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ABSTRACT One of the most commonly used paddy field herbicide in India is 2, 4-Dichlorophenoxy acetic acid. A study 
was conducted to investigate the toxic effect of 2, 4-D on the growth, cellular metabolites, rate of photosynthe-

sis, (O2 evolution) and rate of respiration (O2 consumption) in a Synechococcus aeruginosus collected from rice field soils of Krishna 
district, Andhra Pradesh, India and grown in Hughe’s medium (1958) as modified by Allen (1968). An experiment was designed to 
find out the toxic effect of 2, 4-D on the growth of Cyanobacterium when exposed to different concentrations and time intervals incu-
bated at 500, 800 and 1000 mg per ml concentration of herbicide for 0, 24 and 48 hrs time intervals. The increasing dose of 2,4-D and 
treated / incubation time (immediately on the addition of chemical 0,24and48 hours)gradually declined the rate of photosynthesis 
and respiration. The herbicide reduced the cellular metabolites gradually with the increase of 2,4-D concentration and exposure time.
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Introduction 
In tropical countries such as India, the blue–green algae inhabi-
tated mainly in the paddy fields (Singh, 1961; Venkataraman, 
1972) and play a considerable leading role in the ecosystem of 
rice agriculture (Watanabe and Brotonegoro, 1981). The most 
important functional characteristics of blue green algae grow-
ing in the soils of paddy – fields are the atmospheric carbon and 
dinitrogen fixation (Stewart W.D.P.1970) and  reclamination of 
the soil by enriching with nitrogenous substances and metabo-
lites to obtain more crop yield and reduce application of nitrog-
enous and chemical fertilizers.

To obtain a high yield of grains formers employ synthetic chemi-
cal fertilizers in the rice – fields, which enrich the nitrogen 
content and phosphate content. Because of the abundance of 
nitrogen and phosphates in the water and soil, growth of un-
wanted angiospermic weeds is promoted viz. Cyperus rotundes 
Linn(Cyperaceae), Ischaemum pilosum hack (Graninaceae) etc. 
(Tadulingam & Narayana, 1955). Weeds compete rice plants for 
CO2, space, moisture, sunlight and nutrient, results in low agri-
cultural output. It has been observed that grain yield in paddy is 
drastically reduced if it is not deweeded at early stage of growth 
(Dangwal et al, 2012). 

Nowadays, to avoid high labour costs, farmers have been heavily 
employing pesticides in crop-fields and rice-fields (Brian, 1964) 
to eradicate weeds (Thakur et al., 1995; Amaral-As-Dos and Dos-
S-Amaral, 1997; Street and Kurtz, 1998) and pest organisms (Bat-
tah et al., 2001) in agricultural practices and these chemicals af-
fect secondarily the metabolism of non-target organisms such as 
blue-green algae (Cyanobacteria) widely distributed in rice-fields 
(Battah et al.,2001; Nirmal Kumar et al, 2012) and occupy an im-
portant position within soil and water microflora. 

Among the metabolic processes, photosynthesis and respira-
tion are the important metabolic processes of photoautotrophic 
organisms such as algae. Majority of the herbicides inactivates 
photosynthesis and respiration by interfering photophospho-
rylation, pigments, nitrogen fixation, lipid metabolism and 
cell division and finally retard the growth (Mishra and Pandey, 
1989; Victor Galhang et al, 2009; Okmen et al, 2013). Generally 
it appears that herbicides affect more than one metabolic reac-
tion in the cell.

The herbicides DCMU (3-(3, 4 –dichlorophenyl), 1, 1-dimethyl 
urea), Diuron, 2 4 –D and maleic hydrazide inhibited the growth 
and oxidation of water in photosynthetic algae (Hamdi et al., 
1970; Corbett, 1974; Dodge, 1975) and stam F-34 (Propanil) 
inhibited respiration (Hofstra and Switzer, 1968) and reduced 
the cytochrome of photosystem II of photosynthesizing isolated 
chloroplasts (Nishimura and Takamiya, 1966). All the urea her-
bicides (DCMU) were known to inhibit the hill reaction in pho-
tosynthesis (Corbett, 1974) and competed with plastoquinone 
(PQ) binding proteins and interrupted the electron transport 
system (Sherman et al., 1987). In Chlorella pyrenoidosa Wed-

ding et al., (1954) reported in inhibition of photosynthesis and 
respiration by the herbicide 2, 4-D which also inhibited the 
growth, protein and chlorophyll-a content of Chlorella vulgaris 
and Spirulina platensis cells (Saadet and Ozlem, 2008). In Syn-
echococus aeruginosus and Scenedesmus incrassatules 2, 4-D 
inhibited the activity of amylase (Reddy et al., 1987).

