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ABSTRA CT: Talc based formulations of two antagonistic bacteria viz., Pseudomonas putida 
(PDBCAB 19) and P. fluorescens (PDBCAB 2) were evaluated against natural incidences of wilt 
and wet root-rot of chickpea. Observations on rhizoclonia root-rot incidence indicated that 
the disease was prevalent up to 60 days of plant growth whereas fusarial wilt was observed 
from 60 days. At 30tb day. highest root-rot incidence (10.8%) was observed in pathogen control 
plots and minimum was in fungicide treated plots (3.1 %). P. jluorescens (PDBCAB 2) treated 
plots also exhibited low root-rot (4.4%). However, at day 60 lowest root-rot incidence (5%) was 
recorded in P. jluorescells (PDBCAB 2) treated plots and highest root-rot incidence (13.9%) was 
observed in pathogen control. Low root-rot incidence (5.8%) was also noticed in P. putida 
(PDBCAB 19) treated plots. Fusarium wilt was lowest (3.3%) in P. putida (PDBCAB 19) treated 
and highest (13.3 %) in control plots at day 90. Combination of both P. jluorescells (PDBCAB 2) 
and P. putida (PDBCAB 19) exhibited suppression of root-rot and wilt incidences by 5.8 and 7.5 
per cent, respectively. Highest plant stand and seed yield was observed in P. fluorescens 
(PDBCAB 2) treated plots. There were no significant differences in the shoot and root lengths 
among bioagent treatments, however, vigour index was highest in plots treated with a combi
nation of P. flllorescens (PDBCAB 2) and P. putida (PDBCAB 19). 
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Wilt caused by Fusarium oxysporum f. sp. 
cieeri and root-rot by Rhizoetonia solani Kuhn in 
chickpea is very serious. A rough estimate 
indicates that losses due to the wilt complex may 
be around 10 to 15 per cent each year. In severe 
epidemics, crop losses may go as high as 60-70 
per cent. Damage is up to 61 per cent at seedling 
stage and 43 per cent at flowering stage (Haware 
and Nene, 1980). 

The disease suppressing and beneficial 
effects of rhizosphere colonizing bacteria have 
been well studied (Ryder el al., 1994; 

Vidhyasekaran, 1998; Rangeshwaran and Prasad, 
2000a and 2000b). Seeking alternatives to the use 
of chemical fungicides is now the aim of any 
biocontrol strategy. Most of the biocontrol work 
using bacterial antagonists has been confined to 
lab or greenhouse studies (Vidhyasekaran, 1998). 
We had already established the beneficial effects 
of two rhizosphere bacteria viz., Pseudomonas 
jIuorescells (pDBCAB 2) and P. pulida (PD BCAB 
19), selected out of three hundred rhizosphere 
isolates (Rangeshwaran and Prasad, 2000a; 
2000b). The two antagonists were able to inhibit 
F. oxysporum f. sp. deer; and R. solan; in dual 
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culture and also under greenhouse conditions. 
They also exhibited moderate root colonozing and 
orowlh 11fomotino abilities (Rangeshwaran and 
b b 

Prasad. 2000b). 

To further evaluate the perfonnance of the 
two rhizosphere isolates, an experiment was 
conducted under field conditions to test the 
inhihitory potential of the antagonists against 
nalural incidences of wilt (Fusarium oxysporum) 
and root-rot (Rhizocfonia solani) in chickpea. 

MATERIALS AND METHODS 

Bacterial antagonists 

The two antagonistic rhizosphere bacteria 
viz.. Pseudomonas jluorescefls (PDBCAB 2) and 
P. plltida (PDBCAB 19) were selected from the 
culture collection of Project Directorate of 
Biological Control (PDBC), Bangalore. The two 
antagonists were chosen from three hundred 
rhizosphere isolates and their biocontrol ability has 
all'cady heen established against chickpea wilt 
pathogens (Rangeshwaran and Prasad, 2000b). 

Formulation 

Talc based formulations of selected 
antagonists were prepared as described by 
Vidhyasekeran et al. (1996). The pH of the 
formulation was adjusted to 7.0 using calcium 
carbonate. Ten grams of carboxymethyl cellulose 
(CMC) per kg of carrier was used as adhesive. 
Selected rhizosphere bacteria were grown in 
nutrient broth (NA) for 48 to 72h in a rotary shaker 
to obtain a minimum population of 9x 10K colony 
fonning units (CFUs)/ml. The suspensions were 
mixed with sterile carrier (400mllkg) and air-dried. 
Chickpea seeds (Annegiri) were wetted with CMC 
(1%) and uniformly coated with the respective 
formulations (S gmlkg seed) before sowing. 

