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ABSTRACT 

The objective of the study was to determine the most suitable cyst forming media in liquid conditions. 

Encystation in Azospirillum brasilense Cd was observed by using routine laboratory staining and microscopy. 

Best encystment occurred in liquid or semisolid media containing fructose (8 mM) and KNO3(0.5 mM). The 

encysted forms consisted of a central body filled with poly-β -hydroxybutyric acid granules, an electron-

transparent intine like region,and a thick outer layer. The polymer content of the cells increased sharply and 

reached maximum on the 2nd day of growth followed by a gradual decline as the culture aged. Further they 

were subjected to heat treatment and stained to verify that these are cysts. 
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I. INTRODUCTION 

The free-living nitrogen-fixing rhizobacteria of genus Azospirillum lives in close association with plant roots 

and may have many beneficial effects on plant growth and yield of agroeconomic crops [1,2]. The cells of 

Azospirillum  brasilense  possess the capacity to aggregate and flocculate, and this makes it’s dispersal and 

survival in soil easier.[3,4]. There is a direct correlation between the secretion of exopolysaccharides  and 

flocculation in Azospirillum brasilense and Azospirillum lipoferum [4] .  Azospirilla are particularly 

responsive to variations in the carbon:nitrogen  (C:N) ratio. Rich media with a low C:N ratio tend to promote 

the growth mode, whereas high C:N ratio tend to aggregate and flocculant [4-8]. 

The medium for consistent induction of aggregation of Azospirillum brasilense cells was developed and the 

physical and chemical effects in various growth media was studied in detail. Growth of Azospirillum 

brasilense strain Cd  in  a  medium with  a  high  C:N  ratio  using fructose and  ammonium chloride as  C  

and  N  sources, respectively, respectively resulted in flocculation visible to the naked eye after 24 hours 

whereas no cell aggregates were formed after 72 hours of growth in a low C:N medium. The concentration of 

EPS produced by different strains of Azospirillum brasilense [9-12]. 
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Hence the present study was based to determine the best liquid medium to produce cysts of Azospirillum in 

liquid conditions which can  withstand high temperatures. The production of cysts was done by staining 

and measuring the polybutyrate content of the cysts [13-14]. 

 

II. MATERIAL AND METHODS Bacterial strain and growth conditions 

For  the  present  research  work,  Azospirillum  brasilence  standard  Cd  culture  procured  from  Banaras  

Hindu University, Varanasi were maintained on malate medium slants with ammonium chloride (1g/lit.). 

Screening of the most suitable cyst forming media for  Azospirillum in liquid conditions. Cyst 

Induction in a suitable liquid culture medium. 

For  this  experiment,  Azospirillum  brasilence  standard  Cd  culture  in  the  late  log  phase  was  

harvested  by centrifugation. The cell pellets were washed twice with sterile saline water and finally dissolved 

in the same. This was used as initial inoculum for all the experiments. 

Cyst induction experiments such as reduced carbon source, incorporation of calcium carbonate in the 

growth medium and addition of organic compounds like butanol in the liquid medium failed to induce cyst 

induction suggesting  that  these  compounds  are  not  suitable  for  cyst  induction  in  Cd  culture.  However  

in  modified Dobereiner’s medium containing 8 mM fructose and 0.5 mM potassium nitrate, the PHB 

formation was found to be highest (48.68 µg/ml) and cyst formation also occurred in large number as 

compared to control flask containing malate medium with and without ammonium chloride (Table 8). Similar 

reports were given by Aruna etal., 1992; Sadasivam and Neyra, 1985, 1987). They reported that by growing 

Azospirillum in the presence of fructose and potassium nitrate as the carbon and nitrogen source respectively, 

the synthesis of exocellular polysaccharides is promoted to induce the formation of cell aggregates and cysts. 

Cystic cells rich in PHB survive better than those without PHB (Assmus et al., 1995; Oliveira and de Souza; 

1991; Zaady et al., 1993). Direct relationship between the cyst formation and the accumulation of PHB in 

Azotobacter vinelandii was also investigated by Stevenson and Socolofsky, (1966). They reported that in the 

presence of exogenous carbon source in the medium and absence of nitrogen, N-fixing bacteria such as 

Azotobacter vinelandii use the exogenous carbon faster than they can fix atmospheric nitrogen. Consequently 

cells accumulate larger amounts of PHB, a non-nitrogenous material however when ammonium chloride is 

added to the medium, the organisms convert the carbon source to nitrogenous and accumulate less PHB. They 

also reported that the PHB content of the cells is higher when the medium is not supplemented with nitrogen 

source whereas when combined nitrogen (NH4Cl) is available in the medium, the PHB content is decreased. 

