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Abstract: The present study revealed the organophosphorus insecticide (Monocrotophos and Chloropyriphos) induced changes in  

biochemical parameters related to photosynthetic pigments and protein content of two cyanobacteria  (Nostoc commune and Anabaena 

variabilis) isolated from local rice fields of Mayurbhanj district in Odisha and grown under laboratory conditions at Department of 

Biotechnology, North Orissa University,Baripada,Odisha. Differential response on growth, photosynthetic pigments (chlorophyll a and 

carotenoids) and protein content was observed on both the test species to selected concentration (EC25, EC50 and sublethal at which 25 

and 50 percent growth was reduced and at sublethal dose the growth of the organism was least as compared to control) of two 

organophosphorus insecticide treatment at different days of incubation (4,8,12 and 16 days).The experimental result infers that the toxic 

effect of both the insecticides was found only after 8days of incubation in both the species. The deleterious effect of chloropyriphos was 

significant  as compared to monocrotophos in both the species at different days of incubation. Among both the species Nostoc commune 

was found to be more resistant to both the insecticides. The toxic effect of both the insecticides at EC25 and EC50 dose was more 

pronounced on 16 days old culture showing decrease in growth, pigment and protein content on both the test species. However the toxic 

effect of sublethal dose of both the insecticides inhibited growth on 12 and 16 days old culture. Among both the insecticides 

Monocrotophos was found to have more deleterious effect on both the species than that of Chloropyriphos and this trend was observed to 

be more pronounced on long period of incubation as compared to short period of incubation.The results so obtained concludes that the 

toxic effect of insecticides became harmful to the nontargeted cynobacteria in rice fields if retained for a longer time. On the other hand 

the deleterious effect can be minimized if the rice fields are flooded or irrigated after application of insecticides so that the pest were 

killed on immediate exposure without any adverse effect on cyanobacteria of the same habitat. 
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1. Introduction 

Cyanobacteria, a group of ubiquitous, photosynthetic 

prokaryotes which perform two key biological processes such 

as oxygenic photosynthesis and nitrogen fixation together in 

same the cells/filaments, and enrich the paddy soil particularly 

with nitrogen and humus contents [1], [2]. Cyanobacteria are 

exposed to various types of natural stresses, such as nutrient 

limitation, pesticides, pollution, drought, salinity, temperature, 

pH, light intensity and quality, etc. Most paddy soils have a 

natural population of cyanobacteria which provides a potential 

source of nitrogen fixation at no or low cost [3] . Extensive and 

regular use of pesticides in modern rice cultivation is reported 

to adversely affect the diversity, biology or even sustainability 

of cyanobacteria often leading to their complete elimination 

from the field [4], [5].  

The economy of developing countries like India is agricultural 

based, but pests act as main challenge in maintaining the 

economy. So, different pesticides are being used by the farmers 

for so many years all over the world. The various classes of 

pesticides include the organophosphates, carbamates, 

pyrethroids, organochlorines etc [6], [7].  

The Organophosphorus  insecticides are most widely applied in 

crops due to its broad spectrum of activity and low cost. The 

application of insecticides, a group of pesticides, in crop fields 

for selective control of pests in the modern age has led to 

serious environmental contamination resulting in greater loss of 

crop productivity and growth of many beneficial micro-

organisms [8]. The cyanobacteria are exposed to insecticides 

which  are indispensable to the modern agricultural practice. 

However, the use of these insecticides over the years has 

resulted in problems caused by their interactions with the 

biological systems in the environment and has deleterious 

effects on cyanobacteria [9] . 

