1998;
Halfeld-Vieira et al., 2006; Saravanakumar and Samiyappan, 2007; Sziderics et al., 2007).

Interestingly, different bacterial strains of PGPR exhibited different signaling pathways for the
elicitation of ISR in host plants. Certain rhizobacteria possess an enzyme viz., ACC-deaminase (acd) that
hydrolyses ACC into ammonia and a-ketobutyrate (Mayak et al., 1999). PGPR strains containing ACC-
deaminase activity could suppress the accelerated endogenous ethylene synthesis and thus facilitate the
root elongation and nutrient absorption of host plant which resulted in improved growth and yield of crop
plants (Zafar-ul-Hye 2008). Moreover, Pieterse et al., (2000) suggested the positive role of bacterial ACC
(1-amimocyclopropane-1-carboxylate) deaminase enzyme in modulating the ethylene level at crop
rhizosphere and proposed the same as an elicitor for ISR in host plants. However, there were no earlier
reports available on the comparative performance of acd positive (wild) and acd deficient mutants of
Pseudomonas and Paenibacillus on the enhancement of ISR mediated biocontrol against Pyricularia
oryzae in upland rice.

Hence, the present study has been undertaken with an aim to exploit the comparative performance of acd
positive (wild) and acd deficient mutant strains of Pseudomonas and Paenibacillus on the enhancement of
ISR mediated biocontrol in Rice - Pyricularia oryzae pathosystem under upland condition.

MATERIALS AND METHODS

Pseudomonas fluorescens (PF-5) and Paenibacillus polymyxa (PP-5), obtained from the rhizosphere of
upland rice cv. ASD-19, grown at Periyapattu, Cuddalore district, Tamil Nadu state, India, were used for
the present study. The isolates were positive for the ACC deaminase (acd ) activity, maintained in King’s
B and nutrient glucose agar slants, respectively, at 30 + 2°C with monthly transfer. The ACC deaminase
(acd) deficient mutants of the isolates were constructed according to Miller (1972).

Preparation of Pseudomonas and Paenibacillus Coaggregates

The coaggregation of Pseudomonas and Paenibacillus isolates were prepared in Co-Ag buffer as
described by Grimaudo and Nesbitt (1997). One ml aliquot of each PGPR isolates viz., PF-5 and PP-5
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were mixed together in 10 ml Co-Ag buffer. The mixtures were vortexed for 10 s, shaken on a rotary
platform shaker for 3 min and left undisturbed at room temperature for 24 h. All Co-Ag reactions were
performed in triplicate and uninoculated buffer served as control.

Preparation of Different Bioformulations

One ml culture of each PGPR isolate ( 1x10" CFU/mL) under different formulations were prepared and
used to evaluate their effect on the alteration of physiological and biochemical constituents of rice cv.
ASD-19 with following treatments viz., control, Pseudomonas fluorescens wild (PF-5W), Pseudomonas
fluorescens (acd) mutant (PF-5M), Paenibacillus polymyxa wild (PP-5W), Paenibacillus polymyxa (acd)
mutant (PP-5M), co-inoculation of Pseudomonas fluorescens and Paenibacillus polymyxa wild (Co-1 PF-
5W + PP-5W), co-inoculation of Pseudomonas fluorescens and Paenibacillus polymyxa (acd) mutant
(Co-1 PF-5M + PP-5M), coaggregates of Pseudomonas fluorescens and Paenibacillus polymyxa wild (Co-
A PF-5W + PP-5W) and coaggregates of Pseudomonas fluorescens and Paenibacillus polymyxa (acd)
mutant (Co-A PF-5M + PP-5M)

Preparation of Growth Chamber

The growth chamber used for the study was a dessicator (12 x 10 cm) consisting of two parts. The lower
part was filled with Weaver’s medium (Weaver et al., 1975) whereas the upper part contained stainless
steel wire mesh (mesh size 3 mm) supports. The lid was placed over the cotton and the chamber was
closed before sterilization.

ASD-19 rice seeds were surface sterilized by immersion in 95 percent ethanol for 1 minute, followed by
20 min in 1 per cent NaOCI. After rinsing three times with sterile distilled water, the sterile seeds were
placed on the surface of one percent water agar in petriplates (9cm dia, at the rate of 5 seeds per plate).
Then, they were incubated in an inverted position for 3 days at room temperature to allow germination.
The plates were sealed with wax to avoid agar dryness during germination. Fifty germinated rice seeds
with coleoptiles (2 cm high) were transferred aseptically onto the stainless steel wire mesh, incubated for
10 d in the growth chamber with 14 h day and 10 h night cycle and at a temperature ranging from 24°C at
night to 30°C around noon. By this time, the rice roots yielded many lateral roots, well spread in the
Weaver’s medium maintained at the lower part of the growth chamber.