Tiwari et al. (1982) observed the inhibition of growth, photo-
synthetic pigments, nitrogen fixation and macromolecules by 
2, 4-D in Anabaena cylindrica. In Chlorella pyrenoidosa Bertag-
nolli and Nadakavukaren (1974) reported the inhibition of pho-
tosynthesis and respiration in terms of 02 consumption and 
liberation respectively.

Because of the wide applicability of 2, 4-D in rice-fields, the 
deleterious effects of  2, 4-D on nitrogen fixation  (Inger, 1970; 
Hamdi et al., 1970; Tiwari et al., 1982)  and growth of blue-green 
algae ( Singh, 1974; Tiwari and Pandey 1981; Das and Singh, 
1978)  were reported but the literature is meager and scanty on 
02 evolution and consumption of blue-green algae. Keeping this 
in view, the present study was undertaken to observe the effects 
of 2, 4-D on photosynthesis and respiration in terms of 02 lib-
eration and consumption respectively and cellular metabolites 
of Synechococcus aeruginosus. 

Synechoeoccus aeruginosus cyanobacterium found abundantly 
in rice – fields and 2 4-D is a strong herbicide having a wide 
practical applications in the fields of rice crops and cereals used 
to arrest a number of broad leaf weeds. 

MATERIALS AND METHODS

Isolation of Test Organism

Synechococcus aeruginosus a prokaryotic unicellular, blue-green 
algae is very commonly found in rice-fields, chosen for the 
present study was isolated from rice fields of Krishna District 
(Andhra Pradesh). Isolation and purification were performed 
by the usual protocols of dilution and plating. 

Raising of clonal population:
Single individual cells are pipetted out on agarised (1.5%) basal 
medium plates and incubated in wooden culture chambers fit-
ted with cool fluorescent lamp (600 lux). Visible colonies were 
picked up singly by fine glass micropipettes under a binocular, 
dissecting microscope and inoculated into basal liquid medium. 
The process was repeated two to three times in order to get uni 
algal clonal population.

Axenic culture:                                                                                                                                                                                                  
The obtained unialgal cultures were made bacteria free by ul-
tra violet irradiation following the method described by Venka-
taraman (1969) and the axenic cultures are maintained in the 
Hughe’s medium as stock cultures in the laboratory. 
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Culture conditions:
The axenic populations of the alga are maintained in hughe’s 
medium and experiments are also conducted in a Hughe’s me-
dium and experiments are also conducted in the same medium. 
Wooden cabinets fixed with fluorescent lamps emitting a light 
intensity of 600 lux are used for incubation of the experimental 
and stock cultures which are maintained at 280 + 20C. The light 
and dark cycles was adjusted to 16h/82h and cultures were 
shaken by hand two to three times daily to prevent clumping 
of algal cells. 

Culture medium: 
Synechococcus aeruginosus was grown in Hughe’s medium 
(1958) as modified by Allen (1968) which in composed of dis-
tilled water and the following chemical ingredients (mg/L); Na 
No3 1500; Na2 Co3 20; Mg So4. 7 H20 75; K2 H P04 30; Ca Cl2 
27; Na2 Si O3: 9 H20 59; EDTA 1; Citric acid 6 6; Ferric citrate: 
6 and trace elements liquid from stock solutions 1 ml/L. (Ingre-
dients of trace elements are  H3 BO3 2860; Mn Cl2 1810; Zn 
SO4 220; Mo Co3 390; Cu So4 80; Co (No3)2 495). The pH of the 
medium was adjusted to 8.5 either with 0.1 N Na OH/ 0.1 N Hcl.  

