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ABSTRACT Ecotoxicology

This study aims to evaluate the toxicity effects of different

concentrations of Cambio on Chlorella vulgaris (0-500 pg mL1) and Research Article
Arthrospira platensis (0-50 pg mL1) algae by determining the changes

in chlorophyll-a amount, OD 750 (biomass) and antioxidant Article History
parameters (the activities of Superoxide dismutase (SOD), Ascorbate Received : 14.09.2022
peroxidase (APX), Glutathione reductase (GR) and the contents of Accepted :31.03.2023
malondialdehyde (MDA), hydrogen peroxide (H202), proline). A.

platensis is being a cyanobacterium used commercially because of its Keywords

high nutrient content. C. vulgaris used for medical and commercial Herbicide

purposes due to the capability of bioremediation, the structure of drug Stress

raw material, and nutrient compound. Ecotoxicological studies on Antioxidant

these cosmopolitan algae are important for determining the harmful
effects of chemicals on freshwater ecosystems. Cambio was toxic to A.
platensis cells at the highest concentration, however, it stimulated the
growth of C. vulgaris. For A. platensis application, the activity of
Superoxide dismutase significantly decreased at moderate
concentrations (p<0.05), while the activity of Ascorbate peroxidase
decreased at the highest concentration (p<0.05). Moreover, the
activity of Glutathione reductase rose at 20 pg mL! concentration.
Malondialdehyde and H202 did not show significant changes, but the
proline content showed significant increases in all Cambio
concentrations compared to the control (p<0.05). However, for C.
vulgaris application the antioxidant parameters did not show any
alterations. These results are indicated that the effects of Cambio on
A. platensis are more destructive than C. vulgaris.

Cambionun Arthrospira Platensis Gomont ve Chlorella Vulgaris Beijerinck (Beijerinck) Uzerinde
Olusturdugu Oksidatif Stresin Ve Biiyiime Degigimlerinin Degerlendirilmesi

Growth parameters
Algal ecotoxicology

OZET Ekotoksikoloji

Bu g¢alisma, Cambio'nun farkli konsantrasyonlarinin Chlorella

vulgaris (0-500 pg mL1) ve Arthrospira platensis (0-50 pg mL™) Aragtirma Makalesi
alglerinde olusturdugu biyokiitle (klorofil-a miktari, OD 750) ve

antioksidan parametrelerindeki (Siiperoksit dismutaz (SOD), Makale Tarihgesi
Askorbat peroksidaz (APX), glutatyon peroksidaz (GR) enzim Gelis Tarihi : 14.09.2022
aktiviteleri ve malondialdehit (MDA), hidrojen peroksit (H202) ve Kabul Tarihi :31.03.2023
prolin icerikleri) degisimleri belirlemeyi amaclamaktadir. A.

platensis, yliksek besin igerigi nedeniyle ticari olarak kullanilan bir Anahtar Kelimeler
siyanobakteridir. C. vulgaris, biyoremediasyon kabiliyeti, ilag Herbisit

hammaddesinin yapisi ve besin bilesimi nedeniyle tibbi ve ticari Stres

amagclar igin kullamilmaktadir. Cambio, en yiiksek konsantrasyonda Antioksidan

A. platensis hiicreleri i¢in toksiktir, ancak C. vulgaris in buyumesini
uyarmistir. Kozmopolit olan bu iki algin tizerinde yapilan
ekotoksikolojik calismalar kimyasallarin tatli su ekosistemlerinde
meydana getirdigi zararh etkilerin belirlenmesi adina énemlidir. A.
platensis uygulamasinda, siiperoksit dismutaz aktivitesi orta
konsantrasyonlarda; Askorbat peroksidaz aktivitesi ise en yiliksek
konsantrasyonda anlamli olarak azalmistir (p<0.05). Ayrica,