Field Trial 

A plot used regularly for growing chickpea 
was selected at the University of Agricultural 
Sciences, Bangalore for screening the two selected 
bacterial antagonists. The treatments included P. 

fluorescens (PDBCAB 2) at 5g/kg, P. putida 
(PDBCAB 19) at Sg/kg, combination of both P. 
jluorescens (PDBCAB 2) and P fJlltida (PDBCAB 
19) at ] Og/kg, fungicide Captan at 2g/kg and 
untreated pathogen control. Individual plots 
measured 3x3m in a randomized block design with 
three replications. Sowing was done with a row 
spacing of 2Scm and spacing between plants was 
1 Scm. Observations on seedling emergence, root
rot and wilt incidences. plant stand, pod yield (kg/ 
ha), shoot/root length and vigour index were 

recorded after 45 days. The results were analyzed 
as per analysis of variance. Vigour index was 
calculated by multiplying the per cent seedling 
emergence with the sum of root and shoot length. 

RESULTS AND DISCUSSION 

The effect of seed treatment with talc based 
formulations of the two antagonistic bacteria viz., 

P. fluorescells (PDBCAB 2) and P. putida 
(PDBCAB 19) was tested against natural 
incidences of wilt (Fusarium f. sp. ciceri) and root
rot (R. solani) infecting chickpea. Significant 
differences were obtained in control of Rhizoctonia 
root-rot. As indicated in Table 1, at 30th day, the 
lowest root-rot incidence (3.1 %) was in the 
fungicide treatment and the highest (10.8%) was 
observed in pathogen control. The root-rot 
incidence ranged between 4.4 and 6.9 per cent in 
antagonists treated plots. On the 60th day the lowest 
disease incidence (5%) was observed in P. 
jluorescells (PDBCAB 2) treated plots and again 
highest (13.9%) was in pathogen check. Low root
rot incidence (5.8%) was also observed in P. putida 
(PDBCAB 19) treated plots. On the 90th day no 
significant root-rot incidences were observed in all 
the treatments. Ishrat-Izar et al. (1995) reported 
that the growth promoting bacterium P. aerugillosa 
(strains Pa6 and Pa] 2) significantly reduced 
infection by Macrophomina phaseolina and R. 
solani on chickpeas. Effective control of rice sheath 

blight pathogen R. solani was obtai ned when talc 

based powder formulation of P. j7uoresccns strain 
Pf-l was applied to seed, foliage, root and soil 
(Vidhyasekaran and Muthamilan, 1999). 
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Table 1. Effect of antagonists on and Rhizoctonia root rot incidence in chickpea 

Plants exhibiting root rot (%) days after 
Treatmcn t/dosage 30 60 90 

Pselldol1l0llGsfillOreSCel1s (PDBCAB 2) 4.4 (12.1) 5.0 (12.8) 0.8 (4.2) 
seed treated at 5 g/kg 

P. plltida (PDBCAB 19) seed treated at 6.9 (15.2) 5.8 (13.9) 0.5 (3.4) 
5g/kg 

P. jll1orescel1s + P. ptttida seed treatment at 5.8 (13.9) 7.5 (15.9) 1.1 (5.0) 
109/kg 

Fungicide 3.1 (9.9) 9.5 (17.8) 1.4 (6.7) 

Pathogen control 10.8 (19.2) 13.9 (21.9) 1.4 (6.7) 

CD (p< 0.05) (3.43) (3.90) NS 

NS = not significant * 

Figures in parentheses are angular transformed values. 

Fltsarillm wilt was obsetved on the 60lh day 

and minimum wilted plants (1.7%) were observed 

in P. fillorescens (PDBCAB 2) treated plots and 

the highest (8.3%) in pathogen control (Table 2). 

In other treatments, the per cent wilted plants 

ranged between 2.2 and 3.0. However, on the 90th 

day minimum (3.3%) wilted plants were observed 
in the plots seed treated with P. ptttida (PDBCAB 
19) and again the highest (13.3%) in pathogen 
control. Per cent wilted plants in fungicide 
treatment were 4.2 and in seed treatment with the 
antagonists. the per cent wilted plants ranged 
between 5.8 and 5.0. 

Tahle 2. Effect .of antagonists on Fllsarium wilt incidence in chickpea 

Plants exhibiting root rot (%) days after 
Treatment/dosage 

:0 ({) ~ 

PseudolllollClsjlllorescells (PDBCAB 2) 0.0 1.7 *(7.2) 5.0(12.8) 

seed treated at 5g/kg 

P. plltida (PDBCAB 19) seed treated at 0.0 2.2(8.5) 3.3(10.5) 

5 g/kg 

P.j7l/orescens + P. putida seed treatment 0.0 3.0(10.0) 5.8(13.9) 

at 10g/kg 

Fungicide 0.0 2.5(9.0) 4.2(12.4) 

Pathogen control 0.0 8.3 (9.5) 13.3(21.4) 

CD (p <0.05) - NS 3.33 

NS = not signi fie ant * 
Figurcs in pal'cnthcscs aloc angular transformed values. 

