
 

  

 
 

         International Journal of Microbial Resource Technology            
         ©2012 INPRESSCO. All Rights Reserved. 

           Available at http://ijmrt.inpressco.com  
ISSN 2278 – 3822 

Original Research Article 

 

COLONIZATION BEHAVIOUR OF GLUCONOACETOBACTER DIAZOTROPHICUS IN  

ROOT-KNOT NEMATODE (MELOIDOGYNE INCOGNITA) INFECTED AND HEALTHY COTTON PLANTS 
                                  

Chawla, N
a *

, Anand, RC
b
 and  Narula, N

 c  

 

a ,bCCS Haryana Agricultural University, Department of Microbiology, Hisar, India, Pin – 125 004. 
cDirector Administrator, Manav Institute, V.P.O Jevra, Teh. Barwala, Hisar. 

 

E-mail address of corresponding author: nitichawlahans@gmail.com 
 

Accepted  4 Aug 2012, Available online 1 Sep 2013, Vol.2, No.1 ( 2013) 

Abstract 

The root colonization by Gluconoacetobacter diazotrophicus 35-47, applied as seed treatment, was studied in cotton (Gossypium hirsutum) plants infected with root-knot 

nematode (Meloidogyne incognita) and were compared with healthy cotton plants grown in sterilized and unsterilized soil, under green-house conditions. Inoculation of 

G. diazotrophicus strain 35-47 significantly reduced 89% root-knot disease intensity with enhanced plant growth parameters in nematode infected as well as healthy 

cotton plants under both soil conditions. Population dynamics of G. diazotrophicus strain 35-47 indicated highest bacterial counts in adhered (86.25 × 10
3 

CFU ml
-1

) 

unsterilized soil, followed by the root washings (12.25 × 10
3 

CFU ml
-1

) in sterilized soil conditions. Minimum counts were recorded in rhizospheric soil under both 

sterilized as well as unsterilized soil conditions. Unsterilized soil was found to support better multiplication of G. diazotrophicus 35-47 on the root surface as compared to 

sterilized soil. G. diazotrophicus strain 35-47 was not recovered from the internal tissues of cotton plant. Our studies revealed that this bacterium colonizes root surface 

and not the internal tissues of the cotton plant, thereby suggesting that it is a ‘root-surface colonizer’ and not an ‘endophyte’ of cotton plant. 
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________________________________________________________________________________________________________________________________________ 

 

1. Introduction 

 

Gluconoacetobacter diazotrophicus (Yamada et al. 1997), formerly known as 

Acetobacter diazotrophicus (Gillis et al. 1989), is known to produce volatile 

fatty acids, fix atmospheric nitrogen (Cavalcante and Dobereiner 1988), and 

promoting sugarcane plant growth. There are several reports on the use of this 

bacterium as an inoculant singly or in combination with other microorganisms 

for growth, crop productivity and efficiency in the management of the root-knot 

nematode (M. incognita) in cotton (Bansal et al. 2005). G. diazotrophicus was 

isolated from roots, stems (Cavalcante and Dobereiner 1988) and leaves 

(Dobereiner et al. 1988 ) of sugarcane, sweet potato, Cameroon grass 

(Dobereiner et al. 1993), pineapple (Tapia-Hernandez et al. 2000) and common 

beans (Phaseolus vulgaris) (Trujillo-Lopez et al. 2006).  

In addition, this bacterium was also reported from root stem and 

rhizosphere, of coffee plants (Jimenez-Salgado et al. 1997), sorghum (Isopi et 

al. 1995) and finger-millet (Loganathan et al. 1999). Initially it was believed 

that G. diazotrophicus had restricted host range, but its isolation from many 

crops, has paved the way to test its efficiency to colonize many other crops. 
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Cotton (Gossypium spp.), an important cash crop, besides meeting out 

the fibre and cloth requirements, has been considered as an index of the progress 

of civilization of mankind. Cotton is used by about 75% of world’s population 

for clothing purposes. But this useful crop is attacked by a number of pathogens 

such as insects, pests and disease including phytonematodes. Among 

phytoparasitic nematodes, the root-knot nematode, Meloidogyne incognita 

(Kofoid and White; Chitw.race-4) is one of the most important pests of cotton 

all over the world and damages the crop directly by causing root-knot disease 

syndrome. On field evaluation conducted for three years of two most effective 

strains revealed that G. diazotrophicus strain 35-47 significantly and persistently 

increased cotton yield from 46.9 to 84.3 per cent over untreated control and 

reduced root knot disease intensity significantly (Bansal et al. 2005). Root 

colonization by introduced bacterium is one of the important and essential steps 

in the interaction of beneficial bacterium with host plant-nematode patho-

system. True root colonizer, are those bacteria that colonize roots in competitive 

conditions in natural soils and help the plant in fighting the nematode infection, 

it is assumed that this might be due to its interference with infection sites, 

through colonization on root surface by the bacterium, but there is no 

information available on the colonization behavior of G. diazotrophicus in 

cotton plant. Therefore, the present work was undertaken to study the fate, 

survival and colonization of G. diazotrophicus (via seed treatment) in plant as 

well as in the rhizosphere of healthy and root knot (Meloidogyne incognita) 

infected cotton plant in sterilized and unsterilized soil under green-house 

conditions. 

