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Abstract: The herbicides most commonly used in Turkey are trifluralin (α,α,α-trifluoro-2,6-dinitro-N,N-dipropyl-p-toluidine), 2,4-D (2,4-

dichlorophenoxyacetic acid), and linuron [3-(3,4-dichlorophenyl)-N-methoxy-N-methylurea]. The effects of these three herbicides on the

growth of 10 threatened aquatic cyanobacterial isolates were tested by using 9-day exposure experiments at concentrations of 50-200 mg l-1

for trifluralin and 2,4-D and 0.05-1 mg l-1 for linuron. Concentrations of herbicides that elicited a 50% growth reduction over 9 days (EC
50

)

were 136-882 mg l-1 trifluralin, 122-747 mg l-1 2,4-D, and 0.002-0.714 mg l-1 linuron. Synechocystis sp. H
6
 was more tolerant to the three

herbicides than the other isolates of cyanobacteria. Chroococcus sp. S
27

, Microcystis sp. S
17

, and Synechococcus sp. S
24

 were the most

sensitive to trifluralin, 2,4-D, and linuron, respectively. There has been increasing awareness about using cyanobacteria as pollution control

agents. The present study indicated that as the concentrations of the these herbicides were increased, significant changes were recorded

in cyanobacterial growth rates. Results obtained from this comparative study allow the choice of suitable herbicides for agricultural

practices based on their effects on cyanobacterial growth.
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Introduction

Herbicide contamination of water systems has been of

major concern in recent years. The pollution of aquatic

environments with herbicides is effected through their use in the

control of aquatic weeds, leaching and runoff from agricultural

fields (Ying and Williams, 2000). Numerous studies have been

conducted to determine the harm of these pollutants on living

organisms in aquatic systems (Fairchild et al., 1997; Waldhoff et

al., 2002). Among living aquatic organisms, phytoplankton such

as unicellular algae which are important components of the aquatic

food chain, have attracted most of the concerns. Herbicides are

chemicals commonly used to control weeds in agricultural activities.

Some of the applied herbicides are continuously discharged into

aquatic environments through the surface run-off, such discharge

can lead to contaminated aquatic environments which are

hazardous to resident organisms (Fargasova, 1994).

Cyanobacteria are a group of prokaryotic, autotropic organisms

that are abundant in terrestrial, freshwater, and marine

environments (Fogg, 1973). They can produce algal toxins, but

can also fix atmospheric nitrogen, which has important implications

for humans and aquatic organisms (An and Kampbell, 2003).

About one-half of the herbicides presently used in

agriculture act by inhibiting the light reactions in photosynthesis,

mostly by targeting the photosystem II (PSII) complex (Draber et

al., 1991; Schreiber et al., 2002). A series of algal and

cyanobacterial PSII-based whole-cell (Brewster et al., 1995;

Campanella et al., 2000) and tissue (Marty et al., 1995; Rizzuto

et al., 2000) biosensors have, therefore, been developed for

detection of the class of herbicides which inhibit photosynthetic

electron transport.

Trifluralin (TFL), 2,4-dichlorophenoxyacetic acid (2,4-D)

and linuron (LIN) are three persistent herbicides applied widely in

Turkish horticulture and viticulture due to their effectiveness and

low cost (Elkoca et al., 2005; Uludag et al., 2006; Ozyigit et al.,

2007). Trifluralin is a pre-emergence, soil incorporated herbicide

that has been in agricultural use since the early 1960s and is

moderately persistent in soil. TFL is degraded by photolysis and

biological activity (Bellinaso et al., 2004).

Phenylurea herbicides such as linuron, diuron, isoproturon

and others are widely used for pre- and post- emergence control of

annual grasses and broad-leaved weeds. Given the slow natural

attenuation rate in various soils with respect to mineralization of the

phenyl structure (half-life in soil of 38 to 67 days) (Caux et al.,

1998) and the potential carcinogenic risk of these herbicides and

their potential intermediates such as chloroanilines (Scassellati

Sforzolini et al., 1997; Tixier et al., 2001, 2002), there is a serious

need to develop remediation processes to eliminate or minimize

contamination of surface and groundwater. Phenylurea herbicides

are considered to be moderately to highly toxic to aquatic organisms

(Breugelmans et al., 2007) and these herbicides can inhibit

photosynthesis by blocking electron transfer (Wraight, 1981).

Herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) has been

widely used for the selective control of weeds in gardens and

farming due to its high herbicide activity, moderate toxicity to warm-

blooded animals, and low cost (Sklyarov et al., 1986). The decay

of 2,4-D in nature is a slow process with a mean lifetime of 20 days,

and the degradation products can be accumulated in soil or water

media (Matsumura and Murti, 1982; Pichat et al., 1993). In fresh

water, 2,4-D in concentrations higher than 1 mg l-1 can not be
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effectively decomposed by microorganisms (Hoover et al., 1986).