Biiytime parametreleri
Alg ekotoksikolojisi
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Glutatyon rediiktazin aktivitesi, 20 ug mL! konsantrasyonunda artig
gostermigtir. Malondialdehit ve H202 miktarinda énemli degisiklikler
gorilmemistir. Ancak prolin igerigi, kontrole kiyasla tiim Cambio
konsantrasyonlarinda énemli artiglar gostermistir (p<0.05). Ancak C.
vulgaris uygulamasi i¢in antioksidan parametrelerde herhangi bir
degisiklik gozlenmemistir. Bu sonuglar Cambio'nun A. platensis
tuzerindeki etkilerinin C. vulgaris tizerindeki etkilerine gore daha

yikic1 oldugunu géstermektedir.
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INTRODUCTION

Cambio, which is widely used as a pesticide in corn
fields in Turkey, belongs to the chemical family of the
sulfonylurea group and its active ingredient is
nicosulfuron. It is a selective herbicide used after the
emergence against annual and perennial grasses and
some broad-leaved weeds that are problematic in corn
fields. This herbicide inhibits the synthesis of leucine,
isoleucine, and valine amino acids by inhibiting the
plant's acetolactate (ALS) enzyme. It halts the
production of other plant components by blocking these
essential amino acids (Rey-Caballero et al. 2016; Wu et
al. 2022). In this way, it stops the development of
target weeds by preventing cell division and
consequently causes the death of the plants (PMRA-
ARLA, 1996; Serim et al., 2017).

Cellular homeostasis is characterized by a baseline
level of ROS that depends on the organism
developmental  stage, circadian  clock, and
environmental and physiological conditions. Different
biotic and abiotic stresses such as temperature, heavy
metals, pesticides, light intensity and nutrition
restrictions can disrupt this homeostasis, uncouple
metabolic pathways and lead to the accumulation of
ROS in different cell compartments (Bhatnagar-
Mathur et al.,, 2008; Hasanuzzaman et al.,, 2012;
Mittler et al., 2022). The increase of free radicals in the
cell is an important reason for cell damage. Especially,
cell membranes may be affected by free radicals and
may lose their fluidity and permeability through lipid
peroxidation (Tunca et al., 2022). When oxidative
stress progress, living things try to get rid of this
situation by using antioxidant defense mechanisms
Xu et al., 2022; Ozyurt et al., 2021). Superoxide
dismutase (SOD) is one of the most important
antioxidant enzymes that acts as the first step of free
radical detoxification. While catalyzing the formation
of molecular oxygen (O2) and hydrogen peroxide (H202)
from superoxide radicals, it can make the superoxide
anions less harmful (Valentine et al., 1998; Ighodaro et
al., 2017). Ascorbate peroxidase (APX) is an enzymatic
antioxidant that defends the cell from ROS in many
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organisms such as high plants, algae, and flagella. It
uses an ascorbic electron donor and catalyzes the
reduction of H2Ozto water. The task is very similar to
catalase but has a higher affinity to H2O2. Glutathione
reductase (GR) is an enzyme that is highly conserved
in bacteria, yeasts, algae, plants, animals, and
humans. It sustains the cell against ROS by forming a
GSH pool by oxidation of NADPH (Anjum, 2010). MDA
is generated by lipid peroxidation as an aldehyde
metabolite, (Cao et al. 2022; Tang et al., 2022).

In recent years, increasing usage of herbicides in
agricultural activities has indirectly affected aquatic
ecosystems (Relyea, 2005; Schmitt-Jansen &
Altenburger, 2005; Schuler & Rand, 2008; Vervliet-
Scheebaum et al., 2010). Unfortunately, the toxicity
and environmental destruction of these compounds
acting on non-target organisms are ignored by laws
and policies (Niedobova et al., 2022). Microalgae are
the non-target organism for herbicides but these
creatures are the most sensitive due to being primary
producers of food-chain in aquatic ecosystems
(Cedergreen & Streibig, 2005, Yang et al., 2022, Walsh,
1978). These features cause to transport of the
xenobiotics to higher trophic levels. Primary producers
being indicators provide wus with important
information about pollution in these systems (Tunca et
al., 2022). Arthrospira platensis is an alkaliphilic
cyanobacterium used commercially because of its high
nutrient content. Arthrospira sp. has been recorded in
Turkish algal flora (Aysel, 2005). The studies about the
biology and physiology of this algae are important, due
to being cosmopolitan. The fact that this alga exhibits
its metabolic responses to environmental stimuli in the
natural environment makes it a reliable
microorganism in ecotoxicological studies (Sili et al.
2012). C. vulgaris also used for medical and
commercial purposes due to the capability of
bioremediation, the structure of drug raw material,
and nutrient compound. C. vulgaris is unicellular and
coccoid (Kookal et al. 2023; Tamil Selvan et al. 2023).

