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Abstract— The present investigation was carried out in the Department of Plant Pathology, College of Agriculture, (IGKV), 

Raipur (CG.). In the recent times, there has been a reversed interest in the search of Plant Growth Promoting Rhizobacteria 

(PGPR) for sustainable crop production. Biological control using PGPR strains especially from the genus Trichoderma and 

Pseudomonas is an effective substitute for chemical pesticides to suppress plant diseases. The present investigation was evaluated to 

growth promoting activities in pulse crop such as chickpea by using different thirteen combination of Trichoderma sp., P. 

fluorescens and Rhizobium sp. five treatment used which were P. fluorescens (spray) + Trichoderma sp.(soil), P.fluorescens(soil)+ 

Trichodermasp.(spray), P. fluorescens (seed)+Rhizobium sp.(seed)+ Trichodermasp.(spray), P.fluorescens (spray) + Rhizobium sp. 

(seed)+ Trichoderma sp.(soil). After 14 days of uprooting of crop found that significantly highervigour index in T1 (2794.69) 

treatment of chickpea. All treatment combination increases root length, shoot length and overall vigour index as compared to 

control in all pulse crops. 
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I. INTRODUCTION 

 

Biological control using antifungal rhizobacteria to 

suppress plant diseases offers a powerful alternative to the 

use of synthetic chemicals (Emmert and Handelsman, 

1999). Different studies have demonstrated the ability of 

certain bacteria to suppress diseases caused by soil and 

seed-borne plant pathogens (Whipps, 2001; Dobbelaere et 

al., 2003). Rhizobacteria usually do not rely on single 

mechanism of promoting plant growth (Glick et al., 

1999).The use of biological control agents as an alternative 

to fungicides is increasing rapidly in the present day 

agriculture due to the deleterious effects of chemical 

pesticides. Members of the genus Pseudomonas and 

Trichoderma have long been known for their potential to 

reduce the plant disease caused by fungal pathogens and 

they have gained considerable importance as potential 

antagonistic microorganisms (Pant and Mukhopadhyay, 

2001). Among these the bacterial antagonists have the twin 

advantage of faster multiplication and higher rhizosphere 

competence hence, P. fluorescens have been successfully 

used for biological control of several plant pathogens 

(Ramamoorthy et al., 2002) and biological control using 

PGPR strains especially from the genus Pseudomonas is an 

effective substitute for chemical pesticides to suppress plant 

diseases (Compant et al., 2005). Co-inoculation studies with 

PGPR and Rhizobium, bradyrhizobium sp. have shown to 

increase root and shoot weight, plant vigour, nitrogen 

fixation and grain yield in various legumes (Valverde et al., 

2006; Yadegari et al., 2008). Chickpea (Cicer arietinum L.) 

is a major grain in India. It is contributes to 38% of national 

pulse production in India respectively. Legume crop can 

obtain a significant portion of its N requirement through 

symbiotic N2 – fixation to give high grain yield when grown 

in association with effective and competitive Rhizobium 

strain (Stephen et al., 2002). Interactions between these 

PGPR with Rhizobium may be antagonistic or synergistic 

and the beneficial effects of such interactions could be 

exploited for economic grain (Dubey, 1996). The objective 

of the present study was evaluation to growth promoting 

activities in pulse crop such as chickpea by using different 

thirteen combinations of P. fluorescens, Trichoderma sp. 

and Rhizobium sp. 

 

II. MATERIALS AND METHODS 

 

Seed treatment by Pseudomonas fluorescens: 

The seeds of chickpea were surface sterilized with sodium 

hypochlorite solution (1%) for 10 seconds, followed by 2-3 

washings with sterilized water. These seeds were then 

dipped into bacterial suspension having known cfu 

population for 6 hours and subsequently the excess 

suspension was decanted. After this, these seeds were air 

dried on plastic sheets under shade and cool condition. The 

seeds similarly treated with only sterilized water were kept 

to serve as control (Astrom and Gerhardson, 1988).Then the 

seeds were sown in different pots containing soil with sand 

and compost in the ratio of 3:1:1. After sowing and 

watering, germination percentage was recorded. The plants 
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were uprooted after 14 days of sowing and care was taken to 

avoid root damage. Plants were then washed with tap water, 

stretched on clean transparent surface and shoot length and 

root length of the plants were measured.  

Vigour index was also calculated as per Abual Baki and 

Anderson (1971)  

Vigour index = Germination % X (Root length + Shoot 

length) 

Soil treatment by Pseudomonas fluorescens: 

The Pseudomonas fluorescens isolate was applied as soil 

treatment (Twenty ml of bacterial suspension with a 108 

cfu/ml) and mixed with pot soil. Five seeds each of chickpea 

were planted in different pots. After sowing, germination 

percentage was recorded. The plants were uprooted after 14 

days of sowing and care was taken to avoid root damage. 

