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Characterization and Categorization of Azotobacter and Related 
Microorganisms of Bangladesh Soils

s. T. KHAN, R. MANDAL, F. ALT AND A, H. M. AHMED

Department of Microbiohgv, University of Dhaka 

Department o f Soil Science, University of Dhaka 
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Free.living nitrogen fixing bacterial isolates were purified from eleven soil samples 

representing eight typical zones of Bangladesh. The isolates were categorized on the basis 

of their colonial, morphological and physic-biochemical characteristics. Only one isolate could 

not be fitted into any recognized group. The rest were the members of Azotobacter and 

Azomona.i genera.

Introduction

Nitrogenase, an inherent enzyme of a few free- 

living microorpanisms, enables them to convert 

atmospheric nitrogen into utiiizable organic form. 

This fact led many, notably, Kluyver and Beckins' 

and Panosyan et aP. to explore the possibility 

o f its agro-economic use. However, Szegi and 

Timar’ unfolded the importance, activity and func­

tion o f free-living nitrogen fixers. The genus 

A:otnbicler is of wide occurrence in soil and 

water except in polar regions and are highly 

pleomorphic*. Several species of Azolobacter have 

so far been described’ "’ . The nitrogen fixing 

capacity of Azotobacter and related groups mainly 

depend on carbon and energy source*. Biologi­

cal nitrogen fixation is a function of the type 

of the inicroorganisms, and the physical and 

chemical conditions of the soil.

Bangladesh being a tropical country, non- 

symbiotic nitrogen fixation and its impact on 

agriculture seems to be promising®,” . However, 

till to-date, there is no published work on the 

characterization and categorization of the micro­

organisms of the genera Azotobacter and related 

groups in our soils. The present investigation is 

an attempt towards that end.

Experimental

Soil samples were collected ( 0-15 cm depth ) 

from various agro-climatic zones of Bangladesh,

The soil samples were air dried, ground and passed 

through 2mm seive. The soils were mostly cal- 

carious and cultivated having pH range between 

6.1 and 8.4. The soils were silty loam to silty 

clay loam in texture.

Ten gram soil with 90 ml sterile distilled water 

in a 500 ml Erlenmeyer flask was shaken for 

10 minutes in a reciprocating shaker and ten 

fold dilutions were made up to 10

A modified Ashby’s nitrogen free agar medium'* 

in petridishes was inoculated with 0 .2  ml of each 

dilution and incubated at 30®C for 7 days. Large 

(3-5 mm diameter) colonies were subcultured 

and the process continued until uniform and iden­

tical to the parent colonies were obtained. They 

were then transferred to slants using the same 

medium. The isolates from the slants were main­

tained as mother culture. Becking’s medium** 

was used for the isolation of acid tolerant d in i­

trogen fixers. The plates were observed daily for 

growth. The isolates were designated A, B, C, D ,

E, F, G , H , I, J  and K corresponding to soils of 

eleven different locations.

Characterizations were made by wet mounts 

for shape and size, hanging drop for motility, 

dilute iodine solution for starch granules, sudan 

black for lip id, 30% HjOa for catalase. Gram 

reaction and sporulation were observed following 

standard methods**.
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Carbohydrate utilization and fermentation tests 

were performed using 1% eacli o f glucose, sucrose, 

xylose, rhamnose, arabinose, sorbose, lactose, 

maltose, galactose, mannose, mannitol and starch. 

Citrat; utilization and gelation hydrolysis tests 

were done using 0.2% and 0.5% respectively on 

the basal medium. Nitrate reduction and indole 

production wera observed following methods as 

detailed by Harrigan and McCance'*. The 

tolerance of hydrogen ion concentrations at pH 5.5,

6.5, 7.5 and 9.0 was studied by assessing growth.

Results and Discussioa

Colonial, morphological and various physio- 

biochemical characteristics o f eight isolates of the 

Azotobacterin group were examined (Table I and II) .