167 



RANGESIIWARAN eflli. 

Seed bacterization with fluorescent 
pscudomonads isolated from rhizosphere of crop 
plants reduced the number of wilted chickpea 
plants in wilt sick soil (F. oxysporum f. sp. cieer;) 
(Kumar. 1998). Gupta et al. (1996) reported that 
colonization or chickpea roots by herbicide tolerant 
strains of P.jll1oreseetls and P putida significantly 
reduced will disease caused by F. oxysporum f. 
sp. deed. 

Ohservations on plant stand and yield of 
chickpea were also undertaken after 90 days (Table 
4). Maximum plant stand (83.1 %) was observed 

in plots treated with P jluoreseens (PDBCAB 2) 
and minimum (54.1 %) in pathogen control plots. 
P putida (PDBCAB 19) treated plots also gave 
good plant stand (81.1 %). Highest pod yield of 
911.7kg/ha was observed in plots with P. 
fluoreseens (PDBCAB2) seed treatment and the 
lowest (539 Kg/ha) was in pathogen control plots. 
High yield (888.3 kglha) was also obtained in P. 
putida (PDBCAB 19) treated plants. In other 
treatments the yield ranged between 801.8 and 
837.9kglha. Per cent seedling emergence was the 
highest (85.8%) in plots seed treated with a 
combination of Pjluoreseens and P. pUlida at 109! 
kg and the lowest emergence (70.8%) in pathogen 

Table 3. Effect of antagonists on growth of chickpea after 45 days 

Treatment/dosage Seedling Shoot Root Vigour 
emergence length length index 

(%) (cm) (em) 

Pseudo/llonas fluorescefls (PDBCAB 2) 84.7 *(67.5) 30.:C 13.2 3666.2 
seed treated at 5g/kg 

P. puridll (PDBCAB 19) seed treated at 84.1 (66.8) 30.4 13.7 3700.1 
5 g/kg 

P fluoresce"s + P. pUlida seed treatment 85.8 (68.2) 31.1 12.9 3784.6 
at 109/kg 

Fungicide 8 J.9 (65.3) 32.1 12.9 3686.0 

Pathogen control 70.8 (57.4) 27.3 11.1 2706.2 

CD (p < 0.05) NS NS NS 643.18 

NS = not significant * 
Figures in parentheses are angular transformed values. 

Table 4. Effect of antagonists on plant stand and yield of chickpea after 90 days 
Treatment/dosage Plant stand (%) Yield (kglha) 

Pseudomonas fluorescens (PDBCAB 2) seed treated at 5g1kg 83.1 *(65.8) 911.7 

P pUlida (PDBCAB 19) seed treated at 5g/kg 81.1 (64.3) 888.3 

P. fluorescens + P. pUlida seed treatment at 10 glkg 76.7 (61.1) 837.9 
Fungicide 78.8 (62.6) 801.8 
Pathogen control 54.1 (47.3) 539.0 
CD (p< 0.05) 2.74 1] 6.16 

NS - not slgmficant * 
Figures in parentheses are angular transformed values. 
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control plots_ but the treatments were not 
significantly different (Table 3). Surprisingly 
observations on growth parameters also indicated 
no si!!nificant differences in shoot or root length 
belw~en the treatments (Table 3). Highest shoot 
lcnl!th of 32. I cm was observed in fungicide treated 
anti highest !'Oot length of 13.7 cm was observed 
in plants seed treated with P. fluorescells 
(PDBCAB 2). Howevel-, highest vigour index of 
37lS4.6 was derived from plots that received a 
combination of P. jillorescells and P. putida at 10 
g/kg and lowest vigour index of 2706.2 was in 
pathogen check. Specific stmi ns of P. fluorescells 
or P pII/ida group have been used as seed 
inoculants in crop plants to promote growth and 
increase yield (Kloepper el al., 1980). Nautiyal 
(1997) reported that chickpea seed bacterization 
with P. fluorescells NBRII 303 increased the 
germination of seedlings by 25 per cent and 
reduced the number of wilted plants by 45 per cent. 
He also recOl'ded increased shoot and root length 
ranging fmm 16 to 18 per cent and enhanced grain 
yield hy 22.61 per cent. The bacterium was selected 
from 386 rhizosphel'e isolates. 