 

2. Material and methods  

 

2.1. Bacterial strain, nematode, seeds and soil 

 

Gluconoacetobacter diazotrophicus strain 35-47, was obtained from the 

Department of Microbiology, CCS Haryana Agricultural University, Hisar. 

A pure culture of M. incognita race 4 was obtained from the 

Department of Nematology, CCS Haryana Agricultural University, Hisar. India. 

Seeds of cotton (Gossypium hirsutum) cv. H-1098 were obtained from the 

Cotton Section, Department of Plant Breeding, CCS Haryana Agricultural 

University, Hisar, India. Sandy loam soil, pH 8.0, used for the experiments was 

obtained from cotton fields of CCS Haryana Agricultural University, Hisar. 

 

 

2.2. Cultural conditions  

 

The culture was maintained on LGI (lacto-glucose infusion) (Reis et al. 1994) 

slants and broth. For the observation of growth, culture was grown in LGI broth 

at 25°C for 3-4 days. Culture broth was serially diluted and plated on LGI 

medium plates containing different concentrations of glucose (5 - 40%). Growth 

was observed visually on these plates. LGI medium containing 30% of glucose 

was chosen as a screening medium for further studies on colonization.  

 

2.3. Method for propagation of M. incognita  

 

The culture of M. incognita was obtained from second stage juveniles emerged 

from egg masses collected from the galled roots of cotton (G. hirsutum) plant. 

Tomato (Solanum lycopersicum L.) cv. HS-101 and brinjal (S. melongena L.) 

cv. BR-112 were used as hosts for propagating and maintaining the culture of 

the nematode in 30-cm-diameter earthen pots filled with 3 kg steam-sterilized 

sandy loam soil of pH 8.0. Whenever required, the egg masses of M. incognita 

were collected from the infested plants. To obtain second stage juveniles, egg-

masses were kept for hatching on wet strength facial tissue paper supporting an 

aluminium sieve, placed in petri plates containing sterilized distilled water and 

incubated at 28 ± 1 °C. Emerged second stage juveniles were collected after 

three days and their population/ml of water suspension was counted using a 

counting dish under a stereoscopic microscope. Juveniles thus obtained were 

used for inoculation of cotton plants.  

 

2.4. Preparation of pots for sowing  

 

Two soil conditions were used during green house experiments: One half of the 

soil was kept as such, i.e. unsterilized and the other half was steam sterilized by 

autoclaving at 15 lb psi for one hour for three consecutive days. Sterilization 

was confirmed by plating the soil samples on nutrient agar and incubating at 30 

± 1 °C, and since no colonies appeared after 3 days of incubation, the soil was 

considered as sterile. 
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2.5. Sterilization of seeds 

 

Cotton seeds were surface sterilized by dipping in 0.1%  mercuric chloride for 5 

min, followed by 5-6 washings with sterilized distilled water, under aseptic 

conditions. 

 

2.6. Treatment of seeds with G. diazotrophicus 

 

Surface sterilized seeds were soaked in the culture suspension of G. 

diazotrophicus 35-47 (10
8
cells/ml) for 30 min. Treated and untreated seeds were 

sown in earthen pots in (15 cm diameter with 1 kg soil in each) in triplicate. 

 

2.7. Treatment of germinated cotton seeds with nematode (M. incognita) 

 

Five day old germinated cotton seeds were inoculated with 1000 juveniles of M. 

incognita in 10 ml sterile distilled water.  

 

2.8. Green house experiment 

 

The experiment was done in two soil types, each soil was given four treatments 

and each treatment was replicated three times. Pots (15 cm diameter containing 

1 kg of soil) were arranged in a completely randomized block design on benches 

in a green-house at 38-40 °C and watered daily with sterile water. The 

recommended dose of fertilizers used was 88 kg/ha Nitrogen and 30 kg/ha 

Phosphorus. Whole intact plant with root and shoot from three replications were 

uprooted at 15, 30, 45 and 90 days of planting. Rhizospheric soil, adhered soil, 

root washings from the root and epidermal layer, vascular bundles of stem and 

whole leaf of the above mentioned plants were separated.  

 

2.9. Sample preparation for external colonization studies 

 

2.9.1. Rhizospheric soil 

 

Plant roots were shaken to remove loosely attached rhizospheric soil particles, 

which were collected on pre-sterilized paper and then weighed. 

