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Abstract: A comparative study on the cyanobacterial isolates, Anabaena ambigua Rao (A100) and

Oscillatoria foreaui Fremy (A1340) were carried out to investigate the response of an organophosphorus

insecticide Divap 100 at different concentrations of 1, 5 and 10ppm on the growth and release of

extracellular products such as protein, nitrogen, ammonia, carbohydrates, amino acids and phenols. The

experiment was conducted up to 28 days and observed at intervals of 4 days, which showed to be

deleteriously affecting the release of these extracellular products in both the organisms. However, in A.

ambigua, the release of extracellular products was affected at higher concentrations of 5 and 10ppm of

Divap 100. It also revealed that these products were released in higher amounts only at late exponential

phases even in untreated control conditions in both the isolates.
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INTRODUCTION

The responses of Cyanobacteria have been studied

individually and in combination to pesticides ever since

last five decades . Cyanobacteria have been[1 ,2 ,3 ,4 ,5]

proved to resist the action of some pesticides . The[6]

toxicity of BHC, Lindane and Endrin towards nitrogen

fixing cyanobacteria- Cylindrospermum  sp., Aulosira

fertilissima and Plectonema boryanum have been

studied, in which, A. fertilissima and P. boryanum were

comparatively more resistant than Cylindrospermum .

However, in another study  the pesticides like[7]

Dimecron-100, Ekaluk-EC and Dithane were revealed

to be more toxic to heterocystous cyanobacteria at

higher concentrations but their survival could be

noticed at lower concentrations. Effect of Carbamate

insecticide Sevin (50% w/v) examined on the survival,

growth and nitrogen fixation of Anabaena sp. and

Westiellopsis prolifica, proved that the lower

concentration of insecticide (10 µg mL ) increased-1

survival, growth and nitrogen fixation while higher

concentration (>50 µg mL ) showed an inhibitory-1

effect . [8]

The maximum tolerance o f unice llular

c y a n o b a c t e r i u m -  A n a c y s t i s  n i d u l a n s  t o

organophosphorous insecticide Demeton  studied[9]

revealed that at 500 µg mL of demeton inhibited the-1  

growth of organism after 20 days indicating its delayed

effect. In another investigation , the survival of[10]

cyanobacterial isolates, Lyngbya major, Gloeocapsa

atrata, Calothrix parietina and Scytonema pascheri

prolonged the growth for longer duration even at higher

concentrations of 1000, 500 and 250 ppm of carbamate

and organophosphate respectively. However, it is also

proved to affect the organism even at concentration of

10ppm by carbaryl , which proved to be lethal to[11]

Anabaena variabilis at the same time stimulated the

growth in species of Anabaena and Nostoc at lower

concentrations of Carbofuran .  [12]

Perhaps, it is evident that many pesticides at the

recommended field application have had none or

accelerating effect on growth of cyanobacteria but may

affect  various physiological processes like[1 3 ]

nitrogenase activity, photosynthesis, carbon fixation and

enzymes of assimilatory nitrate reduction and ammonia

assimilation in cyanobacteria. In this perception an

investigation was carried out to study the response of

commercial organophosphrous insecticide-Divap 100 at

the concentrations of 1, 5 and 10 ppm on the growth,

prote in  and  re lea se  of n itrogen, ammonia ,

carbohydrates, amino acids and phenolic compounds for

every four days up to twenty eight days.
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MATERIALS AND METHODS

Pure cultures of Anabaena ambigua Rao (A100),

a heterocystous form and Oscillatoria foreaui Fremy

(A1340), a non-heterocystous form was obtained from

the Culture Collection of Algae, CAS in Botany,

University of Madras and grown photoautotrophically

11in BG  medium  under controlled illumination of[14]

40µEm s  at 27±1°C. A. ambigua was maintained in-2 -1

11nitrogen free BG  medium while, O. foreaui was

maintained in combined source of nitrogen amended

11BG  medium. The organisms were subjected to

concentrations of 1, 5 and 10ppm of organophosphorus

insecticide Divap 100 (active ingredient-Dichlorovosl

chemical name-O,O-dimethyl o-2,2-dichlorovinyl

phosphate).

Samples were taken after every four days up to

twenty  eight days for the determination of

Chlorophyll-a , extracellular protein , release of[15] [16]

nitrogen , ammonia , Carbohydrates , amino[1 7 ] [18] [1 9 ]

acids  and phenol .[20] [21]

RESULTS AND DISCUSSIONS

Growth: Growth in terms of Chlorophyll-a was

affected in both isolates. However A. ambigua showed

maximum growth of 1.642 µgchl-amL  only in-1

minimum concentration of 1ppm of Divap 100

amended culture on the 20  day (Fig 1a), while theth

growth was completely arrested at higher concentrations

(Fig 1a). Similarly, the growth of O. foreaui was also

affected at various concentrations of Divap 100, which

showed maximum of 2.321 µgchl-amL  on the 16-1 th

day in the control cells (Fig 1b).