It is also found that bacteria grown in batch culture accumulates about 75% of PHB by their dry weight 

which functions as a carbon and energy source and is degraded under conditions of stress and starvation. 

Thermal death resistance and thermal death time of Azospirillum. 

Thermal death resistance temperature. 

Culture subjected to different temperatures for 60 minutes were plated and incubated. Colony growth was seen 

when the cultures exposed to 500C, 550C and 600C were plated. 
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III. THERMAL DEATH TIME 

The colonies were observed on LB plates which were subjected to heat treatment in water bath at 500C for 

10, 20, 30, 40, 50, 60, 70, 80 and 90 minutes.  Colonies were observed only in flasks subjected to heat treat 

ment at 500Cfor 50 minutes. However, no growth was observed on plates when the aliquots from flasks 

subjected to 60-90 minutes heat treatment were plated. 

 

IV. RESULTS 

Thermal death temperature and thermal death time of Azospirillum brasilense, Cd strain. 

To differentiate between the vegatative and the cysts cells of Azospirillum the thermal death temperature and 

death time were determined. It was found that the log phase cultures could not withstand 500C for the period of 

60 minutes suggesting that the thresshold temperature of vegetative cells of Azospirillum brasilence, Cd  

culture is 500C beyond which only cysts cells will survive in the medium. 

4.1   Cyst induction in Azospirillum 

The experiments conducted using reduced carbon source, by incorporation of organic compound such as 

butanol in the medium or by adding calcium carbonate in the growth medium failed to induce cyst formation 

as no colonies were observed when the treatments were subjected to heat at 500C for 60 minutes in the water 

bath. However, colonies were observed on the plates both before and after heat treatment at 500C for 60 

minutes from the flasks containing DB medium with 8 mM fructose and 0.5 mM potassium nitrate as carbon 

and nitrogen source respectively. Similar observations were made in malate medium with and without 

ammonium chloride but with lower log cfu values. The log cfu values before heat treatment in DB, malate 

medium without ammonium chloride and malate medium with ammonium chloride were observed to be 7.19, 

5.95 and 6.00 and cfu count of 6.18, 4.87 and 3.95 after heat treatment respectively (Table 8). 

PHB was found to be 48.68 µg/ml in the Modified DB medium. However in the malate medium with and 

without ammonium chloride it was found to be 22.18 and 22.85 µg/ml respectively (Table 8). 

Cyst staining with Neutral red and Light green also confirmed the above results. Under the microscope, the 

outer layer of vegetative cell stained greenish in colour whereas the cysts took a brownish hue (Plate 4 a and b). 

Modified DB medium containing 8 mM fructose and 0.5 mM potassium nitrate and N -free malate medium 

(Nfb) broth amended with trehalose at 5mM and 10 mM concentration, glycerol at 5 mM and 10 mM, PVP at 

1% and 2%, either separately or in combinations i.e., 5C (5mM trehalose+5 mM glycerol+1% PVP) and 10C 

(10 mM trehalose+10 mM glycerol+2% PVP) were used to develop a liquid formulation. 

The log cfu count (4.44) and PHB content (24.61 µg/ml) of Azospirillum brasilense, Cd culture after six 

months were recorded to be maximum in DB medium containing 8 mM fructose and 0.5 mM potassium nitrate 

as compared to other treatments and control (N-free broth without any chemical amendment). However the 

results were not found to  be  significant  when  compared  with  the  best  media  supporting the  shelf  life  of  

Azospirillum, i.e.,  5  mM concentration of trehalose in malate medium without ammonium chloride in which the 

log cfu count (3.08) and PHB content (14.55 µg/ml) were recorded after six months period. his experiment, 

glycerol, EDTA, PVP and trehalose were used at different concentrations in sterile water. 
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Table 1.    Log cfu values and PHB content in DB medium, malate medium without ammonium 

chloride and malate medium with ammonium chloride after 48 hours of growth. 

Culture Medium Log  cfu  value  before  heat 

treatment 

Log   cfu   value   after   heat 

treatment 

PHB content (µg/ml) 

expressed as crotonic acid 

 

DB Medium 

 

7.19 

 

6.18 

 

48.68 

 

Malate Medium without 

ammonium chloride 

 

5.95 

 

4.87 

 

28.85 

 

Malate   Medium   with 

ammonium chloride 

 

6.00 

 

3.95 

 

22.18 

 

CD at 5%                               0.012                                          0.028                                                    1.865 

Table 2. Log cfu values and PHB content of  Azospirillum in different liquid culture 

media at monthly intervals. 