2,4-D inhibits algal growth, photosynthesis and chlorophyll-a

synthesis (Wong, 2000).

The main objective of the present study was to investigate

the toxicity of TFL, 2,4-D and LIN on the growth of some isolates of

cyanobacteria (blue-green algae) that are widely distributed in

natural freshwater ecosystems of Turkey, particularly those receiving

polluted effluents.

Materials and Methods

Organisms and cultivation conditions: Ten cyanobacterial

isolates were obtained from the Gazi University Culture Collection

of Microalgae. Isolates were grown routinely in BG-11 liquid medium

(Rippka et al., 1979) in glass flasks (125 ml) on an illuminated

shaker at 25oC, with constant illumination (50 µmol quanta m-2 s-1

from cool-white fluorescent lamps) at a light/dark period of 12 hr/12

hr for 9 days. Isolates were kept on agar slants at approximately

4oC.

Toxicities of herbicides: The impact of increasing concentrations

of the herbicides TFL, 2,4-D, and LIN (purchased from Safa

Agriculture, Turkey) on the growth and survival of cyanobacterial

isolates was determined in BG-11 medium by monitoring variations

in the concentrations of chlorophyll-a (Hirschberg and Chamovitz,

1994) at regular 72-hr intervals as a growth parameter.

Cyanobacterial cultures were exposed to 50–200 mg l-1 TFL, 50-

200 mg l-1 2,4-D, or 0.05–1 mg l-1 LIN. The EC
50

, significance level

and correlation coefficient calculated by the commonly used probit

analysis (Finney, 1971), was defined as the herbicide concentration

causing 50% mortality within 9 days. The toxicity test for each

herbicide concentration was conducted in duplicate. Control cultures

containing no herbicide were included in each toxicity test.

Results and Discussion

 All the three herbicides (TFL, 2,4-D and LIN) are water-

soluble, and their residues in agricultural fields could be easily

transferred to aquatic environments through surface runoff (Spalding

et al., 2003; Leu et al., 2005). These herbicides effectively control

their targeted weeds; however, it is of great importance to understand

their effects on non-targeted organisms in aquatic environments. As

pollution control agents, cyanobacteria possess many advantages

over other microorganisms. They are also known to inhabit various

aquatic environments, especially polluted and heavily polluted ones,

where they have a wide distribution and may be dominating

microfloral populations in these systems. Cyanobacteria have been

shown to be highly effective as accumulators and degraders of

different kinds of environmental pollutants, including herbicides (El

Bestawy et al., 2007). Most research has shown that in aquatic

ecosystems, the formation of algal blooms is attributed to the

overabundance of algal growth and the gradual shift of algal

community structure (Boutin and Rogers, 2000; Siegel et al., 2002).

However, there are only a few reports examining whether there

exists another factor contributing to algal blooms, such as pollutants,

to which cyanobacteria have greater sensitivities. In the present
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Table - 1: Investigated isolates of cyanobacteria and their geographical origin

Isolatesa Origin

Chroococcus sp. H
4

Mogan lake, Ankara

Chroococcus sp. S
27

Kurtbogazi Dam, Ankara

Chroococcus sp. S
58

Uncali stream, Antalya

Microcystis sp. S
17

Bafa lake, Aydin

Microcystis sp. S
31

Eryaman pond, Ankara

Microcystis sp. S
44

Bafa lake, Aydin

Synechococcus sp. S
24

Uncali stream, Antalya

Synechococcus sp. S
41

Uncali stream, Antalya

Synechocystis sp. H
6

Kizilirmak river, Kirikkale

Synechocystis sp. S
63

Uncali stream, Antalya

a = Isolate codes according to the culture collection of microalgae of Gazi

University in Turkey

Table - 2: Dose-response relationship of TFL to cyanobacterial isolates

Isolates
Significance Correlation EC

50

level  coefficient (mg l–1)

Chroococcus sp. H
4

0.0131 0.9506 467

Chroococcus sp. S
27

0.0001 0.9992 136

Chroococcus sp. S
58

0.0439 0.8885 613

Microcystis sp. S
17

0.0036 0.9792 196

Microcystis sp. S
31

0.0493 0.8795 573

Microcystis sp. S
44

0.0968 0.8097 693

Synechococcus sp. S
24

0.0166 0.9420 205

Synechococcus sp. S
41

0.0026 0.9833 368

Synechocystis sp. H
6

0.0024 0.9840 882

Synechocystis sp. S
63

0.0273 0.9192 169

Table - 3: Dose-response relationship of 2,4-D to cyanobacterial isolates

Isolates
Significance Correlation EC

50

level  coefficient (mg l–1)