 

 

2.9.2. Adhered soil 

Soil particles closely attached to the root were separated gently using sterile 

tooth brush and weighed. 

2.9.3. Root washings 

The weighed root sample was shaken in sterilized water and one ml of the so 

obtained root wash was transferred to water blank.  

 Above samples, after separation, were transferred to 9 ml water blank, 

serially diluted and plated for the determination of bacterial counts (CFU). 

 

2.10. Sample preparation for internal colonization studies 

 

Internal colonization of the bacterium was studied by surface sterilization of 

roots using sodium hypochlorite solution (0.4% free chlorine). Roots were 

dipped in sodium hypochlorite solution for 15 min., followed by rinsing in 

sterile distilled water under sterile conditions. Root surface sterility was 

confirmed by plating the 5th root washing on LGI medium (30% glucose) and 

nutrient agar. Root samples were assessed for the internal colonization studies. 

2.10.1. Epidermal layer 

The surface of the stem was scrapped with sterile surgical blade and a sample 

containing epidermal layer and cortical layer was weighed. 

2.10.2. Steler region 

The stelar region of the stem was weighed and then crushed in sterile water with 

a sterile glass rod.  

2.10.3. Leaf 

Leaves were weighed; surface sterilized using 10% NaOCl for 15 min. and then 

macerated in sterile distilled water.  

2.10.4. Root 
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Surface sterilized and weighed root samples were macerated in sterile distilled 

water and used for plating. 

All the above mentioned samples were serially diluted and plated on LGI 

medium containing 30% glucose and incubated at 25 °C for 3-4 days,  and their 

CFU (colony forming units) was determined.   

2.11. Measurement of nematode infestation 

 

Nematode (M. incognita) infestation was measured as number of root galls 

induced by the root-knot nematode on the whole root system, counted with the 

aid of a magnifying glass lens at 15, 30, 45 and 90 days after sowing. 

 

2.12. Effect on plant growth parameters of cotton 

 

Shoot and root weights of cotton plants were recorded after 15, 30, 45 and 90 

days at sowing. 

 

2.13. Statistical analysis 

 

For statistical analysis, the experimental data on plant growth parameters and  

gall numbers was analyzed by the method of 'Analysis of Variance' (ANOVA) 

and LSD at P=0.05 was used to compare the means between the treatments and 

sampling time. Factorial CRD was used for the analysis. Appropriate standard 

errors along with critical difference (CD) wherever necessary were worked out 

for discrimination of the treatment effects of chance effect. For the statistical 

analysis of data on the enumeration of bacterial population, data were subjected 

to (n+1) square root transformation before analysis of variance (ANOVA) as 

described by Snedecor and Cochran (1968) and LSD at P=0.05 was used to 

compare means between treatments, sample and sampling time. The results are 

reported as transformed and untransformed values (as given in the tables). 

 

3. Results 

 

3.1. Morphological and cultural characteristics  

 

Growth of G. diazotrophicus 35-47 was observed on LGI medium plates (with 

30% glucose). No growth was observed at concentrations higher than 30%. On 

agar plates, growth of G. diazotrophicus 35-47 appeared as dark orange colonies 

with shining surface and in LGI broth change in colour from green to yellowish 

orange (because of acid production) indicated positive growth (Table 1). 

3.2. Effect of G. diazotrophicus 35-47 on root and shoot weight of cotton in 

healthy and infected cotton plants in sterilized and unsterilized soils 

 

G. diazotrophicus 35-47 inoculation significantly increased growth parameters 

both in healthy and nematode infected plants irrespective of days after sowing 

(DAS). In sterilized soil, maximum and significantly higher shoot weight (7.32 

g) of cotton was recorded in plants treated with G. diazotrophicus 35-47 

followed by untreated control (5.91 g) (Table 2). Minimum shoot weight was 

recorded in case of plants infected with nematode (3.33 g) only, and weight 

increased (4.64g) with inoculation of G. diazotrophicus 35-47. Similarly, in 

unsterilized soil, shoot weight was lowest in nematode infected plants (2.5 g) 

while an increase was observed with inoculation of G. diazotrophicus in 

nematode infected plants from 2.6 to 4.6 g compared to their untreated controls 

(5.5 to 6.7 g) (Table 2). 

In sterilized soil, maximum (3.66 g) and significant higher root weight 

(Table 3) was recorded in the plants treated with G. diazotrophicus alone, while 

it was minimum (1.68 g) in case of nematode infected plants, which increased 

(2.33g) when inoculated with G. diazotrophicus 35-47. Similarly in unsterilized 

soil, root weight increased from 2.4 to 3.0 g, as observed in untreated control 

without nematode infection. Statistically significant increase in root weight was 

recorded, 1.43 g in case of nematode infected plant and 1.96 g with G. 

diazotrophicus inoculated plants. 