 Though a considerable amount of work relating to the 

insecticide induced inhibitory effects on growth, photosynthetic 

pigment contents and nitrogen fixation in cyanobacteria has 

been done but little work has been done on insecticides 

particularly organophosphorus induced effects on growth, 

pigment and protein content. However, agrochemical residue 

present in soil is likely to inhibit the biofertilizer potential of 

cyanobacteria depending upon the dose and time of exposure 

and individual characteristics of the organism. Perhaps, it is 

evident that many organophosphorus insecticides at the 

recommended field application have  none or accelerating 

effect on growth of cyanobacteria but may affect various 

physiological processes in cyanobacteria [10], [11] . As every 

insecticide used in agricultural practices affects the growth of 

non target soil microorganisms  depending on the period of 

exposure, therefore the aim of this work was to establish the 

differential toxicity effects of the two selected rice field 

insecticides (Monocrotophos and Chloropyriphos) on growth 

and survivability potentials on  Anabaena variabilis and  

Nosctoc commune isolated from local rice fields of Mayurbhanj 

district in the state of Odisha.  
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2. Materials and Methods 
1.1. Glasswares 

Borosil make glass vessel were used throughout the 

experimental work. Hard glass test tubes (15x150mm) and 

100ml conical flask were used for culturing the test organisms. 

The test tubes and conical flasks were stopper by non absorbent 

cotton.  

1.2. Test culture media  

The BG11 media was prepared from the stock solution present 

in laboratory. p
H 

of the culture medium before autoclaving was 

always maintained at 7.5 to 7.6. Analytical grade chemicals of 

SRL, MERCK and HIMEDIA and glass distilled water was 

used for the preparation of culture media.  

1.3. Test Organisms 

Experimental strains, Nostoc commune and Anabaena 

variabilis are two diazotropic filamentous  cyanobacteria, 

collected from some local paddy field soils of Mayurbhanj 

district of Odisha state. These were isolated and cultured in BG 

11 media under controlled laboratory condition and maintained 

in Department of Biotechnology, North Orissa University, 

Baripada, Mayurbhanj, Odisha. 

1.4. Test Insecticides 

Two organophosphorus insecticides Monocrotophos and 

Chloropyriphos of analytical grade was used at selected dose 

(EC25,EC50 and Sublethal at which 25%, 50%  and least 

growth was observed respectively as compared to control).The 

EC25,EC50 and sublethal dose of Monocrotophos and 

chloropyriphos for Nostoc commune was 0.05, 0.5,2 µl/ml and 

0.05,0.5 and 1 µl/ml  and for  Anabaena variabilis it  was 

0.1,0.3,1 µl/ml and 0.05,0.3 and 0.7 µl/ml respectively. 

Samples were taken after every four days up to 16 days for  

assay of growth, chlorophyll-a, carotenoid and protein content. 

1.5. Culture media and culture conditions 

Experiments were conducted in 15  150mm hard glass test 

tubes containing 10ml of nitrogen free BG11 medium with or 

without various concentration of insecticide Monocrotophos 

and Chloropyriphos and 1ml of homogenized suspension of the 

organisms. Experimental cultures were incubated at 26  1
0
C 

under 3000 lux light intensity. The cyanobacterial cultures 

were maintained in a culture room at a temperature of 25  1 

C and 3000 lux light intensity with a photoperiod of 16h light 

and 8h dark at four days interval of time up to 16 days. Each 

treatment was of three replicates. The liquid cultures in the 

flask and tubes were hand shaken daily 2- 3 times to provide 

uniform light, aeration and nutrient to the suspension culture 

and to avoid sticking of cyanobacterial cell to the walls of the 

glass vessel which may result in uneven growth and subsequent 

experimental error. 

1.6. Test methods 

1.7.  
1.7.1. Growth Measurement  

After every 4 days of incubation 5ml of cultured algal samples 

were taken for measurement of growth by spectrophotometer at 

760nm, [12]. 

1.7.2. Chlorophyll Estimation 

The chlorophyll content was estimated following the method of  

Mackinney [13] by taking the absorbance at 663nm in a 

systronics make spectrophotometer (model.110) 

1.7.3. Carotenoid Estimation 

The carotenoid content was measured by taking the absorbance 

at 470nm and was estimated following the method of  Davis 

[14].  