Extracellular Protein: The extracellular protein of

both A. ambigua and O. foreaui in different
concentration of Divap 100 showed higher content on

the 20  day. It was 54 µgprotein mL  at 1ppm in A.th -1

ambigua and 190 µgprotein mL  in control grown-1

culture of O. foreaui (Fig 2a&b).

Release of Nitrogen: The release of nitrogen in the
present of  different concentration of Divap 100 by the

culture filtrates of A. ambigua and O. foreaui  was
found to be higher on the 16  day in both control andth

5 ppm concentration (33µg mL ) for A. ambigua and-1

on the 20  day in control cultures (34µg mL ) of O.th -1

foreaui (Fig 3a&b).

Release of Ammonia: The release of ammonia was
found to be higher on the 16  day in both the cultures,th

which  released  maximum  of  2.4µg  mL at  1ppm-1

concentration in A. ambigua and 1.84µg mL at 5 ppm-1

concentration in O. foreaui (Fig 4a&b).

Carbohydrates: The release of carbohydrates was
found to be higher on the 16  day at 1ppmth

concentration (20µg mL ) in A. ambigua and on the-1

20  day in control (71µg mL ) culture of O. foreauith -1

(Fig 5a&b)

Amino Acids Content: The release of amino acids was
higher in control cultures of A. ambigua and O.

foreaui, especially on the 24  (40µg mL ) and 20  dayth -1 th

(52µg mL ) respectively (Fig 6a&b). However, the-1

culture of O. foreaui resisted up to 1ppm of Divap
100, which showed the results similar to that of control

culture.  

a b

Fig. 1a&b: Effect of Divap 100 on the growth of A. ambigua and O. foreaui.
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a b

Fig. 2a&b: Effect of Divap 100 on the leached protein content of A. ambigua and O. foreaui.

a b

Fig. 3a&b: Effect of Divap 100 on the extracellular nitrogen content of A. ambigua and O. foreaui.

b b
Fig. 4a&b: Effect of Divap 100 on the release of ammonia on A. ambigua and O. foreaui.

Phenol Content: The release of phenol was higher

only in the control cultures for both the isolates. It was

31µg mL in A. ambigua and 49 µg mL in O. foreaui-1 -1

on the 16  day (Fig 7a&b). th

Growth and nitrogen fixation were independent of

each other with reference to external stress of

insecticide as evidenced by  and supported by[22] [11 ,23]

where, growth in Aulosira fertilissima was stimulated

up to 10ppm of commercially used insecticides Linane,

Parathion and Diazionon. This is in accordance to a

study , in which, screening of 10 strains of[24]

filamentous, heterocystous cyanobacteria for their

g r o w t h  a n d  t o l e r a n c e  t o  c a r b a m a te  a n d

organophosphorus insecticide showed that Aulosira

fertilissima ARM68 and Nostoc muscorum  could

tolerate  up to 50ppm concentration of the insecticide
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a b

Fig. 5a&b: Effect of Divap 100 on the extracellular carbohydrate contents of A. ambigua and O. foreaui.

a b

Fig. 6a&b: Effect of Divap 100 on the leached amino acid contents of A. ambigua and O. foreaui.

a b

Fig. 7a&b: Effect of Divap 100 on the leached phenloic contents of A. ambigua and O. foreaui.

even in the absence of inorganic phosphate in the

medium. It is also reported to stimulation the excretion

of ammonia in Anabaena iyengarii on treatment with

Dimecron-100 pesticide . However, certain other[24]

investigations have also shown that the growth and

release of ammonium in forms like Anabaena

fertilissima and Nostoc commune decreased by the

addition of the pesticide Furadan  and in some strains[25]

like Anabaena HT-SGK-2 could tolerate Butachlor up

to 9 ppm level without any significant reduction in the

chlorophyll-a ,  phycobiliproteins and ammonia

excretion , which is evidenced  by the treatment of[26] [27]

Benlate, due to its systemic action diffused ammonia

from the cyanobacterial cells, thereby inhibiting the

ammonia assimilating enzyme- glutamine synthetase

similar to MSX leading to an  increase in the ammonia

production. 

Hence, from the above study, it could be

concluded that Divap 100 treatment have affected the

growth in both the isolate even at lower concentration
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of 1ppm. Based on the inhibitory effect and growth
arrest, the release of certain products, like ammonia,
amino acid and phenol were also affected at the earlier
stage itself, especially in A. ambigua compared to O.
foreaui, which is in agreement with a study[28]

according to whom the instances of tolerance may be
attributed to the capacity of the organism to accumulate
these chemical in their cells at concentration several
fold higher than the surrounding concentration.
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