Characteritics o f  the isolates

Colony : The colony size of the isolates varied 

from 1.5-4.0 mm in diameter (Table I). The eleva­

tions of the colonies were umbonate for isolate 

A, pulvinate for isolates B and K , convex for 

isolates C, D and H , and flat for isolates E and

G . The consistency and optical character of the 

colonies varied widely (Table I). The colony of 

A  was somewhat dilTerent from others ; its con­

sistency was lentyrous with dull white appearance. 

Colonies of B and K were respectively viscous- 

transparent and highly viscous-translucent. The 

isolate K particularly produced tenacious gum­

like substance and when pulled by a needle, the 

growth followed like a thread. The colonies of 

isolate C was less spreading and dull white with 

solt consistency. The isolates D  and H  were 

near opaque with copious slime while E and G 

were opaque with moderate slime.

Figment : Variations in pigmentation o f the 

colonies reflected the possible variability in the 

isolates’ (Table I ) .  The colour intensity reached 

maximum at around 2 0-day incubation with no 

appreciable change thereafter. The colonies of B 

andK  were conspicuously nonpigment formers. The 

pigments ranged from light brown to dark brown 

except for C which, however, imparted light brown 

to pale pink shades that diffused into agar slants.

Morphology : The cells of the isolates varied 

widely in shape and size where B was a perfect

rod, A  and C  were coccoid to oval while the 

rest were coccoid (Table I). However, all o f them 

were non-spore former and noncapsulated except 

for B and C. The isolates showed variability 

in motality while the isolate K was highly motile.

Physio-biochemical reactions : The utilization 

o f carbohydrates by the isolates varied to a degree 

that manifested distinguishable metabolic char­

acter intrinsic to a particular isolate. Xylose 

and mannose were found to be poor carbon sour­

ces for all the isolates (Table II) . The isolates 

C , E and G  on rhamnose and B, C, D  and H 

on starch failed to grow while rest o f the isolates 

utilized most o f the carbohydrates. A ll o f them 

were catalase positive and Gram negative, reduced 

nitrate to nitrite (but not to elemental N ), pro­

duced no indole, utilized citrate, hydrolyzed starch 

(isolates A, C, E, G )  and gelatin (Table II )  and 

except for B and K , they were devoid of lipid 

granules (Table II ) .

The isolates were found to be sensitive to 

low pH and seemed to be more susceptible to 

acidity than to alkalinity (Table II) . Most of them 

could not survive at pH  5.5 grow well at pH

7.5. Only two isolates (H  and K ) survived at 

pH 9.0. It is suggested that the isolates could form 

diverse species o f the genus Azotobacier or may 

represent separate genera.

It could be reckond from the colonial mor­

phology and growth characteristics of the isolates 

that much heterogeneity was manifested amongst 

the isolates. Based on colonial, morphological 

and biochemical evidences, the isolates were clas­

sified into five different groups.

Group J and I I I The isolates A , D , E, G  and 

H  synthesized water insoluble brown pigment and 

may possibly be placed under the genus Azotobac- 
ter. Among them, isolates A, E and G  utilized 

starch, formed cyst, failed to grow on rhamnose 

which could be considered as a distinguishing 

feature of Azotobacter chroococcum^• However, 

the isolate A could be a variant o f Azotobacter 
chroococcum as manifested from its slightly d i­

fferent colony character and poor utilization of 

rhamnose.
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Table I I .  Physio-biochemical characteristics of the isolates
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Isolates B C__________ D  E

Carbnhvdrate utilizatiot,
H K

Glucose A + + A + + A + + A + + A + + A -F + A + + A + 'h

Sucrose A + + Al -L-L A l + + N  + + Al + + A -i--f A l + + N + +

Arabinose A + + A + + A + + A + A + + A +4- A + + A -h +

Rhamnose A A + + A- A + + A - A — N +  + A + + +

Maltose A + + A + + A +-!- A 4- A + + N + + + A l +-1- + N J- + +

Lactose A + +  + A + + A + + A +  + A + + A + + N  + + + N 1 + +

Mannose A + A A + A + A + A # A l J- A -1-

Starch A l + + + Al - Al - N  + + Al + + N +  + A1 - A I+  + -;-

Mannitol A  + + + A + + Al + + -I- A  -f -1- A + + + A + + -h A + + + A l I--1- +

