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ABSTRACT Cyanobacteria are an ancient life form which adapt themselves to a variety of extreme environments, includ-
ing exposure to pesticides. The present study was under taken to investigate the influence of an organo-

phosphate pesticide Methyl Parathion on the growth and photosynthetic properties of a rice field cyanobacterium Nostoc 
punctiforme. under controlled laboratory conditions. The test algae was isolated from the rice field soils near Sambalpur 
University,Jyoti Vihar, Western Odisha, India and grown in nitrogen free BG 11 culture medium. The growth rate of the 
organism declined with increasing incubation time as well as with increase in the concentration of pesticides. The pesticide 
exposure is clearly manifested with decrease in pigment and protein content. Increase in initial fluorescence (FO) and loss 
in photosynthetic efficiency (Fv/Fm) suggested alteration in oxygen evolving complex. Further, significant decrease in peak 
height of the absorption spectra in treated condition indicates loss in the pigments during the experimental periods with 
higher concentration of pesticides.

1. INTRODUCTION 
Cyanobacteria are the mother of oxygenated photosynthesis 
in this planet. All present day plants have probably evolved 
from cyanobacteria which first colonized and created an oxy-
genated environment. Since their origin,3.5 billion years ago 
they have been surviving on the earth in almost all habitats. 
Today cyanobacteria are found to be abundant in rice fields 
(Peschek et al., 1994) and aquatic biosystems (Deep et al., 
2013). Its unique structure and environmental adaptability 
have generated great interest among recent researchers in 
various fields like agriculture, medicine, textile, alternative 
energy etc. They are well known nitrogen engineer and main-
tain the nitrogen budget and homeostasis of the rice field 
(Choudhary,2011) by photo biological nitrogen fixation in 
heterocyst. The tropical rice field of Western Odisha, provide 
a favorable ecosystem for the growth of cyanobacterial flora 
due to swamped condition and crop canopy. However, con-
tinued dependence on different types of pesticides such as 
insecticides, fungicides, herbicides, etc in order to minimize 
the crop losses stands as a threat to resurgence of cyanobac-
terial flora.

Loss in agricultural yield due to biotic stress is a major factor. 
The loss due to pest comprise more than 15% yield loss in 
paddy crop (Herdt.,1991). Stem borer, plant hopper, patho-
genic disease are some of the biotic factors which minimize 
rice production. Therefore to achieve the yield level, farmers 
of Western Odisha, India are largely dependent on several 
agrochemicals to control the pests and to achieve the target 
yield.

Organophosphate pesticides are among the top five pesti-
cides used in India (Nayak et al., 2012) Methyl parathion is 
frequently used by the farmers of Western Odisha particu-
larly in the district of Sambalpur, Sundargarh and Bargarh. 
Paddy is mostly dependent on the soil for nitrogen which 
is fixed by the natural nitrogen engineers i.e. cyanobacteria. 
Heterocystous cyanobacteria can fix atmospheric nitrogen 
aerobically in heterocyst, whereas non heterocystous cyano-

bacteria fix nitrogen anaerobically.  A symbiotic relationship 
of rice root and cyanobacteria has been reported by Nilson 
et al., (2002). Uses of biofertilizer and chemical fertilizer have 
caused great concern after the green revolution. Use of cy-
anobacteria in the paddy field as biofertilizer is considered 
to be a good way as it is eco-friendly and sustainable. In 
2007, Rajendran et al., had studied the effect of fungicides, 
insecticides and biopesticides on Tolypothrix scytonemides, 
a common cyanobacterium grown in rice field. Literature on 
the influence of pesticides such as cypermethrin (Mohapatra 
et a l., 2003), bentazone (Bagchi et al., 2003), lindane (Bueno 
et al.,2004), furadan( Islam et al., 2007), monosulfuron (Shen 
and Luo, 2011), endosulfun (Kumar et al.,2008, Kumar et al., 
2012), chloropyrifos (Shoaib et al.,2012) on the growth, nitro-
gen fixation, and metabolic activities of several cyanobacte-
ria are also available. The present study was aimed to investi-
gate the growth and photosynthetic status of N. punctiforme 
exposed to organophosphate pesticide Methyl Parathion.

2. Methodology
2.1Culture Method and Treatment of Insecticide
Test organism (N. punctiforme) isolated from soils of rice 
field of Sambalpur, Odisha, was grown in nitrogen free BG 
11 medium (Rippka et al., 1979). The pH of all the media was 
adjusted to 7.8 prior to sterilization. The algal cultures were 
incubated at 26±2oC and 7.5Wm-2 light intensity in culture 
room up to 16 days. 