 

1.7.4. Protein estimation 

The Protein content was estimated following the method of 

Lowry et,al.[14] by taking the absorbance of the sample at 

700nm.    

1.8. Statistical evaluation 

The experiments were set up in triplicates for each treatment 

and mean of such data was presented with the standard 

deviation. 

 

3. Results  
Effect of EC25, EC50 and sublethal dose of Monocrotophos 

corresponding to 0.05,0.5,2 µl/ml for Nostoc commune and 

0.1,0.3,1 µl/ml for Anabaena variabilis and similarly 

Chloropyriphos at 0.05,0.5,1µl/ml for Nostoc commune and 

0.05,0.3,0.7 µl/ml for Anabaena variabilis was used to analyse 

growth characteristics, pigment and protein content at different 

days (4
th

, 8
th

, 12
th

 and 16
th

 day) to know the toxicity of the 

agrochemical on the non target organism. Study on Growth 

response of Nostoc commune when treated with  

Monocrotophos has shown increasing trend on all the days of 

incubation at control , EC25 , EC50 dose of the insecticide 

whereas at sublethal dose growth was increased upto 4 days 

followed by significant decrease at 16 days of incubation (fig. 

la). 

 
Figure 1a: Effect of various concentration of Monocrotophos 

on the Growth of Nostoc commune. 

However in Anabaena variabilis growth was increased upto 12 

days, 8 days and 4 days at EC25, EC50 and sublethal dose of  

Monocrotophos  respectively followed by sudden decrease on 

16 days old culture (fig. 3a). On the other hand effect of 

Chloropyriphos on Nostoc commune was found to be inhibitory 

after 4 days of incubation in all the test concentration (fig. 

2a),but growth response of Anabaena variabilis was found to 

be stimulated in all the test concentration of the insecticide 

upto 16 days of incubation (fig 4a).  

 
Figure 2a: Effect of various concentration of Chloropyriphos 

on the Growth  of Nostoc commnue 
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Figure 3a: Effect of various concentration of Monocrotophos 

on the Growth  of Anabaena variabilis 

 

 
Figure 4a: Effect of various concentration of Chloropyriphos 

on the growth  of Anabaena variabilis 

 

Cellular chlorophyll-a content varied  when Nostoc commune 

was treated with two insecticides (Monocrotophos and 

Chloropyriphos). The chlorophyll-a content was found to 

increase upto 12 days of incubation followed by immediate 

decrease on 16 days old treated culture in EC25, EC50 dose of 

both the insecticides in Nostoc commune (fig. 1b, 2b). 

 
Figure 1b: Effect of various concentration of Monocrotophos 

on the chlorophyll-a content  of Nostoc commune. 

 

 
Figure 2b: Effect of various concentration of Chloropyriphos 

on the Chlorophyll-a content  of Nostoc commnue. 

 

The chlorophyll-a content in Anabaena variabilis when treated 

with Monocrotophos in the culture media showed similar result 

like that of Nostoc commune (fig. 3b). 

 

 
 

Figure 3b: Effect of various concentration of Monocrotophos 

on the Chlorophyll-a content  of Anabaena variabilis. 

 

However Chloropyriphos enhanced the chlorophyll-a content in 

Anabaena variabilies at EC25 dose in all the days of 

incubation and sublethal dose found to be toxic by reducing the 

chlorophyll-a content in all the days of incubation period (fig. 

4b). 

 

 
 

Figure 4b: Effect of various concentration of Chloropyriphos 

on the Chlorophyll-a content  of Anabaena variabilis. 

 

The carotenoid content was increased upto 8 days at control, 

EC25, EC50 and sublethal dose of both the insecticides 

followed by decrease in Nostoc commune (fig.1c, 2c). 

 

 
 

Figure 1c: Effect of various concentration of Monocrotophos 

on the  Carotenoid  content of Nostoc commune 
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Figure 2c: Effect of various concentration of Chloropyriphos 

on the Carotenoid content of Nostoc commnue 
 

However in Anabaena variabilis treated with different dose of 

Monocrotophos showed increase in carotenoid content upto 8 

days followed by decrease upto 12 days and then little increase 

on 16 days old culture (fig.3c). 
 