The medium was sterilized at 1210C, 1.05 kg/ cm2 for 30 min. 

Treatment with herbicide:
2, 4-D was used to treat the alga and it was purchased from 
commercial source and the effective doses 500,800,1000 mg/
ml of 2,4-D were selected for the present study. The fresh stock 
solutions of 2, 4-D are prepared by dissolving the chemical in 
sterilized basal medium mixed with 0.1 N sodium hydroxide. 
The desired concentration of 2, 4-D ( 500, 800, 1000 mg/ml) 
are prepared by making proper dilution of the stock solution. 
Freshly prepared herbicide solution was used to perform the 
experiments. All experimental cultures including control are set 
up in triplicate. Three replicates are made for every herbicide 
concentration and control.

Methodology 
Short-term experiments are performed to study the effect of 2, 
4-D (herbicide) on photosynthesis (02 evolution) and respira-
tion (02 consumption). In these experiments varied concentra-
tions of 2, 4-D are added to 10 days old algal culture in the basal 
medium adjusted to 8.5 pH and buffered with Tris (0.001 mg 
per ml). After the addition of different concentrations of 2, 4-D 
immediately (0 hour), 24 and 48 hours incubation, the rate of 
02 evolution and 02 consumption are determined by photo-
warburg’s monometric method (Umbreit et al., 1959). Control 
experiments without herbicide are also performed. After intro-
duction of 5 ml of algal culture into reaction vessel, 02 evolution 
and consumption are measured at regular intervals of 10 min-
utes upto 30 minutes. The temperature was always kept at 28 + 
20C and a light intensity of 1,000 Lux was provided for 02 evolu-
tion experiments. The rate of 02 evolution was expressed as mi-
cromoles (µM) of oxygen for 100 mg fresh weight of algae. Im-
mediately after the measurement of photosynthetic rate, 0.2 ml 
of 10 percent potassium hydroxide (KOH) absorbed paper was 
introduced carefully into the central well of the reaction vessel 
to absorb the liberated carbon dioxide (CO2) and to increase the 
exposed area of the alkali. The rate of respiration was measured 
in the dark at 28 + 20C and expressed as ‘µ’ moles of 02 con-

sumption per 100 mg fresh weight of algae. Besides the effect 
of 2, 4-D on 02 evolution and consumption, its effects are also 
observed on growth in terms of chlorophyll-a and on changes in 
cellular metabolites after 48 hours of  incubation period. 

Growth estimations:
The growth of the Synechococcus aeruginosus was measured in 
terms of proteins as well as optical density of 80 percent ace-
tone soluble pigment viz. chlorophyll-a at 0, 2 4 and 48h. 

Determination of chlorophyll-a: 
Algal cultures are centrifuged at 5000 rpm for five minutes and 
the supernatant was drained off. The algal pellet was suspended 
in 5 ml of 80 percent acetone and kept overnight in refrigerator 
at 100 centigrade and then centrifuged. 

Absorbance of acetone extracted chlorophyll-a was measured at 
660nm in a spectrophotometer and estimated by using the for-
mula of Mac Lachlan and Zalik (1963) as mentioned by Holden 
(1976) on fresh weight basis (1963). 

Cell metabolite contents i.e. carotenoids (Jensen, 1978), bili-
poroteins (Siegelman & Kycie, 1978), proteins (Lowry et al, 
1951), carbohydrates (Spiro, 1966), α-amylase enzyme (Oser, 
1965 & Bernfeld,1955); intracellular acid phosphatase (Patni 
&Aaronson, 1978), RNA (Elliot & Wald ,1954), DNA (Fiske & 
Subba Rao ,1925) was determined at regular intervals. 