2.2 Growth Analysis
The inoculated samples were taken and homogenized for 5 
minutes and shaken thoroughly in order to obtain uniform-
suspension. Growth was measured using light scattering 
technique (Guillard., 1973) by taking the absorbance at 760 
nm at an interval of 2 days upto 16th day of inoculation of the 
control as well as the treated samples by using UV- visible 
spectrophotometer.

2.3 Pigment Estimation
Homogenate algal suspensions were centrifuged at 5000 
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rpm for 10 minutes. Residues were extracted with 5 ml of 
80% chilled acetone and kept in the dark for 2 hours. Then 
it was kept in 60 OC water bath for 1-2 minutes and finally 
centrifuged at 5000 rpm for 15 minutes to obtain a clear su-
pernatant. Absorbance of the extract was recorded at 660 
nm for chl-a and at 470 nm for Car in a spectrophotometer. 
The quantity of chl-a was determined using the formula of 
Mackinney (1941) and Car as per Jensen (1978).

2.4 Protein Estimation
Trichloroacetic acid (6%) was added to the residue left after 
extraction of  chl-a, kept for 1 hr and centrifuged. The super-
natant was discarded and protein content in the precipitate 
was estimated according to Lowry et al.,(1951).

2.5 Measurement of  Initial Fluorescence and Photosyn-
thetic Efficiency
Photosynthetic efficiency was measured in terms of Chl fluo-
rescence using a Handy PEA(Hansatech Instruments, Norfolk, 
UK). The algal suspension was dark-adapted for 20 minutes 
before the measurements and then FO, Fm and FV/Fm were 
recorded and analyzed by the Handy PEA as describes by 
Prakash et al.,(2003).

2.6 Absorption Spectra
Absorption spectrum of whole cells of algal suspension was 
measured by a visible spectrophotometer (Cary 50 Bio, Var-
ian, Australia) according to Thomas and Nagaraja (1973). 
The absorption spectra was recorded by double diffusion 
technique where the reference and the sample beam were 
scattered to the same extent by keeping the ground surface 
of the matched cuvettes in the light path. Algal suspension 
equivalent to 5µg of Chl per ml was taken in the final volume 
of 3 ml for recording the absorption spectra of cell sample.

2.7 Measurement of Oxygen Evolution
Photosynthetic oxygen evolution was measured directly from 
the algal suspensions as the function of incident photon flux 
density of 1000µmole m-2 s-1 with a liquid phase electrode 
unit (Chlorolab 2, Hansatech, UK). Before the measurement 
of oxygen evolution the instrument was calibrated in the liq-
uid medium with a pinch of sodium dithionate. 1 ml of ho-
mogenized algal cells was poured into the sample cuvette 
with continuous stirring. The signals from the instrument 
were analyzed using Oxylab V1.15 and rate was determined 
from the graph.

2.8 Measurement of Electron Transport Activity 
The 2, 6-dichlorophenol indophenol (DCPIP) photoreduc-
tion activity of whole algal cells was measured as the method 
described by Spiller (1980). Algal suspension equivalent to 
10mg Chl was mixed with 3ml reaction mixture having 50mM 
Tris buffer (pH 7.8), 175mM NaCl and 0.5ml of DCPIP was 
added to the prepared mixture and placed under saturating 
white light for 60sec. Photoreduction of the dye was meas-
ured at 600nm. 

3. RESULTS:
The kinetic of growth and total protein content of N. puncti-
forme in BG 11 medium with and without different concen-
tration of pesticides has been depicted in Fig1a. The growth 
curve indicated that the organism exhibited lag phase up to 
4 days followed by gradual increase and reached to a steady 
state on the 16th day in control whereas in pesticide treat-
ed samples the growth was maximum on the 12th day. The 
growth rate declined up to 7.19 % in 10ppm and 30.65% 
in 80ppm of MP treated N. punctiforme compared to the 
control. The percentage of decline on 16th day of inoculation 
was 19.7%, 23.8%, 23.95%, 35% and 42.7% respectively for 
10, 20, 45, 50 and 80ppm of pesticide treatment. The total 
protein content also followed the same kinetics as that of the 
growth curve, however the percentage of loss in total pro-
tein content was much more than that of the growth and it 
was 46.82, 51.4, 63.6, 69.2 and 77.3 percent respectively for 
10,20,40,50,and 80ppm of MP treatment.