  
Figure 3c: Effect of various concentration of Monocrotophos 

on the carotenoid content of Anabaena variabilis. 
 

The toxcic effect of Chloropyriphos on Anabaena variabilis 

showed differential response on all the test concentration. The 

carotenoid content was reduced only in EC50 and sublethal 

dose on prolonged period of incubation (fig. 4c). 
 

 
Figure 4c: Effect of various concentration of Chloropyriphos 

on the Carotenoid content   of Anabaena variabilis 
 

The protein content in Nostoc commune was inhibited at EC25 

dose of Monocrotophos on 16 days old culture whereas at other 

test concentration  the protein content was increased from 4 to 

16 days (fig.1d). 

 
Figure 1d: Effect of various concentration of Monocrotophos 

on the protein content of Nostoc commune 

However protein content was adversely affected when both the 

test species were treated with Choloropyriphos at EC25, EC50 

and sublethal dose after 8 days of incubation period (fig. 2d). 

 

 
Figure 2d: Effect of various concentration of Chloropyriphos 

on the Protein content of Nostoc commnue 

 

In Anabaena variabilis protein content was reduced at EC25 

dose of Monocrotophos after 8days of incubation whereas 

protein  content was increased upto 12 days followed by 

decrease in EC50 and sublethal dose (fig. 3d). 

 

 
Figure 3d: Effect of various concentration of Monocrotophos 

on the Protein content of Anabaena variabilis. 

 

On contrary to this in  Anabaena Variabilis protein content was 

increased upto 8days followed by decrease at EC25, EC50 and 

Sublethal dose of Chloropyriphos ( fig. 4d). 

 

 
 

Figure 4d: Effect of various concentration of Chloropyriphos 

on the Protein content of Anabaena variabilis 

4. Discussion 

The indiscriminate use of insecticides on cyanobacterial 

population has been  considered to be inhibitory at high doses 

[16]. The results obtained in the present investigation depicted 

a insecticide concentration and time dependent reduction in 

growth, pigment and protein content in both the species 

irrespective of their differential tolerance to a particular 
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concentration of the insecticide. In general, cyanobacterial 

interaction with toxic chemicals followed certain general trend 

such as partial inhibition, total inhibition, delayed inhibition, 

growth stimulation and growth resumption after a extended lag 

period. In certain cases the differential toxic effect was due to 

biodegradation, autodegradation, modification by organsm, 

decreased permeability of the chemical into the cell [17], [18], 

[19] .In the present investigation the delayed inhibitory effect 

of insecticides on both the test species may be attributed to the 

possible metabolization of the chemical or its degraded product 

by the cyanobacteria,since some species possess such a 

capacity [20], [21]. 

The present data obtained cleared a way that the use 

of high and continuous use of organophosphorus pesticide 

causes detrimental effect on rice field cyanobacteria. The 

growth in terms of chlorophyll-a was greatest in untreated cells, 

as compared to treated culture which might be due to inhibition 

on the photosynthetic activity of cyanobacteria by the 

continuous use of insecticides. Application of the test 

insecticides affected total carotenoids of Anabaena variabilis 

and Nostoc commune. The content of these pigments was 

decreased at 16days culture, at highest concentration of 

pesticides. The data obtained in the present paper reveals that 

protein content was decreased to a maximum at higher 

concentrations of both the insecticides.  In conclusion it 

appears that both the strains of cyanobacteria in general do not 

resist to a very high concentration of insecticides 

Monocrotophos and Chloropyriphos. However the effect of 

pesticide on the population of nitrogen fixing cyanobacteria in 

rice fields also depends on other insecticide concentration and 

flooding of water associated with paddy fields. More detailed 

field studies are needed, avoiding the use of high application 

rates more than recommended will likely increase the more 

tolerant cyanobacteria. 
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