
 

 
Advanced Studies in Biology, Vol. 2, 2010, no. 2, 89 - 97 

 
 
 
 

Effect of Bacterization of Finger Millet Grains 
 

 with the PGPRs Isolated from the Rhizoplane of  
 

Holostemma ada-kodien Schultes on its Germination  
 

and Initial Growth 
 
 

L. Thanuja and S. R. Ambika  
 

 Physiology Section, Department of Botany 
Bangalore University, Bangalore- 560056, India 

thanuje@yahoo.co.in 
 
 

Abstract 
 
Plant growth promoting rhizobacteria (PGPR) are a heterogeneous group of 

bacteria that are found in the rhizosphere and rhizoplane of roots and they are known 
to possess growth promoting qualities. The growth promoting activities of these 
microorganisms may have direct or indirect effect on the improvement in the plant 
growth.  The direct growth promoting activities may be attributed to the production of 
plant growth promoting hormones like the auxins, gibberlins and cytokinins; nitrogen 
fixation, phosphate solubilization etc.  The indirect growth promoting means are by 
producing the substances which lessen or prevent the deleterious effect of one or 
more phyto pathogenic microorganisms.  Five bacterial isolates from rhizoplane of 
Holostemma ada-kodien- an endangered medicinal plant, were screened for their 
direct growth promoting activities (production of NH3, IAA and phosphate 
solubilization) and their efficiency was tested on the growth and dry matter 
accumulation in Finger millet seedlings.  The results obtained showed that among the 
five isolates tested, only one isolate showed overall improvement in the growth of 
Finger millet seedlings over the control, while another showed improvement only in 
terms of shoot length.and rest three showed retardation in the growth of the seedlings.   
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Introduction   

 
Holostemma ada-kodien Schultes.( Asclepiadaceae), an endangered medicinal 

plant  commonly known as Jivanti or Adapathyian, is a laticiferous, twining perennial 
herb with tuberous roots.  The roots are medicinally important and a major ingredient 
of the drug Jivanti, which is used in indigenous system of medicine for maintaining 
youthful vigour and strength. The roots are also used as stimulant, expectorant and 
also as a remedy for diabetes. The roots are in great demand due to their high 
medicinal value. The continuous harvesting of root tubers in recent times has led to 
scarcity of the species in the natural habitat.  Thus, it is included in the Red listed 
medicinal plants of South India by Foundation for Revitalization of Local Health 
Traditions (FRLHT, 1997).  So far, there are no reports on isolation of PGPRs from 
this plant.   

Plant growth promoting rhizobacteria (PGPR) are a heterogeneous group of 
bacteria that are found in the rhizosphere and rhizoplane of roots and they are known 
to possess growth promoting qualities (Antoun et al., 2001). The growth promoting 
activities of these microorganisms may have direct or indirect effect on the 
improvement in the plant growth.  The direct growth promoting activities may be 
attributed to the production of plant growth promoting hormones like the auxins, 
gibberlins and cytokinins; nitrogen fixation, phosphate solubilization etc.  The 
indirect growth promoting means are by producing the substances which lessen or 
prevent the deleterious effect of one or more phyto pathogenic microorganisms. 

The present study is intended to screen the direct growth promoting activities 
(production of IAA, NH3 and phosphate solubilization) of bacteria isolated from the 
rhizoplane of Holostemma ada-kodien and to test their growth promoting efficiency 
on Finger millet at the seedling stage. 
 
 
Materials and methods 
 
a) Isolation of bacteria 

In the present study, the rhizoplane bacteria were isolated for the purpose of 
study. Holostemma plants were collected from grassland in Hesaraghatta, Bangalore 
District, Bangalore.  The plants were brought to the lab; the root system was 
separated from the shoot system.  Healthy and moderate sized roots were separated 
and washed thoroughly under running tap water to remove the adhering soil particles.  
It was followed by washing the roots repeatedly in sterile distilled water.  They were  
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taken into the laminar air flow cabinet and surface sterilized by treating with 0.1% 
Mercuric chloride for 3 minutes.  Then they were repeatedly washed with sterile 
distilled water several times to remove the traces of Mercuric chloride.  They were 
trimmed into pieces of about 1cm length with a sterile scalpel and    transferred into a 
sterile Petri plate with a sterile filter paper and allowed to dry in the blow of the 
Laminar Air Flow unit. 
 The sterilized root bits were picked up with a sterile forceps one by one and 
gently embedded on pre sterilized nutrient agar plates. The plates were incubated at 
30 oC for 48 hours and observed for the appearance of bacterial colonies. 
 The colonies growing along the surface of the roots were isolated and sub cultured 
on Nutrient agar plates by streaking on fresh Nutrient agar plates and incubated for 3 
days at 30 oC.  The plates were observed for typical bacterial colonies over the 
streaks.  Well isolated single colonies were picked up and re streaked onto fresh agar 
plate and incubated in a similar manner.  This process was repeated till single pure 
colonies were obtained.  These colonies were maintained in agar slants for further 
studies. 
 