Challenge Inoculation of Rice Plant with Pyricularia Oryzae

Pyricularia oryzae AU-1 (provided by Department of Plant Pathology, Annamalai University) was
maintained in Potato Dextrose Agar (PDA) medium and used for the challenge inoculation purpose. Rice
plants cv.ASD-19 were challenge inoculated by spraying the Pyricularia oryzae spore suspension (50,000
spore/mL inoculum level) on 10™ DAS with an atomizer and the control plant was sprayed with sterile
Weaver’s medium. The spraying of spore suspension was done under proper humid condition.

After one week of challenge inoculation, three plants from each treatment were carefully removed and
rinsed with sterile distilled water. The blast disease incidence was enumerated with a score chart of 0 to 9
grades devised on Standard Evaluated System (SES) proposed by International Rice Research Institute
(1980).

Estimation of Bio-Chemical Constituents

Methods of sampling

Plant samples from each treatment were taken on 0, 7, 14 and 21 days after challenge inoculation of
Pyricularia oryzae for estimating the changes in the biochemical constituents viz., reducing sugars, non-
reducing sugars, starch, ortho-dihydroxy phenol (OD Phenol) and total phenol and defense enzymes
activities viz., peroxidase (PO) and polyphenol oxidase (PPO)

Preparation of Ethanol Extract

Plant samples were collected, pooled and 4 g of pooled samples were taken for extraction. They were
chopped and then extracted in boiling 80 per cent ethanol (Mahadevan and Sridhar, 1986) and the same
was used for the estimation of sugars and phenol and for defense enzyme activities.

Quantitative Estimation of Sugars
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Reducing sugar present in the extract was estimated according to Nelson (1944) method while the
estimation of non-reducing sugars was carried out according to InMan (1965).

Quantitative Estimation of Phenols

Total phenols present in the extract were estimated by employing Folin-ciocalteau reagent (Bray and
Thorpe, 1954). The OD phenol content was assayed according to Arnow’s reagent (Johnson and Schaal,
1957).

Enzyme Assay

One g of the leaf material was cut into small bits, crushed in chilled 0.1 M sodium phosphate buffer at pH
7.1 and the volume was made upto 5 ml with the same buffer, centrifuged at 2,100 rpm for 30 min and the
supernatant was used as the enzyme source for all the enzyme assays viz., polyphenol oxidase and
peroxidase. The activity of polyphenol oxidase was estimated by the method as described by Matta and
Dimond (1963) whereas the activity of Peroxidase was assayed according to Hampton (1968). The
enzyme activities in the sample were expressed in terms of unit/minute/mg of protein.

RESULTS AND DISCUSSION

The bioinoculation effect of different formulations of wild and acd deficient mutants of Pseudomonas and
Paenibacillus cells, namely, single strain inoculation of either wild or acd mutant of Pseudomonas or
Paenibacillus, co-inoculation of either wild or acd mutant of Pseudomonas and Paenibacillus and
coaggregates application of either wild or acd mutant of Pseudomonas and Paenibacillus, on ISR
mediated biocontrol against Pyricularia oryzae in upland rice cv. ASD-19 was studied under in-vitro
condition.

Table 1: Response of different formulations of Pseudomonas and Paenibacillus cells on blast
disease incidence in rice cv.ASD-19 under in vitro condition

Treatment ® Percentage of  disease

incidence
Control 90.8 +1.60
Pseudomonas fluorescens (Wild) 44.6 £0.85
Pseudomonas fluorescens (Mutant) 52.8 +0.62
Paenibacillus Polymyxa(Wild) 49.4 +0.37
Paenibacillus Polymyxa (Mutant) 59.8 +£0.24
Co-I- Pseudomonas fluorescens + Paenibacillus Polymyxa (Wild) 28.6 £ 0.56
Co-I- Pseudomonas fluorescens + Paenibacillus Polymyxa (Mutant) 38.8+0.11
Co-A- Pseudomonas fluorescens + Paenibacillus Polymyxa (Wild) 10.5 +0.10
Co-A- Pseudomonas fluorescens + Paenibacillus Polymyxa (Mutant) 19.9+0.43

a - at 1x10" CFU/mL inoculum level; b - Values are mean of three replications + SD
Co-I - Coinoculation; Co-A - Coaggregates

Among the different formulations of Pseudomonas and Paenibacillus cells, the application of
Pseudomonas and Paenibacillus wild cells, as coaggregates, reduced the blast disease incidence to the
highest level followed by the coaggregates containing acd deficient mutants of Pseudomonas and
Paenibacillus, coinoculation of wild strains, coinoculation of acd deficient mutant strains, single wild
strain inoculation, single acd deficient mutant strain inoculation and control (Table 1).