 

3.3. Effect of G. diazotrophicus 35-47 on number of galls formed due to root-

knot nematode (M. incognita) in sterilized and unsterilized soils 

 

Inoculation of G. diazotrophicus reduced the number of galls (Table 4) induced 

by the nematode infection in cotton plant. In sterilized soil, maximum reduction 

(89.2%) of galls over inoculated control was observed 30 days after sowing 

(DAS) and minimum (23%) after 15 days after sowing. In unsterilized soil, 

maximum reduction was on 45 DAS (121.7%) followed by 30 DAS (109.5) and 

minimum was observed on 15 DAS (68.0). 
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3.4. External colonization of G. diazotorphicus 35-47 under sterilized soil 

conditions 

 

In sterilized soils, statistical analysis of the data revealed that significantly  

higher bacterial counts (Table 5) were observed in adhered soil 254.6
 
(86.25 × 

10
3 

CFU ml
-1

) followed by root washing 234.5
 
(56.6 × 10

3 
CFU ml

-1
) and 

rhizospheric soil 171.2
 
(35.9 × 10

3 
CFU ml

-1
). When we study interaction 

between samples and time of sampling, data indicated that bacterial counts were 

maximum 312.9
 
(14.7 × 10

4 
CFU ml

-1
) after 30 days in adhered soil and 

minimum 136.5
 
(19.0 × 10

3
 CFU

 
ml

-1
) in rhizospheric soil after 90 days of 

sowing, showing thereby that the bacteria prefer to colonize more, near the 

vicinity of roots than in the rhizospheric soil. It is also evident that bacterial 

count was maximum and significantly highest in G. diazotorphicus 35-47 

treated adhered soil 277.1 (10.0 × 10
4 

CFU ml
-1

) which is at par with root 

washing 273.6 ( 7.7 × 10
4 

CFU ml
-1

). But when nematode was inoculated along 

with G. diazotorphicus 35-47, bacterial count reduced to 38.3 × 10
3 

CFU ml
-1 

(195.3) in root washing. 

 

3.5. External colonization pattern of G. diazotorphicus 35-47 under unsterilized 

soil conditions 

 

From the consideration of values for samples irrespective of other factors, it is 

evident that (Table 6), maximum and significantly highest bacterial count was 

recorded in ‘root washing’300.7 (12.25 × 10
3 

CFU ml
-1

) followed by ‘adhered 

soil’187.5 (35.37 × 10
3 

CFU ml
-1

) while it was minimum in ‘rhizospheric 

soil’134.0 (18.12 × 10
3
 CFU

 
ml

-1
). Effect of interactions between treatments and 

samples on bacterial counts indicated that counts were higher in G. 

diazotrophicus treated root washing 329.8
 
(14.7 × 10

3 
CFU ml

-1
). This treatment 

recorded significantly higher count in the other the two samples also i.e. adhered 

soil 197.1
 
(39.0 × 10

3 
CFU ml

-1
) and rhizospheric soil 138.1 (19.2 × 10

3
 CFU ml

-

1
) in comparison to their respective samples drawn from nematode (M. 

incognita) plus G. diazotrophicus 35-47 treated plants, indicated that nematode 

infestation reduced bacterial colonization. Data on interactions between time of 

sampling and sample suggest that bacterial count was maximum 399.9 (2.28 × 

10
5
 CFU ml

-1
) and significantly higher in root washing on 90 days of sampling 

followed by adhered soil 189.2 (3.6 × 10
4 

 CFU ml
-1

) and minimum in 

rhizosphere soil 135.4 (1.81 × 10
4 

 CFU ml
-1

) on the same day. The bacterium 

could grow well up to 90 days 311.8
 
(15.8 × 10

4
 CFU

 
ml

-1
) in unsterilised soil in 

healthy plants. However, nematode infection reduced bacterial multiplication to 

171.2
 
(30.3 × 10

3
 CFU

 
ml

-1
). 

 

3.6. Internal colonization pattern of G. diazotorphicus 35-47 under sterilized 

and unsterilized soil conditions 

 

G. diazotrophicus 35-47 applied as seed treatment was not recovered from the 

internal tissues of the surface disinfected root, stem and leaf of cotton plant 

under both soil conditions. But other bacterium was detected and was 

enumerated by plate count method in the internal tissues of the plant. Population 

of this unknown bacterium was 10
4 

-10
5 

CFU
 
g

-1 
in epidermal region, steler 

region of stem, root and also in leaf.
                   

 

 

4. Discussion 

 

G. diazotrophicus 35-47 being an endophyte of sugarcane (Dong et al. 1994) 

prefers to grow at high concentrations of glucose (up to 30%, Table 1). No 

growth was observed at concentrations higher than 30%. Therefore LGI medium 

containing 30% glucose was used for further studies on G. diazotrophicus 

(Cavalcante and Dobereiner 1988). This is also one of the important tests for 

identification of G. diazotrophicus as mentioned in Bergey’s manual of 

Systematic Bacteriology (Brenner et al. 2005). 