Xylose A + A + A + A H- A + A + A + A -!-

Galactose A + + A -1- A +-I- A A + + A + + A -f + A

Biochemical reactions

Gram reaction — — — — — — — —

Lipid — + — — — —

Catalase + + ■r + + -1- -L +

Nitrate "j + + + -t- + -X-1

reduction

Indole — — — — — — - —

Citrate 1
1

1
+ + -r -L _L

Gelatin — — — — — — — —

hydrolysis

Starch + — + - + - -

hydrolysis

pH  tolerance

5,5 _ _ -- _ _

6.5 + + + + + + + + -I-

7.5 +  +  + +  +  + -^ +  + +  +  + +  +  + -h + + +  +  + +  +
90 — — — — — — + +

A =  acidity ; Al alkalinity ; N f= jneutra l ; 

— =  negative ; + =  positive
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The isolates D  and H  could not utilize starch, 

but typically grew on rhamnose suggesting their 

similarity to Azotobacter vinelandii, the only 

species that is capable of utilizing rhamnose’ . 

Light brown to grey brown diffusible pigment 

formation by them was also a characteristic feature 

o f Azotobacter vinelandii’’.

Group Til: The isolate B was a non-motile, 

contained granules, produced profuse slime than 

those of A, E and G , but its nonpigmented dome­

shaped colonies anJ pH growth in acidic pH 

indicated that it might probably be a member of 

the species Azotobacter heijerinckii^.

Group I V : Formation of light brown to pale 

pink water soluble pigment was an interesting 

feature of the capsuiated isolate C. It appears 

from its failure to utilize starch and rhamnose, 

that this isolate might represent the genus 

Azomonus and the species A, macrocytegenes^,’’.

Group V ; The isolate K produced certain unique 

properties different from those described earlier. 

The isolate had rounded ends, contained intra­

cellular granules of PHB and was vigorously 

motile. The colonies were transparent and raised, 

produced copious tenacious and elastic slime. The 

elastic and tough colonies were difficult to remove 

by pulling with a needle. Unlike Azotobacter and 

Azomonas, the isolate K did not grow on plain 

peptone agar. From the characteristics manifested 

in this investigation, it is suggested that the isolate 

K resembles the characteristics o f the genus 

Beijerinckia'. Pending more data and further 

developments, the genus Beijerinckia is at the 

moment listed under the noncommital category

“ Other genera” ^  Further studies on genetics and 

molecular biology of the isolates are warranted 

before confirming genus/species status to the 

isolates.
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EFFECT OF CHLORIDES OF COBALT, N ICKEL AND COPPER ON N ITRIFICAT ION  

IN PEAT

R. Manual* and J. W. Parsons 

Department o f Soil Science, University o f Aberdeen, AB9 2UE, Scotland, U.K.

(Rcccivcd April 3. 1989; revised September 27, 1989)

Mineralization of N in ihe presence ofO to 2000 mg kg ' each of Co. Ni and Cu as chlorides in peat was studied.

Tliese s;dts of metals did not produce any significant change in tlie proccss of niLrificalion and ammonificalion up to 40 

and 50 days respectively. However, lliereafter tlie general trend was forNH^-N to decrease up to 110 days as (NOj+NOj)- 

N accumulated. Nitrificaiion was increasingly sujipressed as tlie Co, Ni and Cu were increa.<ed, cs[x;cially with the 

highest level of Cu where NH^-N remained high and (N0j+N0j)-N remained at about the initial level suggesting tliat 

niliificalion was virtually prevented. Between 110 and 130 days of incubation ammonificalion increased slightly in all 

Irealjnetits but nitrification showed an unexplained flush at the highest level of applied Cu.

Key words; Peat, Nitrification, Heavy metals.

P»k. j. scL iixJ. res. vol. 32, no. 9, September 1989

Inlroduction

It is v/cU csublishccl that heavy metals arc highly toxic 

and can cause serious hazards in the soil-plant-animal system. 

Heavy metals may originate from deliberate application to 

corrcct deficiencies, as pcsticides or from industrial waste and 

sewage [1], As no information is available it may be 

interesting to see what could be the course of their reactions on 

nitrification in soil.