RESULTS 
The results in Table 1 and 2 indicate the adverse effect of 2, 4-D 
on growth in terms  of optical   density of chlorophyll-a and the 
rate of photosynthesis and respiration at ‘0’ hour time and sig-
nificant effects have been noticed after 24 and 48 hours period. 
In control cultures of Synechococcus aeruginosus the growth 
and rate of 02 evolution and consumption were augmented with 
the incubation period, whereas a reverse trend was noticed in 
2, 4-D treated culture. The rate of photosynthesis and respira-
tion was increased during the observed intervals (10, 20 and 
30 minutes) irrespective of concentration of 2, 4-D at 0, 24 and 
48 hours incubation. Cellular metabolites (chlorophyll-a, carot-
enoids, carbohydrates, proteins, nucleic acids, biliproteins and 
the activity of α-amylase and acid phosphatase) are also esti-
mated in  2, 4-D containing algal cultures after 48 hours to know 
the immediate toxic effects of herbicide on the synthesis of vari-
ous algal cell components. 

The contents of cellular metabolites of algae are gradually de-
creased with the increase of 2, 4-D concentration than control. 
At 1,000 µg per ml concentration of 2, 4-D (sub-lethal dose) the 
percent inhibition of cellular metabolites (chlorophyll-a, ca-
rotenoids, carbohydrates, proteins, RNA, DNA, C-phycocyanin 
and allophycocyanin) and the activity of α-amylase and acid 
phosphatase were 52.29, 86.84, 88.23, 53.12, 57, 79.83, 80.67, 
88.67, 85.17 and 82.60 percent respectively. Among the cellu-
lar metabolites, C-phycocyanin, allophycocyanin, carbohydrates 
and DNA are significantly inhibited at 1000 µg per ml 2, 4-D 
dose more than 50 percent as compared to other cellular me-
tabolites.  The percent inhibition of algal cellular metabolites 
in short-term experiments indicates that the toxicity of 2,4-D is 
dose-dependent as well as time dependent .

Table 1: Short-term effect of 2, 4-D on photosynthesis and respiration in Synechococcus aeruginosus

Time 
(hr)

Concentration of 
2, 4-D (µg/ml) in 
the BM 

O.D. Photosynthesis Respiration 

µ moles 02 evolved /100 mg f.w. µ moles 02 Consumed/100 mg f.w.

10 min 20 min 30 min 10 min 20 min 30 min

0

0 (Control) 0.052 76.95 94.95 116.10 72.97 63.18 76.50

500 0.053 68.59 87.07 105.68 54.66 60.78 68.58

800 0.050 65.16 78.21 85.86 46.16 52.46 55.25

1000 0.048 60.15 62.63 68.64 38.48 40.35 45.28

(7.69) (21..83) (34.03) (40.87) (47.26) (36.13) (40.81)
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Time 
(hr)

Concentration of 
2, 4-D (µg/ml) in 
the BM 

O.D. Photosynthesis Respiration 

µ moles 02 evolved /100 mg f.w. µ moles 02 Consumed/100 mg f.w.

10 min 20 min 30 min 10 min 20 min 30 min

24

0 (Control) 0.090 82.76 104.40 110.64 74.65 75.96 80.95

500 0.034 60.42 75.98 93.37 69.25 72.36 79.50

800 0.030 46.75 58.43 75.96 55.25 60.50 65.15

1000 0.25 28.71 40.75 66.94 50.29 52.25 53.46

(72.22) (65.30) (60.96) (39.49) (32.63) (31.21) (33.95)

48

0 (Control) 0.110 99.93 112.50 115.12 78.76 86.25 89.76

500 0.030 50.78 56.44 61.00 65.15 67.25 72.35

800 0.020 33.90 40.31 56.50 48.25 50.15 52.25

1000 0.15 25.80 38.40 44.81 (40.36) 42.18 45.65

(86.36) (74.18) (65.86) (61.07) (48.75) (51.09) (49.14)

 2, 4-D =2, 4-Dichlorophenoxyacetic acid; hr = hours; min = minutes; f.w. = fresh weight; BM = Basal medium; O.D. = Growth in terms of 
optical density at 663 nm.