 
Figure.1. Effect on growth, total protein content, DCPIP pho-
toreduction and rate of oxygen evolution of Nostoc sp treat-
ed with different concentration of Methyl Parathion. a., histo-
gram shows changes in growth and line shows Changes in 
total protein contents. b., Solid line shows Changes in elec-
tron transport activity of PS II in terms of DCPIP photoreduc-
tion (µmole DCPIP reduced/mg of chloroplast/h) Dotted line 
Shows MP induces changes in the rate of oxygen evolution (µ 
mole O2/hr/ml) in Nostoc sp. Data means ± SD (n= 5).

Fig. 1b showed the changes in the rate of oxygen evolution 
(dotted line) and electron transport activity of PS II (solid line). 
The rate of decline in the oxygen evolution at 12th day was 
28, 33.83, 46.6, 57.66 and 65.89 percent respectively with 
10, 20, 40, 50 and 80ppm of pesticide treated condition 
compared to the control, whereas loss in DCPIP reduction 
was 39.92, 53.17, 61.2, 73.98 and 80.13 % respectively with 
the increasing concentration of pesticide at 12th day of inocu-
lation as compared to the control.

 
Figure.2. Effect of Methyl Parathion on Chlorophyll a con-
tent, Carotenoid content and Car/chl-a ratio of Nostoc sp  
at 12th day of incubation. Histogram shows total Chl-a and 
Car content, Line Shows changes in Car/ Chl ratio. Data 
means ± SD (n= 5).
 
As the maximum growth and protein content of the species 
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was on the 12th day from the date of inoculation, the major 
photosynthetic pigment chl-a and Car were analyzed on the 
12th day of inoculaion (Fig.2). chl-a content significantly de-
clined after 12th day of pesticide treatment and the loss in-
creased with the increase in concentration of MP. The rate of 
decline was 65.4(p<0.05), 72.8(p<0.05), 75.8(p<0.01), 78.6 
(p<0.01) and 86.3(p<0.01) percent respectively. But for car/
chl-a ratio significantly increased along with the increasing 
concentration of pesticides. The percentage of increase in 
10, 20, 40, 50 and 80ppm of pesticide was 4.3%, 32.68% 
(p<0.05), 56% (p<0.01), 71.2% (p<0.01) and 114.21% respec-
tively.

Figure.3. Changes in Initial fluorescence F0(dotted line) 
and Photosynthetic efficiency of PS II in terms of Fv/Fm 
(solid line) of Nostoc sp to MP stress on 12th days of inocu-
lation.
 
Fluorescence property of PS II was plotted in Fig3 on the 
12th day of inoculation for both control and pesticide treated 
sample. Initial fluorescence (F0) is shown to have significantly 
increased but the photosynthetic efficiency (Fv /Fm) ratio has 
declined significantly. 

Figure.4. Methyl parathion induces changes in absorption 
spectra of Nostoc sp on 12th days of inoculation.
 
Fig 4 depicts the absorption spectra of N. punctiforme on 
the 12th day. Pesticide treated samples showed significant 
reduction in the peak height as compared to the control. As 
the concentration of pesticide increased the peak height de-
creased.

4. DISCUSSION
The Western region of Odisha, India is completely depend-
ent on agricultural activity, which receives massive irrigation 
from Hirakud dam on Mahanadi river. To control pest during 
rice cultivation farmers use indiscriminately various pesticide. 
The eco-toxicological effects generated by several pesticides 
on cyanobacteria are of great concern to the biologist. In 
the present study the effect of MP pesticide was studied on 
growth pattern and photosynthetic parameters of N. puncti-
forme under laboratory condition in concentration and time 
dependent manner. A number of researchers have studied 
the effect of several insecticides on various strains of cyano-

bacteria from time to time (He et al., 2013, Nayak et al., 2012, 
Sheeba et al., 2011, Chen et al., 2007, Xia et al., 2005.). The 
inhibition in growth of the alga might have been due to the 
inhibition in photosynthetic activities (Manikar et al., 2013, 
Bhattacharyya et al., 2011.) or impairment of macromolecule 
synthesis.  The inhibitory effect of pesticides on growth rate 
of cyanobacterium is also dose dependent as suggested by 
Tiwari et al., (2001) and Yamamoto and Tsukada (2009).