However, studies on the role metal ions in soils are 

difficult to plan and put into practice in selecting a correct soil 

environment conditions. In soils tliese elements arc strongly 

chelald by organic matter and their availability is chielly 

regulated by pH. At normal pH values in mineral soils liiey 

bccome insoluble while at low pH tlie solubility is at maximal. 

An acid peat was chosen as tJie suitable medium bccause of its 

low metal content to study tJic effect of chlorides of Co, Ni and 

Cu on nitrification.

MateriaLs and Methods

Commercially available Fisons peat (II) originally 

derived from Somerset was air-dried ajid passed through 2 

mm sieve. The physical and chemical characteristics of the 

peat are presented in Table 1.

For this experiment a different commercial samide of 

peat was used with an initial pH of 4.4 comp;ucd to that of 3.4 

for tlie sample used in tlie previous two papers. So 

comparisons arc not feasible. Its organic matter content of 

72% (C X 1.72) is similar and its C/N ratio is 30 compared to 

36 for tlie Red Moss peat but its (N0j+N0j)-N is considerably 

higher 90 compared lo 7. Its available P is also considerably 

lower 0.28 compaied to 1.58.

* C/o Dr. A.H. Moinuddin Ahmcil, 28/iUssaKh.-ui Road, Dhaka Univcrsiiy 
Staff Quarters. Ranvia, Dhaka-1000. Uaytliidcsh.

Three concentrations of each of Co, Ni and Cu aschloridc 

in addition to one conu-ol trciUment. in duplicate, were used. 

Aqueous solution of each salt of metal was applied separately 

at the rate of 500,1000 and 2000 mg kg'* peat. Samples treated 

with salts received lime as estimated from pH lime curve to 

maintain the initial pH of 4.40. The experiment was arranged 

according to a randomized block design.

Portions of air-dry peat (50 g) were weighed into a series 

of clean-dry 500 ml conical flasks and incubated at 50% WHC 

at 25“ with "clingfilm” covering. A constant moisture content 

was maintained gravimeuically removing the "clingfilm" 

cover for 5 mine each day in order to make up the loss of water 

and provide aeration.

Peat samples (5 g) were collected, in duplicate, every 10 

days up lo 70 followed by 20 days intervals up lo 130 days. 

These samples were extracted with IM  KCl and tlicextracts 

analyzed for NH^-N and (NOj-hNO j)-N using a Tcchnicon 

Auto-Analyzer.

Ta h u ! 1. G i;n i:r a i, CMARAcri-j<Lsncs of the P iv t̂ Exam in kd .

Sample pH WHC Org.C Total N C/N CEC

Percent ratio ineq kg ‘ 

peat

Fisons 

Peat (11)

4.40 287 41.9 1.39 30 928.5

Available KCl exch. cations

NH^-N NOj+NO,)-N P Co Ni Cu

m gkg'peai

18.9 W.O 0.28 bdl bdl 2.66

1x11 ^ l>cl()w deicciion liniit.
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pH was measured with a combined glass/calomcl 

eleclrodc using a pH melcr from a saluralion past in ihc 

beginning and al the end. Organic carbon was determined by 

wet oxidation mettiod (2], total N by Kjeldahl procedure, CEC 

by IM  NH^OAc (pH 7.0) and IM  KCl exchangeable Co, Ni 

and Cu by atomic absorption spectrophotometer (Shandon 

Southern Model A 34(X)). 0.5 M acetic acid [3] extractablc P 

was c.stiniateti coiorimetrically using a Cecil Spectro­

photometer (Model E 272).

Results

Figure 1A (Co), 2A (N i) and 3 A (Cu) show tliat release of 

NH^-N increased rapidly up to 20 days of incubation, declined 

slightly up to 30 days in most of the treatments and then 

decreased gradually up to 90 days until it became nil for each 

salt of metals in two treatments (0 and 500 mg kg '). The 

decrease in NH^-N continued up to 110 days in samples treated 

with 1000 mg salt of metal kg-’ . Addition of2000mgsaltof 

metal kg ' showed almost a steady state in NH^-N between 50 

and 110 days. After 110 days a significant Hush in NII^-N in 

ail the treaunents was observed. None of the salts of metals 

showed any significant effects up to 50 days.