Table 2: Effect of 2, 4-D on cellular metabolites of Synechococcus aeruginosus during O2 evolution (photosynthesis) and con-
sumption (respiration) experiments 
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0 
(Control) 0.143 0.013 100.32 113.39 37.60 20.12 0.022 0.017 181.92 43.43

500 0.125 0.0101 97.33 100.25 33.41 19.68 0.021 0.013 171.45 38.42

800 0.114 0.009 93.42 98.43 29.84 17.91 0.016 0.009 169.86 32.61

1000 0.102 0.009 88.35 95.42 25.79 14.33 0.014 0.005 158.65 27.58

(28.67) (30.75) (11.91) (15.84) (31.40) (28.77) (36.36) (70.58) (12.79) (38.49)

0 
(Control) 0.163 0.021 121.43 137.52 49.77 30.72 0.038 0.022 209.98 57.76

500 1.116 0.008 90.25 91.13 26.71 13.34 0.016 0.012 151.32 30.13

800 0.111 0.007 81.59 81.32 19.85 10.21 0.013 0.008 142.29 26.96

1000 0.101 0.004 75.32 77.32 17.82 8.25 0.010 0.004 121.35 23.20

(38.03) (80.95) (37.97) (43.77) (64.19) (73.14 (73.68) (81.81) (42.20) (59.83)

0 
(Control) 0.192 0.038 132.26 157.49 64.61 42.43 0.053 0.034 275.11 71.45

500 0.108 0.007 85.16 80.24 20.90 10.91 0.012 0.009 121.02 21.49

800 0.099 0.006 70.45 73.71 17.84 9.08 0.009 0.006 101.90 18.64

1000 0.082 0.005 62.00 67.72 13.03 6.21 0.006 0.004 80.30 12.43

(57.29) (86.84) (53.12) (57.00) (79.83) (85.17 (88.67) (88.23) (70.81) (82.60)
 
2, 4-D = 2, Dichorophenoxyacetic acid; hr = hours; min = minutes; f.w. = fresh weight; BM = Basal medium; Pnp = p-nitrophenol; (     )  = 
Figures in bracket indicate the percent inhibition at 1000 µg per ml 2, 4-D over the control. 		

DISCUSSION
The blue-green algae are an important segment of soil and water 
logged paddy fields of tropical countries and their significance 
as bio-fertilizers contributing to the nitrogen fertility was well 
documented ( Venkataraman, 1972; Watanabe and Furusaka, 
1980). Much of the information on the effects of numerous her-
bicides on algal growth has been reviewed  ((Chinnaswamy and 
Patel, 1984). Among the herbicides, 2, 4-D, a cheapest herbicide, 
has been commonly employed in the rice fields to control weeds 

and to enhance the crop yield (Street and Kurtz, 1998) and also 
for its effect on nitrogen fixation of blue-green algae (Inger, 1970).

The data obtained on Synechococcus aeruginosus indicated 
that 2, 4-D inhibited the O2 evolution (photosynthesis) and O2 
consumption (respiration) gradually, evidencing the interference 
and reduction of photosynthesis and respiration and the cellular 
metabolites with increase in the concentration and time. (Tables 
1 and 2). Wedding et al. (1954) reported that inhibitory effect of 
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2, 4-D on photosynthesis and respiration of Chlorella pyrenoidosa 
which are decreased depending upon the pH and concentration 
of undissociated 2, 4-D molecule in the growth medium. Ander-
son and Thomson (1973) reported that 2, 4-D caused the destruc-
tion of chloroplast  thereby affecting the photosynthesis in plants 
and microorganisms.   But in blue-green algae, photosynthetic 
pigments are attached on thylakoids (Fogg et al., 1973; Vanden 
Hoek et al., 1995) and arranged in arrays (Sherman et al., 1987). 
Bertagnolli and Nadakavukaren (1974) carried out the experi-
ments on the effect of 2, 4-D in Chlorella pyrenoidosa and 
postulated that the herbicide 2, 4-D damaged the chloro-
plast and also interfered in photosynthesis and respiratory pro-
cess of algal cells.   Wedding and Black (1962) studied the 
effect of 2, 4-D on Chlorella pyrenoidosa cells and reported 
that 2, 4-D enhanced, the inhibition of the incorporation of 
phosphate (P-32) into ATP which is a product formed in pho-
tophosphorylation and oxidative phosphorylation. Pfister and 
Urbach (1983) reported that the herbicides generally interfered 
with respiratory process and inhibited the action of the elec-
tron transport system and the related enzymes resulting 
in affecting the oxidative phosphorylation.  The herbicides 
interfere with the photochemical activity of photosynthetic 
pigments which cause limiting of the availability of chemical en-
ergies as ATP and the reducing power as NADPH, resulting non-
availability of energies and reducing power must be leading 
to the production of phytotoxicity.