The plant growth (shoot and root weight) increased by inoculation of 

G. diazotrophicus 35-47 in both sterilized as well as in unsterilized soils, as 

compared to their respective control treatments (Table 2, 3). This positive effect 

on plant growth appears to be mainly because of cumulative effect, of many 

beneficial factors like nitrogen and phytohormones etc. (Fuentes-Ramirez et al. 

1993; Lery et al., 2011; Bhattacharya and Jha, 2012) and these might be helping 

the plants to have better growth with well developed root system compared to 

non-bacterized plants. Also the bacterium might be exerting positive effects on 

plant by secretion of plant growth regulators such as auxins and gibberellins that 

stimulate metabolic activities in the roots to help plant to absorb more nutrients 

by better root proliferation (Fuentes-Ramirez et al. 1993). There are several 

reports (Fuentes-Ramirez et al. 1993, Anitha et al. 2010) on the use of G. 

diazotrophicus as an inoculant singly or in combination with other 

microorganisms for better plant growth. Recently, Anitha et al. (2010) also 
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reported growth promotion in rice seedlings by inoculation of 

Gluconacetobacter diazotrophicus under in vitro conditions. 

 

 

Another factor of enhanced plant growth might be due to a reduction in root-

knot disease intensity, which otherwise deteriorates the root system, rendering 

the plants unable to absorb sufficient nutrient and water from the surrounding 

soil. Our results are in agreement with the earlier findings in bottle gourd 

infected with nematode (Meloidogyne javanica) and inoculated with G. 

diazotrophicus. The reduction in root-knot disease intensity was due to the 

paralyzing effect on the infective juveniles of root-knot nematodes (Bansal et al. 

1998).  

Inoculation with G. diazotrophicus 35-47 has also resulted in 

significant reduction in root-gall formation (Table 4). Maximum reduction in 

root gall number (89.2%) was observed on 30
th

 day of bacterial inoculation in 

sterilized soil which reduced subsequently as the nematode M. incognita 

completes its life cycle between 25-30 days thereafter, and its population 

increases tremendously due to initiation of second cycle. Several reasons for the 

reduction in root-knot disease severity have been reported: First, due to the 

production of fatty acids as observed by Cavalcante and Dobereiner (1988); 

Bansal et al. (2005). Djian et al. (1991) also reported that acetic acid seems to 

disrupt the movement of juveniles which is essentially required for the nematode 

to penetrate the host plant roots. Thus, the volatile fatty acids produced by G. 

diazotrophicus might be reducing the penetration of nematode into the cotton 

roots resulting in reduced number of galls in comparison to unbacterized control. 

Various fatty acids were found toxic to various developmental stages of plant 

parasitic nematodes (Djian et al. 1991; Bansal et al. 2003). Second reason of 

lesser nematode infection might be the bacterial growth on root surface. Once 

the bacterium occupies the root surface, grows by using the root exudates and 

excretes various metabolites, then, a micro-chemical environment, not favorable 

for the penetration of nematode is developed causing diminished attractiveness 

among nematodes towards root. Thirdly, ammonium ions produced by 

rhizobacteria are also reported to be strong repellent of M. incognita juveniles 

(Castro et al. 1990). 

Since root colonization by introduced bacterium is an important step in 

the interaction of beneficial bacterium with host plant and nematode, therefore, 

external colonization of G. diazotrophicus 35-47 on root surface was 

investigated. Our results on the population dynamics of G. diazotrophicus 35-47 

(Table 5; 6) have provided evidence for the growth and multiplication of the 

bacterium mainly on the root surface of cotton plant whereas it was absent in 

bulk soil, suggesting that bacterium can grow and colonize on rhizoplane of 

cotton roots. The unique physico-chemical and biological characteristics of the 

soils that are associated with roots, compared to the soils away from the root 

may be responsible for the enhanced microbial numbers and activity of 

microorganisms in the rhizosphere (Zaidi et al., 2009). Although, these results 

are in contrast with those of previous reports in which G. diazotrophicus 

isolation from sugarcane rhizosphere was a rare event and bacterium was 

thought to be an obligate endophyte, however, use of improved method of 

detection such as ELISA technique has indicated presence of this bacterium in 

sugarcane rhizosphere also (Li and Mac Rae 1992). The concept that G. 

diazotrophicus is an obligate endophyte and rarely or not at all grows in 

rhizosphere or on root-surface, as negated by Jimenez-Salgado et al. (1997), 

who isolated G. diazotrophicus mainly from rhizosphere of coffee plant. More 

recently, the bacterium has been found to colonize root-hairs of the common 

beans (Phaseolus vulgaris) (Trujillo-Lopez et al. 2006). Our studies suggest that 