Chroococcus sp. H
4

0.0264 0.9209 319

Chroococcus sp. S
27

0.0095 0.9600 366

Chroococcus sp. S
58

0.0379 0.8992 134

Microcystis sp. S
17

0.0199 0.9346 122

Microcystis sp. S
31

0.0108 0.9565 145

Microcystis sp. S
44

0.0157 0.9442 643

Synechococcus sp. S
24

0.0105 0.9573 188

Synechococcus sp. S
41

0.0294 0.9150 375

Synechocystis sp. H
6

0.0084 0.9633 747

Synechocystis sp. S
63

0.0023 0.9846 169

Table - 4: Dose-response relationship of LIN to cyanobacterial isolates

Isolates
Significance Correlation EC

50

level  coefficient (mg l–1)

Chroococcus sp. H
4

0.0460 0.8851 0.441

Chroococcus sp. S
27

0.0024 0.9842 0.206

Chroococcus sp. S
58

0.0002 0.9967 0.218

Microcystis sp. S
17

0.0612 0.8606 0.162

Microcystis sp. S
31

0.0453 0.8862 0.120

Microcystis sp. S
44

0.0157 0.9442 0.399

Synechococcus sp. S
24

0.1223 0.7768 0.002

Synechococcus sp. S
41

0.0069 0.9677 0.022

Synechocystis sp. H
6

0.0319 0.9101 0.714

Synechocystis sp. S
63

0.0315 0.9109 0.038

382
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study, 10 cyanobacterial cultures that are common in freshwater

ecosystems in Turkey were used to evaluate the toxicities of three

herbicides. There are only a few reports on the sensitivity of

cyanobacteria to herbicides. Differential sensitivities of cyanobacterial

species to these compounds could lead to changes in the structures

of communities (Boyle, 1984; Tadros et al., 1994; Ma et al., 2002,

2003).

In the present study, growth inhibition in the selected species

by TFL, 2,4-D, and LIN was determined as the reduction in the

chlorophyll-a content of 10 cyanobacterial isolates. Specification of

isolates and their original habitats are listed in Table 1. Acute toxicity

of the three herbicides to the cyanobacterial isolates is shown in

Tables 2, 3 and 4. The relative toxicities of the herbicides to the

isolates was found to be LIN > 2,4-D > TFL.

Synechocystis sp. H
6
 was more tolerant to three herbicides

than the other species of cyanobacteria. The ninth day EC
50

 of

three herbicides (TFL, 2,4-D and LIN) on Synechocystis sp. H
6

were 882, 747 and 0.714 mg l-1, respectively. The ninth day EC
50

of LIN ranged from 0.002 to 0.714 mg l-1. Acute toxicity of LIN was

higher than TFL (136 to 882 mg l-1) and 2,4-D (122 to 747 mg l-1)

to the cyanobacterial isolates. Chroococcus sp. S
27

 (EC
50

 136 mg l-1)

was the isolate most sensitive to TFL. Synechocystis sp. S
63

 (EC
50

169 mg l-1) and Microcystis sp. S
17

 (EC
50

 196 mg l-1) were also

sensitive to TFL. Fairchild et al. (1997) reported that TFL exhibited

high toxicity to Selenastrum capricornutum (EC
50

 0.673 mg l-1) and

Lemna minor (EC
50

 0.170 mg l-1). According to the EC
50

 of the

investigated species, all isolates used in this study were more tolerant

to TFL than Selenastrum capricornutum or Lemna minor (Fairchild

et al., 1997). Also Cetin and Mert (2006) reported that increasing

TFL concentration decreased growth of S. acutus in a dose-

dependent manner.

2,4-D, a synthetic growth hormone analog, was reported

to stimulate growth in cyanobacteria at low concentrations (Mishra

and Pandey, 1989). Singh and Datta (2006) reported that 14.8 mg l-1 of

2,4-D inhibited 50% growth of Anabaena variabilis. However, at

the higher concentrations used in our study, growth inhibition of

cyanobacterial isolates was observed. Microcystis sp. S
17

 (EC
50

122 mg l-1) was found to be most sensitive to 2,4-D. Wong (2000)

showed that the presence of 200 mg l-1 2,4-D completely inhibited

Scenedesmus quadricauda growth. Most of the isolates exposed to

2,4-D in our study were more tolerant than Scenedesmus

quadricauda (Wong, 2000). Synechococcus sp. S
24

 (EC
50

 0.002

mg l -1) was observed to be least tolerant to LIN. Linuron

concentrations of 0.05-1 mg l-1 had significantly inhibited the growth

of Synechococcus sp. S
24

, Synechococcus sp. S
41

 and Synechocystis

sp. S
63

 at the ninth day of exposure. In this study, concentrations of

TFL, 2,4-D and LIN significantly reduced the chlorophyll-a contents

of the treated cyanobacterial cultures.

In conclusion, the present study provides information about

the growth inhibitory effects of the herbicides TFL, 2,4-D and LIN

on some cyanobacterial species isolated from different fresh waters

of Turkey. Toxicity analysis of three herbicides by cyanobacterial

isolates was found useful for the detection of toxic compounds. The

different cyanobacterial isolates were found to exhibit different

sensitivities to the herbicides.
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