The inhibition of photosynthetic electron transport system 
was caused due to binding up of parathion and pesticide 
to certain proteinaceous molecules located on the surface 
of photosynthetic membranes (Bose and Saroja-Subbaraj, 
1984). It is well known from literatures that 2,4-D herbicide 
cause inhibition of thylakoid electron transport chain (Boger 
and Sandmann,1998; Rutherford and Krieger –Lisz-kay,2001; 
Jones,2005;Moreland 1980;Campbell et al., 1998;Kobbia  et al 
.,1991; Xia,2005;Galhano et al.,2009), therefore we can assume 
that the function of PS  II oxygen evolving complex is affected by 
2,4-D herbicide. The inhibition of respiratory O2 consumption 
by 2,4-D could be related with the inhibition of photosynthesis 
as both processes share common intermediates in the cyanobac-
teria electron transport chain (Schmetterer,1994).

The detrimental effects of 2, 4-D in Synechococcus aerugino-
sus are expressed by the percentage reduction of the quanti-
ties of cellular metabolites which may attribute and give clue 
to the site of action of 2, 4-D in  Synechococcus aeruginosus. The 
percentage of inhibition of chlorophyll-a, carotenoids, carbohy-
drates, proteins, RNA, DNA, C-phycocyanin, allophycocyanin and 
the activities of α amylase and the acid phosphatase at 1000 mg 
per ml 2, 4-D after 48 hours incubation were 57.29, 86.84, 53.12, 
57, 79.83, 85.17, 88.67, 88.23, 70.81 and 82.10 respectively. 
Among the cellular metabolites the percent inhibition of C-
phycocyanin, allophycocyanin, carbohydrates and RNA were 
high as compared to other cellular metabolites. Probably it ap-
pears that 2, 4-D got absorbed primarily by the cell wall of blue-
green alga and bio-accumulated on the thylakoids membranes 
and it affected the pigment synthesis of photosynthesis of 
blue-green alga Synechococcus aeruginosus (Biliproteins, 
Chlorophyll) as reported by Tiwari et al (1982) followed by inac-
tivating the photosynthesis and respiration process (Tables 1 and 
2) or by impairing the pigments and uncoupling the phospho-
rylation as suggested by Wedding and Black (1962) and Pfister 
and Urbach (1983) which in turn might have led to affect the oth-
er metabolic pathways thereby reducing the cellular metabolites 
(Tables 1 and 2) and the growth of Synechococcus aeruginosus.

The inhibition of respiration by these chemicals (herbicides) can 
be attributed to affect the permeability of cell wall and bio-acu-
mulation on the thylakoids as mentioned in Chlorella sp. and 
damage the thylakoids membranes caused by binding of 2, 
4-D to certain proteinaceous molecules located on the sur-
face of these membranes ( Bose and Saroja-Subbaraj, 1984). 
Moreover, blue-green algal respiration takes place mostly from 
thylakoid membranes where pigments are arranged in arrays 
and thereby the herbicide interferes with the common compo-
nents of electron transport system of respiration and photo-

synthesis (Peschek, 1987; Kumar, 1999) thereby affecting the 
uncoupling of phosphorylation and inhibition of carbondioxide 
production as suggested in microorganisms by Bartha et al. 
(1967). 

Conclusion
Experiments are conducted with a view to determining the del-
eterious and differential effects of herbicide on the photosyn-
thesis and respiration as well as cellular metabolites of Cyano-
bacteria. Results suggested that Synechococcus aeruginosus was 
the most susceptible organism to 2,4-D .The  herbicide highly  
affected the photosynthesis and respiration  in this alga with the 
increased dose of the herbicide and duration of incubation time. 
Besides the above results, further suggests that the growth of 
the alga was reduced followed by decrease of the quantities of 
cellular metabolites. In conclusion , although the 2,4-D is useful 
agent to control the growth of weeds, their application should 
be considered because of its toxicity to the rice-field Cyanobac-
teria.
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