Characterization of isolates 
The bacterial isolates were characterized by their morphological and biochemical 
characteristics. 

The morphological characteristics were examined on the nutrient agar plates.  
The pure cultures from the slants were plated on the nutrient agar plates.  After the 
growth of colonies on incubation, different morphological characters of the colonies 
like the shape, size, elevation, surface, margin, and colour were recorded.   
The biochemical characterization was done by performing Gram staining, 
carbohydrate fermentation, IMViC tests, Oxidase test, catalase test, Starch hydrolysis, 
Gelatin liquefaction, Mannitol fermentation etc. 
 
B. In vitro Screening of bacterial isolates for their plant growth promoting 
activities 
 
1. NH3 production: 
 Freshly grown cultures were inoculated in test tubes containing 10ml of 
sterilized peptone water and incubated at 30oC for 72 hours.  To each of these culture 
tubes, 0.5ml Nessler’s reagent was added and observed for colour development.  
Presence of faint yellow colour indicates production of small amount of ammonia and 
deep yellow to brownish colour indicates maximum production of ammonia and no 
colour development indicates a negative test (Cappuccino and Sherman, 1992). 
 
2. Test for Indole-3-Acetic Acid (IAA) production 
  To screen the bacterial isolates for IAA production, the method of Loper and 
Scroth (1986) was followed.  Bacterial cultures were grown in nutrient medium  
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supplemented with Tryptophan (500 µg/mL ) for 72 hrs. at 280C .  Then the cultures 
were centrifuged at 3000rpm for 30 minutes.  Two mL of the supernatant was mixed 
with two drops of ortho phosphoric acid and 4ml of Salkowski reagent.  Development 
of pink colour indicates IAA production and further, the intensity of the colour 
developed indicates the concentration of IAA.  
 
3. Phosphate solubilization  

The bacterial isolates were screened for phosphate solubilization on 
Pikovskaya medium as described by Gaur (1990).The bacterial isolates were 
inoculated into plates with sterilized Pikovskaya medium containing tri calcium 
phosphate and incubated at 30oC for 72 hours.  Formation of clear zone around the 
colony indicates the phosphate solubilizaton by the bacteria.  The diameters of the 
clear zones were recorded.   
 
4. Seed germination test 
 The isolated rhizobacteria were bioassayed for their ability to promote/inhibit 
seedling growth using the method as described by Berg et al. (2001) with few 
modifications. 

The Finger millet seeds were surface sterilized with 0.1% Mercuric chloride 
for 2 minutes then with 70% alcohol for 5 minutes followed by successive washing 
with sterile distilled water.  Then the seeds were transferred into the cultures grown in 
nutrient broth for 48hrs that contain about 106 cells/mL and were soaked in the 
cultures over night.  Then they were removed from the culture tubes and implanted 
on plates with 0.8% sterile agar and incubated at 30oC for 7 days. Three replicates 
were made for each bacterial isolate. For control, the seeds were surface sterilized and 
implanted on the sterile agar medium without treating with any culture.  
 
 Results 
 
Isolation of PGPRs 
 Five bacterial isolates were successfully isolated from the rhizoplane of 
Holostemma ada- kodien collected from Hesaraghatta, Bangalore district, Bangalore, 
India and they were designated as RPHG1, RPHG2, RPHG3, RPHG4 and   RPHG5. 
 
Morphological characteristics of PGPR isolates 
 The morphological characteristics of the colonies showed slight variations.  The 
isolates produced mostly circular colonies with margins varying from entire to 
undulate.  All the colonies were flat without much of elevation and the surface was 
mostly shiny and mucoid, few were dull and waxy.  The colour of the colonies ranged 
from cream to yellow. (Table 1)  
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Microscopic observations 
 The microscopic observations were carried out to determine the grams 
reaction and shape of the cells.  Among the five isolates, RPHG1 and RPHG4 were 
gram negative and rod shaped bacteria, RPHG2 and RPHG5 were gram positive and 
rod shaped bacteria whereas RPHG3 was gram positive cocci. 
 