Moreover, the application of Pseudomonas and Paenibacillus wild strains, as coaggregates, positively
altered the biochemical constituent’s viz., reduction in reducing and non-reducing sugar level, increased
the starch content, total and OD phenol contents and also the defense enzyme activities viz., PO and PPO
in upland rice plant to a maximum level than other treatments (Fig. 1 to Fig. 7).

In the present study, the application of PGPR coaggregates containing ACC-deaminase positive wild
strains of Pseudomonas and Paenibacillus augmented the total and OD phenol content of rice plant to a
higher level when compared to control (without any bioinoculation) and the individual application of wild
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or acd deficient mutants of Pseudomonas or Paenibacillus during the challenge inoculation of Pyricularia
oryzae in rice plant. A positive correlation between the increased levels of total phenol and OD phenol
with host plant resistance has been proposed by Farkas and Kiraly (1962).
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Figure 1: Changes in reducing sugar content of ASD-19 rice as influenced by different formulations
of acd positive wild and acd deficient mutant strains of Pseudomonas fluorescens and Paenibacillus
Polymyxa during Pyricularia oryzae incitation
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Figure 2: Changes in non-reducing sugar content of ASD-19 rice as influenced by different
formulations of acd positive wild and acd deficient mutant strains of Pseudomonas fluorescens and
Paenibacillus Polymyxa during Pyricularia oryzae incitation
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Figure 3: Changes in starch content of ASD-19 rice as influenced by different formulations of acd
positive wild and acd deficient mutant strains of Pseudomonas fluorescens and Paenibacillus
Polymyxa during Pyricularia oryzae incitation
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Figure 4: Changes in total phenol content of ASD-19 rice as influenced by different formulations of
acd positive wild and acd deficient mutant strains of Pseudomonas fluorescens and Paenibacillus
Polymyxa during Pyricularia oryzae incitation
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Figure 5: Changes in OD phenol content of ASD-19 rice as influenced by different formulations of
acd positive wild and acd deficient mutant strains of Pseudomonas fluorescens and Paenibacillus
Polymyxa during Pyricularia oryzae incitation

The oxidation of phenols is mediated by the enzyme PPO and PO and the resulting quinines are effective
inhibitors of SH group of enzymes which may be inhibiting to the pathogen (Goodman et al., 1967).
Oxidation of phenols to oxidized products (quinine) play an important role in induced systemic resistance

(ISR) which limits the activities of fungal phytopathogens (Hassan et al., 2007; Shalaby et al., 2001).
The reduction in the soluble sugars may be due to higher polymerization of sugars into starch
(Chaboussou, 1972). It may be presumed that the reducing sugar levels may be inadequate for the
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colonization of the pathogen and the Post-infectional decrease in the sugar reserve of the host plant rice
has been recorded by several workers (Rao and Nayudu, 1979; Sridhar, 1970).
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Figure 6: Changes in peroxidase content of ASD-19 rice as influenced by different formulations of
acd positive wild and acd deficient mutant strains of Pseudomonas fluorescens and Paenibacillus
Polymyxa during Pyricularia oryzae incitation
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Figure 7: Changes in poly phenol oxidase content of ASD-19 rice as influenced by different
formulations of acd positive wild and acd deficient mutant strains of Pseudomonas fluorescens and
Paenibacillus Polymyxa during Pyricularia oryzae incitation

The accumulation of starch in ACC-deaminase positive PGPR coaggregates applied plants may also be
due to stimulated activity of starch synthetase (Penrose and Glick, 2001). Pieterse et al. (2000) reported
the positive role of ACC-deaminase containing rhizobacterial strains on the modulation of ethylene in
crop rhizosphere which leads to the induction of systemic resistance (ISR) in Arabidopsis thaliana.
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Similarly, the synergistic effect of PGPR strain mixtures on the bio control of phytopathogens has been
reported frequently (Pierson and Weller, 1994).

The results of present study clearly envisaged the positive effect of PGPR strains, containing ACC
deaminase positive wild strains of Pseudomonas and Paenibacillus, in augmenting the ISR mediated
biocontrol against Pyricularia oryzae in upland rice plant when compared to the PGPR strains, containing
acd deficient mutant strains of Pseudomonas and Paenibacillus.

Interestingly, the same effect was more pronounced during the application of Pseudomonas and
Paenibacillus strains, as coaggregates. However, the mechanism of acd positive wild strains of
Pseudomonas and Paenibacillus in augmenting ISR mediated biocontrol against Pyricularia oryzae is
unknown and needs further exploitation. This is the first comprehensive report regarding the
bioinoculation effect of acd positive PGPR strains viz., Pseudomonas and Paenibacillus, as coaggregates,
on the maximization of ISR mediated bio control against Pyricularia oryzae in upland rice.
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