G. diazotrophicus can grow, survive, and colonize root surface of cotton plant. 

Recovery of introduced G. diazotrophicus 35-47 mainly from the root surface 

(rhizoplane) indicates that the bacterium could reduce nematode infection by 

preventing juvenile penetration either by hiding the potential infection sites 

necessarily required for the host recognition by nematode (Ostendorp and Sikora 

1990) or by changing an micro-chemical environment on the root-surface, 

diminishing natural attractiveness towards roots essentially required for host 

root penetration by nematode (Zuckerman 1984). Although trends of bacterial 

multiplication remained same both in healthy and nematode infected cotton 

plants (Table 5; 6), but later showed lesser bacterial growth and densities 

compared to healthy roots. This has happened because nematode infection not 

only deteriorates root surface structurally (Huang 1985) but is also known to 

alter the chemical composition of the root exudates both quantitatively and 

qualitatively, thus affecting the population density of the root associated 

bacterium, as root exudates are known to affect the bacterial multiplication. 

From our results it is also evident that bacterial growth and 

multiplication was maximum in plants grown in unsterilized soil compared to 

sterilized soil (Table 5; 6). As suggested earlier, some of the rhizobacteria 

function more actively in association with other naturally occurring native 

http://insightknowledge.co.uk/fulltext/?doi=IMICRO-IK.2011.39.54#540149ja
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microorganisms rather than being in isolation and this concept seems to be true 

with G. diazotrophicus also. In this study, G. diazotrophicus 35-47 applied as 

seed treatment was recovered only from the surface of the roots of cotton plant 

and not from the internal tissues of the surface disinfected root, stem or leaf. 

These results are in contrast to those of previous reports in which the G. 

diazotrophicus has been reported to be endophytic bacterial species occurring 

predominantly in vegetatively propagated plants (Dobereiner, 1993) and was 

recovered from the inside tissues of glucose accumulating plants such as 

sugarcane (Li and Mac Rae, 1991), from few samples of roots and aerial parts of 

Pennisetum purpureum cv. Cameroon and from stem as well as roots of  sweet 

potato (Dobereiner, 1993) and in field grown pineapple (Tapia-Hernandez et al. 

2000). This species has also been isolated in lower frequencies from surface 

sterilized stems and roots of seed grown coffee plants (Jimenez-Salgado et al. 

1997). Trujillo-Lopez et al. (2006) have reported this bacterium as a surface 

colonizer of root hairs of the common beans (Phaseolus vulgaris), suggesting 

that the bacterium is not an obligate endophyte exclusively and can survive and 

colonize in rhizosphere soil as in case of rhizosphere of coffee plant (Jimenez-

Salgado et al. 1997) and in sugarcane rhizosphere soil as detected by the indirect 

enzyme linked immunosorbent assay method (Li and MacRae 1992), confirming 

the findings of this study. One of the reason of zero-recovery of this bacterium 

from inside the tissue of cotton plant is that cotton is propagated through seeds 

in contrast to vegetatively grown crops, which facilitate entry of the bacterium 

through either natural opening or through insect sap-feeders (Caballero-Mellado 

et al. 1995) or transmitted through VAM fungi as reported for sugarcane plants 

(Paula et al. 1992). Our studies indicate that G. diazotrophicus 35-47 is a root 

surface colonizer and not an endophyte of the cotton plant. 

 

5. Future prospects  

 

Root colonization by the bacterium is an important and essential step in the 

interaction of the beneficial bacterium with host-plant/nematode patho-system; 

therefore to confirm this, further studies should be done using marked strain 

(Gfp, lac Z) of G. diazotrophicus. Being one of the most important aspects, on 

biological control of nematode infection, it will also be important to study in 

detail the mechanism of reduction in root-knot disease intensity in cotton.  
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Table 1: Growth of G. diazotrophicus 35-47 on LGI containing different concentrations of glucose 

 

Sr No. Different concentrations 

of glucose 

On agar      

medium* 

In Broth ** 

 

1 5% + + 

2 10% + + 

3 15% + + 

4 20% + + 

5 25% + + 

6 30% + + 

7 35% - - 

8 40% - - 
* Growth appeared as dark orange colonies with shining surface  

**Change in colour from green to yellowish orange indicates growth 

 

Table 2: Effect of G. diazotrophicus and Nematode (Meloidogyne incognita) on shoot weight of cotton plant under sterilized and unsterilized soil conditions 
 

 

Treatment (T) 

 

Sterilized Soil Unsterilized Soil 

Average shoot weight (g/plant) 

Days (D) after sowing 

    15           30            45            90        Mean 

Average shoot weight (g/plant) 