 
 
        Table1.  Morphological characteristics of colonies 
 

 
Sl 
no 

 
Size of 
colony 

 
Whole 
colony 

 
Edge 

 
Eleva
tion 

 
Surface 

 
Colour 

 
Identification 

1 Small Oval Undulate Flat Waxy Whitish 
cream 
 

G-  short 
rods 

2 Large Circular Undulate Flat Mucoid Yellowish 
cream 
opaque 

G+ short 
rods 

3 Large Irregular Undulate Flat Mucoid Yellowish 
transparent 

G+ cocci in 
clusters 

4 Large Circular Entire Flat Mucoid Yellowish 
transluscent 

G- long rods

5 Large circular Entire Flat Mucoid Yellowish 
transluscent 

G+ short 
rods 

 
 
Biochemical characterization 
 The biochemical investigations of the five isolates revealed that all the 
isolates were positive for oxidase and catalase tests and negative for gelatin 
liquefaction tests. RPHG1, RPHG3 and RPHG5 were positive for starch hydrolysis 
while RPHG2 and RPHG4 were negative for starch hydrolysis. All the isolates were 
positive for mannitol fermentation test.  The carbohydrate fermentation test revealed 
that all the isolates could ferment glucose while only RPHG4 could ferment lactose 
and only RPHG1, RPHG3 and RPHG5 could ferment sucrose. (Table 2& 3) 
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Table 2.  Biochemical characters of the isolates 
Sl no RPHG1 RPHG2 RPHG3 RPHG4 RPHG5 

 
Gram 

reaction 

 
G negative 

 
G positive 

 
G  positive 

 
G negative 

 
G positive 

 
Cell shape 

 
Short rods 

 
Short rods 

Cocci in 
clusters 

 
Long rods 

 
Short rods 

Glucose 
fermentation 

A + 
G - 

A + 
G + 

 

A + 
G + 

A + 
G + 

A + 
G + 

Lactose 
fermentation 

A - 
G - 

A - 
G - 

A - 
G - 

A + 
G + 

A - 
G - 

Sucrose 
fermentation 

A + 
G + 

A - 
G - 

A + 
G - 

A - 
G - 

A + 
G + 

Mannitol 
fermentation 

 
Positive 

 
Positive 

 
Positive 

 
Positive 

 
Positive 

Oxidase 
test 

 
Positive 

 
Positive 

 
Positive 

 
Positive 

 
Positive 

Catalase 
Test 

Positive Positive Positive Positive Positive 

Starch 
hydrolysis 

Strongly 
Positive 

 
Negative 

Strongly 
Positive 

 
Negative 

 
Positive 

Gelatin 
liquefaction 

 
Negative 

 
Negative 

 
Negative 

 
Negative 

 
Negative 

 
A-Acid              G-Gas 

 
           
 Table 3.  IMViC tests 

Sl no RPHG1 RPHG2 RPHG3 RPHG4 RPHG5 
Indole test 
 

 
Positive 

 
Negative 

 
Negative 

 
Positive 

 
Negative 

Methyl Red test  
Negative 

 
Positive 

 
positive 

 
Positive 

 
Negative 

Voges proskauer test  
Positive 

 
Negative 

 
Negative 

 
Negative 

 
Positive 

Citrate utilization test  
Positive 

Weakly 
positive 

 
Positive 

 
Positive 

 
Positive 
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a) Tests of plant growth promoting traits 
Production of NH3 
 Among the 5 bacterial isolates tested for NH3 production, RPHG1 and RPHG2 
showed maximum production of ammonia, RPHG3 and RPHG5 showed production 
of small amounts of ammonia and RPHG4 did not produce ammonia. 
 
Production of IAA 

Out of the 5 bacterial isolates screened for production of IAA, RPHG1, 
RPHG2 and RPHG4 isolates showed maximum production of IAA, RPHG3 and 
RPHG5 showed production of very less amount of IAA. 
 
Phosphate solubilization 

Similarly, among the 5 isolates tested for phosphate solubilization, RPHG2 
showed weakly positive results, RPHG3 and RPHG4 showed strongly positive results 
whereas, RPHG1 and RPHG5 showed negative results.  RPHG3 (2.2cm) showed the 
maximum solubilization of phosphates followed by RPHG4 (1.9cm) and RPHG2 
(1.2cm).  
 The results are shown in Table 4. 
 