Analysis of Protein content of cyanobacteria during labora-
tory culture has been used by several authors as an index of 
the developmental status of the organisms. The low level of 
protein content in higher concentrations of pesticide treat-
ed sample (Fig 1a) may be due to the inhibition of protein 
synthesis (Aldehni et al., 2003) or stimulation of nonspecific 
proteases activity (Anand and Subramanian, 1997) which 
may cause the degradation of protein in stress condition. At 
lower concentration, i.e. 10ppm of pesticide, protein content 
comparatively increases which indicates stimulation of some 
stress induced protein synthesis in low dose of pesticide 
(Karthikeyan and Gopalaswamy, 2009).

Photosynthetic pigments of cyanobacteria are very much sus-
ceptible to stress such as oxidative stress,(Latifi et al.,2009), 
osmotic stress (Sharma et al., 2012) or under any biocides 
(Tiwari et al., 2001). In this study significant decline in Chl 
content in pesticide treated condition (Fig. 2) supports the 
work of Kumar (2008) on Nostoc, Anabaena and Aulosira 
treated with endosulfun and Kumar et al., (2010) on A. ferti-
lissimia treated with 2,4 D. Latifi et al., (2009) suggested that 
carotenoid content in cyanobacterial spheroplast is a vital 
component for scavenging free radical. The loss in the ca-
rotenoid contents on 12th day of inoculation (Fig.2) could be 
due to metabolic degradation of pigments under MP stress 
(Galhano et al., 2011). However, interestingly carotenoid to 
Chl ratio is increased significantly (p<0.01) while treated with 
80ppm of pesticides. This signifies that Chl is at a greater risk 
than Car to this pesticide stress. Similar type of inference was 
made by Galhano et al., (2009) for bentazon and molinate on 
the diazotrop Anabaena cylindrica.

In photosynthetic organism electron transport activity is the 
major target site of inhibition during stress. In the present 
study the rates of DCPIP photoreduction in control and pesti-
cide treated samples (Fig. 1b) are almost similar with their ki-
netics of growth and protein content (Fig1a). Photoreduction 
in treated samples is lower than in the control (Fig. 1b). This 
could be due to loss of protein content and pigment syn-
thesis of the alga under the stress (pesticide treated) condi-
tion. This could also have been caused by possible changes 
in the thylakoid microenvironment. The degradation of D1 
protein under stress condition could be another reason for 
low photoreduction (Long and Humphries, 1994). Because 
of the harmful effect of the treatment, with increase in the 
concentration of pesticide the dye reduction gradually gets 
reduced. These observations support the findings of Shikha 
and Singh (2004). The loss of PS II electron transport ability 
is supported by loss of oxygen evolution. Pesticide induced 
loss in oxygen evolution is ascribed to distortion in the RC II 
core complex and the OEC of PS II (Prasad et al., 2005). Sta-
tus of the absorption spectra in control and treated sample 
shows (Fig.4) a significant decline in peak height which may 
be due to the loss in pigment content.

Chlorophyll a fluorescence is a responsive tool to measure 
photosynthesis (Bjorn et al., 2009). It signifies the efficiency 
of primary photochemical reactions. The calculation of the 
rate for competing energy dissipation pathways in the sam-
ple of light saturated (Fm) and dark adapted (FO) conditions 
had shown that maximal fluorescence (FV/Fm) is directly pro-
portional to the quantum efficiency of PS-II. Increasing trend 
of initial fluorescence (Fo) during MP (Fig. 4) stress may be 
due to either uncoupling of antenna molecules or slower re-
oxidation of QA by the PQ pool or both. The increase in Fo 
has also been regarded as an apparent sign of damage to 
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the reaction centre and D1 protein degradation (Komenda 
et al., 2007). The possible reasons may be detachment of 
LHC II from RC II, dark reduction of QA, inactivation of RC 
and decrease in rate of energy transfer in the antenna as re-
ported by Nayak et al., (2003) in Triticum aestivum. The result 
exhibits a significant decrease in Fv /Fm along with increasing 
concentration of MP.

Decline in growth rate, pigments and protein content and 
loss of photochemical efficiency is supported by increase in 
initial fluorescence and decrease in photosynthetic efficiency, 
results stress induced loss in oxygen evolution. As the con-
centration of pesticide increases primary photochemistry 
wane up. Long run use of pesticide like MP may be a threat 
to the cyanobacterial population which are the pioneer and 
keystone species of the present oxygenic atmosphere.  Busi-
ness oriented temptation of modern agronomy by the use of 
pesticide and inorganic fertilizer is the major risk factor to the 
natural photosynthetic engineer.
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