Days(D)  after sowing 

    15           30            45           90        Mean 

G. diazotrophicus 35-47 inoculation 2.16 5.29 8.98 12.88 7.32 2.56 4.75 7.21 12.12 6.66 

Nematode application 1.44 2.47 3.67 5.95 3.33 1.22 1.86 2.38 4.47 2.49 

G. diazotrophicus 35-47 + Nematode 

application 

2.09 3.61 5.26 7.61 4.64 1.44 3.43 5.24 8.20 4.58 

Untreated Control 2.00 4.02 7.38 10.26 5.91 2.59 4.25 6.05 10.03 5.48 

Mean 1.92 3.85 6.32 9.17 - 1.70 3.57 5.22 8.70 - 
 

 (CD 5%)                                    

T = 1.00; D = 1.20; T x D = 1.81                                                       T = 1.25;  D = 1.24; T x D = 2.41 
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Table 3: Effect of G. diazotrophicus and M. incognita on root weight of cotton plant under sterilized and unsterilized soil condition 
 

 

 

 

 

 

 

                                          

 

 

  

 

(CD 5%)            

 T = 0.38;   D = 0.36; T x D = 0.48                                                                T = 0.25; D = 0.25; T x D = 0.51 

 
Table 4: Effect of G. diazotrophicus 35-47 inoculation on number of galls induced by the root-knot nematode (M. incognita) in cotton plants under sterilized and 

unsterilized soil conditions 

 

Treatment 

Sterilized Soil Unsterilized Soil 

Average number of galls/plant 

Days  after sowing 

    15           30           45            90         Mean 

Average number of galls/plant 

Days  after sowing 

    15           30            45           90         Mean 

G. diazotrophicus 35-47 inoculation - - - - - - - - - - 

Nematode application 32 53 59 75 54.7 18 44 51 84 49.2 

G. diazotrophicus 35-47 + Nematode 

application 

23 

(23.0) 

28 

(89.2) 

34 

(73.5) 

54 

(38.8) 

35.5 17 

(5.88) 

21 

(109.5) 

23 

(121.7) 

50 

(68.0) 

27.7 

Untreated Control - - - - - - - - - - 

Mean 29.0 40.5 46.5 64.5 - 17.5 32.5 37.0 67.0 - 

Figures in parentheses are % decrease over nematode treated plants at respective time intervals. 

CD (5%)       

T = 14.5; D = 20.5; T x D = 20.1                                                                 T = 09.2;  D = 13.1;  T x D = 18.5 

 

 

 

 

 

 

Treatment (T) 

Sterilized Soil Unsterilized  Soil 

Average root weight (g/plant) 

Days (D) after sowing 

    15            30           45            90        Mean 

Average root weight (g/plant) 

Days (D)  after sowing 

    15           30           45            90        Mean 

G. diazotrophicus 35-47 inoculation 0.83 2.13 4.86 6.82 3.66 0.95 1.76 3.82 5.56 3.02 

Nematode application 0.81 1.20 1.92 2.80 1.68 0.76 0.88 1.23 2.84 1.43 

G. diazotrophicus 35-47 + Nematode 

application 

0.92 1.72 2.75 3.95 2.33 0.84 1.38 1.71 3.93 1.96 

Untreated Control 0.87 1.28 2.98 4.40 2.38 0.89 1.21 2.94 4.53 2.39 

Mean 0.86 1.58 3.13 4.49 - 0.86 1.30 2.42 4.21 - 
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Table 5: Enumeration of external and internal colonisation of G. diazotrophicus 35-47 in cotton plant in sterilized soil 

Treatment 

(T) 

Sample (S) analysed for external colonization Pooled 

Mean 

(T) 

Intern

al 

coloni

sation 

(Steler

, Epi., 

Stem, 

Leaf) 

Rhizospheric soil Adhered soil Root washing 

Number of days (D) after sowing Number of days (D) after sowing Number of days (D) after sowing 

15 30 45 90 Mean 

(TxS) 

15 30 45 90 Mean 

(TxS) 

15 30 45 90 Mean 

(TxS) 

G.diazotrophicus 

35-47 + 

Nematode 

41000 

(172.3) 

126666 

(355.5) 

16000 

(126.2) 

14000 

(118.3) 

49416 

(193.1) 

83000 

(262.3) 

20000 

(141.2) 

26000 

(161.1) 

157000 

(364.2) 

71500 

(232.2) 

41333 

(203.7) 

32000 

(178.8) 

43000 

(207.1) 

37000 

(192.2) 

38333 

(195.3) 

53083 

(206.8) 

0 

G.diazotrophicus 

35-47 only 

18000 

(133.7) 

21000 

(144.7) 

27000 

(164.2) 

24000 

(154.6) 

22500 

(149.3) 

39000 

(197.4) 

274000 

(484.6) 

48000 

(219.1) 

43000 

(207.2) 

101000 

(277.1) 