In our study, the two rhizosphere antagonists 
l·i~., P. /7tlOrescens (PDBCAB 2) and P. putida 
(PDBCAB 19) were selected from 300 rhizosphere 
isolates. Their root colonizing, growth promoting 
and hiological control ability have already been 
estahlished (Rangeshwaran and Prasad, 2000a; 
2000b). We emphasize that one has to select a 
biological control agent not merely based on its 
inhibitory ability but also on its I-oot colonizing 
and growth promoting abilities. We have currently 
initiated studies on large-scale field evaluation of 
these two antagonists. 

ACKNOWLEDGEMENTS 

The authors wish to thank Dr. S. P. Singh, 
Project Director, Project Directorate of Biological 
Control for providing necessary facilities and 
enCounlgeInCnt to carry out the research work. The 
aut hOI's also thank Dr. K. Narayanan, Principal 
Scientist and Chief of Pathology Laboratory for 
valuable guidance. The authors are thankful to Mr. 
S. R. Biswas, Principal Scientist (Statistics) for 

valuable guidance in statistical analysis. The 
technical assistance provided by Mr. P. Raveendran 
is duly acknowledged. 

REFERENCES 

Gupta, S., Srivastava. A. K., Arora. D. K. 1996. Plant 
growth promotion and Fusarium wilt suppression 
by herbicide tolerant Pseudomollas strains. In: 
Brown, H., Cussans, G. W., Devine. M. D., Duke. 
S. 0 .• Fernandez-Quintanilla. c., Helweg, A., 
Labrada. R. E .. Landes .. M., Kudsk. P. and Streibig, 
J. C. (Eds.). Proceedings of the second international 
weed control congress, Copenhagen, Denmark. 
1-4: 369-374. 

Hawarc. M. P. and Nine. V. L.1980. source of resistance 
wilts and root-rots of chickpea. ImematiollaJ 
chickpea News letter, 3: 11-12. 

lshrat-Izhar .. Ehteshamul-Haque. S., Javed, M .• GhatTar, 
A. and Izhar, I. 1995. Efficacy of Pseudomonas 
aeruginosa and BradyrhizobiulIl sp .• in the control 
of root-rot disease in chickpea. Pakistan Journal 
of Botany, 27: 451-455. 

Kloepper. J. W. 1980. Enhanced plant growth by 
siderophore produced by plant growth promoting 
rhizobacteria. Nature. 286: 885-886. 

Kumar. B. S. D. 1998. Disease suppression and crop 
improvement through fluorescent pseudomonads 
isolated from cultivated soils. World journal of 
Microbiology ami Biotechnology, 14: 735-741. 

Nautiyal. C. S. 1997. Selection of chickpea-rhizosphere
competent. Pselldomonas fluorescells NBRI1303 
antagonistic to FusariulIl oxysporum f. sp. ciceris. 
Rhizoctollia bataticola and Pyrllillfll sp. Current 
Microbiolog)~ 35: 52-58. 

Rangeshwaran, R. and Prasad, R. D. 2oo0a. Biologi~al 
control of Sclerotium rot of sunflower. Indtall 
Phytopathology. 53: 46-5\. 

Rangeshwaran. R. and Prasad. R. D. ~OOOb. Is~lation 
and evaluation of rhizosphenc bactena for 
biological control of chickpea wilt pathogens. 
JournaL of Biological Control. 14: 9-15. 

Ryder, M. H., Stephens. P. M. and Bowen. G: D. 1994. 
Improving plant productivity with rhtzosphere 

169 



RANGESHWARAN el al. 

bacteria, pp. 7-11. In: Ryder, M. H. and Stephens, 
P. M. (Eds.). Proceedings of the Third Imernational 
Worksho/, Oil Plant Growth-Promoting 
Rhizohacteria. Adelaide, South Australia. 

Vidhyasckaran, P. 1998. Biological suppression of major 

diseases of field crops using bacterial antagonists. 

pp. 81 ~95. In: Singh. S. P. and Hussaini. S. S. (Eds). 

Bi%gical Suppression of Plant Diseases. 

Phytoparasit;c Nematodes and Weeds. Project 

Directorate of Biological Control, Bangalore. India. 

Vidhyasckaran, P. and Muthamilan, M. 1999. Evaluation 

170 

of powder formulations of Pseudomonas 

jluorescens Pf-l for control of rice sheath blight. 
Biocontrol Science and Technoiogy. 9: 67-74. 

Vidhyasekaran, P., Muthamilan. M .• Rabindran, R .. 
Sethumaran. K. and Ananthakumar. C. N. 1996. 
Development of a powder formulation of 
Pseudomonas fluorescells for seed. soil and foliar 
applications to control root and foliar pathogens. 
pp. 93-96. In: Rao, K. M. and Mahadevan, A. 
(Eds.). Current Trend ill Life Sciences-Recent 
Developments in BiocontlVl of Plant Pathogens, 
Today and Tomorrow's Printers and Publishers. 
New Delhi, India. 