Figure 1B (Co), 2B (Ni) and 3B (Cu) show that the trend 

of accumulation of (N0 2+N0 j)-N up to 40 days was similar to

Fig. 1. Changes in NI l̂ +N (A) and (NO,+NO,)-N (B) as iriflucnccd by 

CoQj during acrobic incubalion of Fisons peal (II).

IM KCl was used bccause no signifi between IM and 2M KCl results was 

observed.

Fig. 2. Changes in NI 1,-N (A) and (NOj+NO,)-N (B) as influenced by NiClj 

during aerobic incubation of Fisons peal (U). Ixgends : sec Fig. I .

Days of incubation

Fig. 3. Chwges in NI 1,-N (A) and NOj+NOj)-N (H) as influenced by CuCI, 

during acrobic incubalion of Fisons peal (II). legends ; ' ec Fig. I .
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lhat of NII^-N (Figs. 1A-3A), Uicrc being no signilicaJU 

supi)rcssiuii of iiitrificalion (Tabic 2). Between 50 and 110 

clays niuil icaliun increased stcadly in the 0 and 500 mg salt of 

melal ucaunenls but it was significanily and increasingly 

inhibited at the higher levels (Tabic 2). None of the salts of 

mctiils at the concentration 2 0 0 0 mg kg 'completely curtailed 

nitrification which remained neiirly constiuit from 50 to 110 

days but Ni showed a slight increase and Cu a greater increase 

in niuificaiion at 130 days. By tlie end of the experiment in the 

control and 1000 mg kg 'o f Cu the amount of (N0j+N0j)-N 

declined after 1 1 0  days.

T a u i j ;  2 .  S x A n s T i C A L  T r e a i \ i e . n t  o f  t h e  D a t a  (LSD) a t  5 % .

Discussion

As reg;irds Cu toxicity, Peremi and Cornfield [4] rc|x)rtod 

lhat excess of Cu (10(XX) mg kg ' ) causcd significant reduction 

in nitrification. Similar views were also expressed by Tyler 

[5J. Lipman and Bericks [6 ] showed tJiat a tolerable range of 

Cu was ICX) mg kg ' soil and above that was detrimental for 

niuification. It has Ixjen noted that mineral-N showci' m! 

unusual flush at 130 days in salt treated samples exccpt one 

trciitment where 10(X) mg kg ' Cu was added.
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sciiolarship from the Association of Commonwealth 

University.

Treat­ N Days of incul)alion
Kefcrcnces

ment 50 60 70 90 110 130
1 . F.A.M. Dc llaan and G.H. Bolt, Pollution in the

'Nil-N ns 2.50 2.00 1,81 ** 1.95
Encyclopedia o f Soil Scicnce, ed. R. W. Fairbridge and

Co

4
C.W. Finkl. Jr. (Dwodcn, llutchinsons and Ross, Inc.,

(N(),^N()3)-N 2.41 4.92 3.2 1.11 3.41 4.25 1979), Part 1., pp. 386-390.

Nli,-N ns 3.78 3.01 4.00 * * 2.44 2 . J. Tins ley,/\ Manual oj Experiments (Department of Soil

Ni Scicnce, University of Aberdeen, ScoUand, U.K., 1970;.

(NO j4NOj)-N 2.55 2.88 5.26 1.81 6.55 7.12 3. H. G. Williams and A.B. Stewart, J. Soc. Cheni. Indtist.,

Nli^-N ns 4.05 5.62 3.78 * * 3J\ 60,291 (1941).
Cu 4. P. R. Premi and A. H. Cornfield, Gcodcrma., 3, 233

(N0 ,+N0 3)-N 4.61 5.55 6.66 7.51 7.22 5.55

5.

(1969-70).

G. Tyler, Nature., 255, 701 (1975).

0  10 4 0  d a y s  n o t  s i g n i f i c a n t ,  n s  =  n o t  s i g n i f i c a n t ,  *♦  =  n o t  d o n e . Sci., 1,495 (1917).