69000 

(262.6) 

74000 

(271.9) 

80000 

(282.6) 

77000 

(277.4) 

75000 

(273.6) 

66166 

(233.3) 

0 

Mean (S x D) 29500 

(153.0) 

73833 

(250.1) 

21500 

(145.2) 

19000 

(136.5) 

 61000 

(229.8) 

147000 

(312.9) 

37000 

(190.1) 

100000 

(285.7) 

- 55166 

(232.8) 

53000 

(225.3) 

61500 

(244.8) 

57000 

(231.8) 

- - - 

Pooled mean (S) - - - - 35958 

(171.2) 

- - - - 86250 

(254.6) 

- - - - 56666 

(234.5) 

- - 

Figures in parentheses represent as n+1 transformed values.                                                                                                                 
               Mean (T x D) 

 

CD (5%) 
S(Sample)  = 8.04 

D(Days after sowing) = 2.93 

T(Treatment)      = 2.23 

S x  D   = 1.68 

S x T   = 4.22 

T x D   = 1.72 

S x T x D  = 7.26 

                          Pooled  mean (D) 

 

 

 

 

 

 

 

Treatment Number of days (D) after sowing 

 15 30 45 90 

G.diazotrophicus 

35-47 + Nematode 

55111 

(212.6) 

59555 

(225.2) 

28333 

(164.8) 

69333 

(224.9) 

G.diazotrophicus  

35-47 only 

42000 

(197.9) 

123000 

(300.4) 

51666 

(221.9) 

48000 

(213.1) 

Number of days (D) after sowing 

15 30 45 90 

48555 

(205.2) 

91277 

(262.8) 

40000 

(193.4) 

58666 

(219.0) 
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Table 6:  Enumeration of external and internal colonisation of G. diazotrophicus 35-47 in cotton plant  in unsterilized soil 
(Figures in parentheses represent as n+1 transformed values).       

 CD (5%)              Mean (T x D) 

S (Sample)            =            28.42      

D(Days after sowing) = 3.13  

T(Treatment)  = 2.39 

S x D   = 2.88  

S x T   = 0.67 

T x D   = 5.57 

S x T x D  = 5.33 
          

     

Pooled mean 

Number of days (D) after sowing 

15 30 45 90 

30333 

(169.6) 

71833 

(226.4) 

38333 

(192.1) 

94166 

(241.5) 

 

Treatment 
(T) 

Sample (S) analysed for external colonization Pooled 
Mean 

(T) 

Intern
al 

colon

isatio
n 

(Stele

r, 

Epi., 

Stem, 

Leaf) 

Rhizospheric soil Adhered soil Root washing 

Number of days (D) after sowing Number of days (D) after sowing Number of days (D) after sowing 

15 30 45 90 Mean 

(TxS) 

15 30 45 90 Mean 

(TxS) 

15 30 45 90 Mean 

(TxS) 

G.diazotrophicu

s  

35-47 + 
Nematode 

14000 

(118.2) 

17000 

(130.2) 

20000 

(141.2) 

17000 

(130.1) 

17000 

(129.9) 

28000 

(167.2) 

31000 

(175.8) 

36000 

(189.5) 

32000 

(178.7) 

31750 

(177.8) 

35000 

(186.8) 

268000 

(480.8) 

46000 

(214.4) 

42000 

(204.9) 

97750 

(271.7) 

48833 

(193.1) 

0 

G.diazotrophicu

s 

 35-47  

16000 

(126.2) 

18000 

(134.0) 

23000 

(151.4) 

20000 

(140.8) 

19250 

(138.1) 

35000 

(186.8) 

38000 

(194.7) 

43000 

(207.3) 

40000 

(199.8) 

39000 

(197.1) 

54000 

(232.3) 

59000 

(242.7) 

62000 

(248.9) 

414000 

(595.0) 

147250 

(329.8) 

68500 

(221.9) 

0 

Mean (SxD) 15000 

(122.2) 

17500 

(132.1) 

21500 

(146.3) 

18100 

(135.4) 

- 31500 

(177.0) 

34500 

(185.3) 

39500 

(198.4) 

36000 

(189.2) 

- 44500 

(209.6) 

163500 

(361.8) 

54000 

(231.7) 

228000 

(399.9) 

- - - 

Pooled mean 

(S) 

- - - - 18125 

(134.0) 

- - - - 35375 

(187.5) 

- - - - 122500 

(300.7) 

- - 

Treatment Number of days (D) after sowing 

 15 30 45 90 

G.diazotrophicus 

35-47 + 

Nematode 

256666 

(157.4) 

105333 

(262.3) 

34000 

(181.7) 

30333 

(171.2) 

G.diazotrophicus  

35-47 only 

35000 

(181.8) 

38333 

(190.5) 

42666 

(202.5) 

158000 

(311.8) 