No. of days 30 day s 60 day s 90 day s 120 day s 150 day s 180 day s 

Treatments Log 

cfu 

PHB 

(µg/ml 

) 

Log 

cfu 

PHB 

(µg/ml 

) 

Log 

cfu 

PHB 

(µg/ml 

) 

Log 

cfu 

PHB 

(µg/ml 

) 

Log 

cfu 

PHB 

(µg/ml 

) 

Log 

cfu 

PHB 

(µg/ml 

) D B Medium 7.50 58.95 6.55 47.40 6.29 41.55 4.91 26.20 4.59 25.30 4.44 24.61 

5 mM 

Trehalose. 

7.28 56.45 6.45 47.52 5.80 41.40 4.48 24.82 4.17 23.35 3.08 14.55 

10 mM 

Trehalose 

7.42 57.65 6.53 49.90 6.17 40.46 4.51 24.82 4.34 24.10 3.25 15.05 

5 mM 

Glycerol 

7.21 56.55 6.37 47.40 5.07 26.77 3.90 20.35 3.46 16.53 3.05 14.31 

10 mM 

Glycerol 

7.46 57.55 6.45 45.80 5.15 28.30 4.35 24.05 3.66 19.25 2.02 13.15 

1 % PVP 7.39 56.75 6.27 41.96 4.99 26.17 3.93 19.60 2.74 13.30 0.00 0.00 

2 % PVP 7.18 55.02 6.60 47.70 5.71 31.45 4.27 24.04 3.20 16.89 2.05 10.50 

5C(5mMtre+ 

5mMgly+1 

PVP) 

6.38 45.65 5.37 34.76 5.07 25.80 2.24 11.41 0.00 0.00 0.00 0.00 

10C(10mMtr 

e+ 

10mMgly+2 

% PVP) 

6.41 49.50 5.44 35.55 4.88 28.25 2.60 13.80 0.00 0.00 0.00 0.00 

Control 6.13 40.75 4.28 24.00 2.45 13.25 0.00 0.00 0.00 0.00 0.00 0.00 

CD at 5 %       0.278     3.632     0.759      5.249   0.413   7.306    0.457  2.743      0.538   3.519     0.407   1.695
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Figure 1(a) Log cfu values of DB medium and malate medium without ammonium chloride 

containing osmoprotectants at different concentrations. 

 

Figure 1(b). PHB content of cells in µg/ml in DB medium and malate medium without  

ammonium chloride containing osmoprotectants at different concentrations. 

Note-    5C denotes (5mM treh. + 5mM gly. + 1% PVP) in N-free malate medium. 

10 C denotes (10mM treh. + 10mM gly. + 2% PVP) in N-free malate medium. 

 

V. DISCUSSION 

In the study period of three months, among all the osmoprotectants used viz., glycerol (1M, 2M and 3M); 

EDTA (100 µM, 200 µM and 400 µM); trehalose (50 µM, 100 µM and 200 µM) and PVP (100 µM, 200 µM 

and 400 µM), the highest cfu values were obtained  at 50 µM trehalose  concentration in sterile water 
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(Table 6). The possible reason for the maintenance of higher population in DB medium may be attributed to 

the higher amount of PHB content in the medium which serves as an electron and carbon sink and also 

functions as an energy source by degrading  under  conditions  of  stress  and  starvation. Tal  and  Okon,  

(1985)  also  reported  that  the  ability  of Azospirillum brasilense to tolerate various stress was affected by 

the lack of PHB accumulation which resulted in lower stress endurance 

The role of PHB as an intracellular energy and carbon storage compound, which can enhance the survival 

during storage of bioinoculants, under suboptimal conditions, such as lack of moisture, heat stress and limited 

available carbon source has been examined in various other bacteria. In field experiments carried out in 

Mexico with maize and wheat, better and more consistent results were obtained when peat inoculants prepared 

with PHB-rich Azospirillum cells were used by Fallik and Okon, 1996 and Dobbelaere et al., 2001 

respectively. Hense it can be concluded that PHB rich formulations have better shelf life as compared to other 

formulations. Another reason that makes PHB rich formulations more suitable as bioinoculants is the 

presence of  nitrogenase enzyme, a prerequsite for nitrogen fixation activity, which is much more in PHB-rich 

bacteria (Paper and Werner, 1980 and 1982; Tal and Okon  (1985).  Moreover  the  possible  role  of  PHB  in  

Azospirillum  may  be  in  the  regulation  of  the  oxygen environment for nitrogen fixation and also in 

permitting the cells to increase their oxidative activity (respiratory protection) in the absence of exogenous 

substrate (Tal and Okon 1965). All this accounts for the better suitability of DB medium for the liquid 

formulations in which cysts are formed in maximum number and accumulate maximum amount of PHB 

which serves as a source of energy under stress conditions. 
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