           Table 4. Screening results of plant growth promoting traits 

Isolates NH3 production IAA production Phosphate 
solubilization 

RPHG1 S+ S+ nil 
RPHG2 S+ S+ W+(1.2cm) 
RPHG3 W+ W+ S+(2.2cm) 
RPHG4 nil S+ S+(1.9cm) 
RPHG5 W+ W+ nil 

           S+ = strongly positive            W+ = weakly positive   
 
b) Seed germination test 

The seed germination tests after treatment with the five bacterial isolates 
indicated that: 
RPHG3 brought about increase in the shoot length and wet biomass over the control. 
RPHG5 induced increase in root length, shoot length and wet biomass over the 
control. 
Mixture of RPHG3 and RPHG5 enhanced the shoot length and wet biomass whereas 
RPHG1, RPHG2 and RPHG4 tested independently and a mixture of these three 
isolates showed retardation in the seedling growth; retardation being maximum by 
RPHG1 followed by RPHG2 and RPHG4 in the decreasing order.  Growth 
retardation was also seen with the mixture of all the five types of bacterial isolates. 
Control showed 85.71% seed germination. Similar result was obtained from the seeds 
treated with RPHG1, RPHG3 and a mixture of RPHG3 and RPHG5. 
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Treatment with RPHG2, RPHG5, mixture of RPHG1, RPHG2, and RPHG4 and also 
with the mixture of all five types showed 100% seed germination.  However, 
treatment with RPHG4 alone showed least percentage of germination (71.42%). 
The results of seed germination test are shown in Table 5. 
 
   Table 5.   Seed germination test  

 
 

Isolates 

Mean 
Root 

length 
(cm) 

Percent 
over 

control 

Mean 
Shoot 
length 
(cm) 

Percent 
over 

control 

Mean wet 
biomass 

(mg) 

Percent 
over 

control 

Germination 
percentage 

Control 11.2 100 3..3 100 21.5 100 85.71 

RPHG1 6..3 56.25 2..8 84.84 15.0 69.76 85.71 

RPHG2 9..3 83.03 2..9 87.87 17.0 79.06 100 
RPHG3  7..3 65.17 3..5 106.06 22.1 102.32 85.71 
RPHG4 9..9 88.39 3..0 90.90 17.5 81.39 71.42 
RPHG5 11.7 104.46 3..8 115.15 24.8 115.34 100 
Mixture of  
3 & 5 

7..8 69.64 3..6 109.09 22.6 105.11 85.71 

Mixture of 
1,2 & 4 

9..3 83.03 3..2 96..96 16.1 74.88 100 

Mixture of  
all five 
types 

10..9 97.32 3.1 93..93 21.2 98.60 100 

 
 

Conclusion 
In the present study, five bacterial isolates were screened for their direct 

growth promoting efficiency on Finger millet.  Among the five isolates, only two 
isolates (RPHG3 and RPHG5) both of which were weakly positive for IAA 
production, showed considerable improvement in the plant growth either in terms of 
root or shoot length and wet biomass over the control.  Further, RPHG3 could bring 
about improvement only in the shoot growth and wet biomass whereas, RPHG5 
brought about increase in the shoot length, root length and wet biomass.  The rest 
three isolates which were good producers of IAA showed retardation of the growth of 
the seedling. Hence, RPHG5 alone can be used to enhance the overall initial seedling 
growth of Finger millet.  It has been reported that IAA production by PGPR can vary 
among different species and strains it is also influenced by culture condition, growth 
stage and substrate availability ( Mirza et al, 2001).  The isolates from the 
rhizosphere are more efficient producers of auxins than those from the bulk soil 
(Sarwar and Kremer, 1992). The varied concentrations of IAA produced by the 
rhizoplane bacteria have probably played a role in regulating the root and shoot 
growth as, the effective concentration for shoot growth is generally inhibitory for the  
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root growth. The level of endogenous auxin of a normal healthy plant is nearly 
optimal for its growth, supplying the plant with exogenous auxin causes only a 
modest and short lived stimulation in growth and may even be inhibitory in the case 
of dark grown seedlings, which are more sensitive to supra optimal auxin 
concentrations than light grown plants (Taiz and Zeiger, 2002).  Since the present 
study was conducted at the seedling stage for a period of 7 days, only the in vitro 
method was carried out to study the germination and initial growth.  
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