Plants were then washed with tap water, stretched on clean 

transplant surface and shoot length and root length of the 

plants were measured. Vigour index was also calculated as 

described earlier. 

Foliar spray of Pseudomonas fluorescens: 

Bacterial suspension at the concentration level of 

approximately 108 cfu/ml was thoroughly sprayed on the 

foliage of the seedlings with the help of automizer. The 

treatment was continued until fine droplets appeared on the 

foliage (Mew and Rosales, 1986). The plants were uprooted 

after 14 days of sowing and care was taken to avoid root 

damage. Plants were then washed with tap water, stretched 

on clean surface and shoot length and root length of the 

plants were measured. Vigour index was also calculated as 

described earlier. 

Seed treatment by Rhizobium culture: 

Seeds were dipped into bacterial suspension having 107 to 

108 cfu population for 6 hours and subsequently the excess 

suspension was decanted. After this, these seeds were air 

dried on plastic sheets under shade and cool condition. Then 

the seeds were planted in different pots containing soil with 

sand and compost in the ratio of 3:1:1. 

Soil treatment by Trichoderma spp.: 

Twenty ml of metabolites/ culture filtrates (as mentioned 

earlier) were mixed with pot soil. Five seeds each of 

chickpea were planted in different pots. After sowing, 

germination percentage was recorded. 

Foliar spray of Trichoderma spp.: 

For foliar application of Trichoderma spp. culture 5 gm per 

liter of water was thoroughly sprayed on the foliage of the 

seedlings with the help of automizer. The treatment was 

continued until fine droplets appeared on the foliage. 

Treatments details 

T1 : Seed treatment of Pseudomonas                              

fluorescens  

T2 :  Soil treatment of P. fluorescens 

T3 : Foliar Spray treatment of P. fluorescens  

T4 : Seed + soil treatment of P. fluorescens 

T5 : Seed + one foliar application of P. fluorescens 

T6 : Soil + one foliar application of P. fluorescens 

T7 : Seed + Soil + one foliar application of P. 

fluorescens  

T8 : One foliar application of P. fluorescens + soil 

treatment of Trichoderma spp.   

T9 : Soil treatment of P. fluorescens + one foliar 

application of Trichoderma spp.   

T10 : Seed treatment of Pseudomonas fluorescens +  

Rhizobium culture 

T11 :Seed treatment of Pseudomonas fluorescens + 

Seed treatment of  Rhizobium culture + one foliar 

application of Trichoderma spp.   

T12 : One foliar application of P. fluorescens + Seed 

treatment of Rhizobium culture + soil treatment of 

Trichoderma spp.   

T13 : Control (Without any thing) 

 

III. RESULTS AND DISCUSSIONS 

 

In general, it was evident from the data presented in the 

table that all treatment combination increases the root and 

shoot length and overall vigour index as compared to that of 

control. Among thirteen treatments, T10 and T1 were 

showing highest on par shoot length (19.1cm and 18.7cm) 

and root length was significantly highest in T10 (15.2 cm) 

followed by T3, T8 and T9 (14.2 cm). 

Treatment-T1 (2982.41) recorded the highest plant vigor 

index followed by T10 (2919.04), T2 (2729.56), T4 

(2684.33), T8 (2400.42), T6 (2393.88), T7 (2241.64), T5 

(2234.29), T12 (2230.50), T11 (1892.30), T3 (1603.31), T9 

(1601.58) and T13 (1469.59) in the decreasing order and 

also change in overall vigour index in T1 (102.94) followed 

by T10 (98.63), T2 (85.74), T4 (82.66), T8 (63.34), T6 

(62.89), T7 (52.53), T5 (52.03), T12 (51.78), T11 (28.76), 

T3 (9.10) and T9 (8.98) in the decreasing order. The results 

of present study are in agreement with those of other 

scientists (Vidyasekaran and Muthamilan, 1995; Rao et. al., 

1996; Nanda Kumar 2001; Raji and Lekha, 2003), who also 

found that seed treatment of PGPR as one of the promising 

methods of inoculation. The growth promoting substance 

produced by P. fluorescens might have exerted a synergistic 

action and enhanced the growth promotion. Pseudomonas 

spp. was reported to produce amino acids, salicylic acid and 

IAA (Sivamani and Gnanamanickam, 1988; O’Sullivan and 

O’Gara, 1992) which might have improved the plant growth 

and seedling vigour. Production of indole acetic acid (IAA) 

by the strains of Pseudomonas spp. responsible for 

increasing root elongation was also reported (O’ Dowling 
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and O’ Gara, 1994).  Ramesh and Korikanthimath (2003) 

were reported that growth parameters and vigour index 

recorded in nursery were higher in P. fluorescens treatments. 

Almost similar results were recorded in the present study 

conforming the findings of earlier researchers.  

 

Table : Effect of different combination of Pseudomonas fluorecsens, Rhizobium sp. and Trichoderma sp. on various 

plant growth parameters of chickpea. 
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