This study aims to determine the effects of Cambio on
the development of C. vulgaris and A. platensis algae
and to evaluate the changes in antioxidant and growth
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MATERIAL and METHOD
Algae culture and treatment

A. platensis M2 (Culture collection No: SLSP01) and C.
vulgaris were obtained from Soley Microalgae Institute
California (USA) and Cukurova University (Turkey),
respectively. Spirulina Medium (Aiba & Ogawa, 1977)
was used in the culture of A. platensis and BG11
Medium (Rippka et al., 1979) was used in the culture
of C. vulgaris. The 50 mL of cultures were grown under
the conditions of 93 pumol photons m? s, in 12:12 h
circadian rhythm at 30+1 °C and 25+1 °C for A.
platensis and C. vulgaris, respectively. Various
concentrations of Cambio compound (40 g/L,
nicosulfuron EC, Istanbul, Turkey) for C. vulgaris
(100, 200, 300, 400, 500 pg mL1Y) and A. platensis (10,
20, 30, 40, 50 pg mL1) were added to the culture
medium. The concentration ranges were determined
according to preliminary laboratory experiments.

Cell growth assay

Optic density (OD) of the algae was measured for 7
days under control and stressed conditions by using a
spectrophotometer taking absorbance at 750 nm.
Cultures were diluted at a 1/10 ratio with BG11
Medium for C. vulgaris and Spirulina Medium for A.
platensis. At the same time, BG1l Medium and
Spirulina Medium were used as curves, and each
measurement was conducted every 24 h for 7 days. To
determine the Chlorophyll-a contents, methanol
extractions were performed and the samples were
measured at the absorbance of 665 nm wavelength for
7 days (MacKinney, 1941).

Antioxidant enzyme activities

On the 7th day, the centrifugation was applied to 2 mL
culture solutions of the control and each Cambio-
exposed algae medium, at 15.000 rpm for 20 min at 4
°C. Pellets resulting from centrifugation were stored
at -20 °C until the enzyme assays. The Bradford (1976)
method was performed to determine the protein
concentrations of algal cell extracts, using bovine
serum albumin (BSA) as a standard. The modified
method of Beyer and Fridovich (1987) was performed
to determine the SOD (EC 1.15.1.1.) activity, while the
Sgherri et al. (1994) method was modified to determine
the GR (EC 1.6.4.2) activity and the modified method
of Wang et al. (1991) was used to determine the APX
(EC 1.11.1.11) activity, by estimating the decreasing
rate of ascorbate oxidation at 290 nm. Detailed
information about methods was given in Kili¢ et al.
(2019), Giinsel et al. (2018) and, Onem et al. (2018).

Nonenzymatic parameters
The modified method of Heath and Packer was
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performed to determine the MDA content. For
determination of the H:20:2 content, 0.5 mL of

supernatant was mixed with 1 mL of 1 M KI and 0.5
mL of 0.1 M Tris—HC1 (pH 7.6) solutions. After 90 min,
the absorbance of the samples was measured at 390
nm according to explained in Tunca et al., (2020). The
method of Weimberg (1987) was followed for the
determination of proline content. Detailed information
about methods was given in Tunca et al. (2020).

Statistical analysis

The one-way ANOVA was used to analyze the
differences between the control and treated samples,
according to LSD. The confidence interval was selected
as 95%. Three biological replicate cultures were used
for each treatment. The mean values and standard
errors (SE) of each application were given in the
Figures.

RESULTS
Biomass and chlorophyll-a content

0D750 measurements and chlorophyll-a content of C.
vulgaris and A. platensis cultures in Cambio
application are given in Figures 1 and 2, respectively.
In A. platensis cultures, the application caused a
significant increase in biomass accumulation in a dose-
dependent manner during the first 2 days (p <0.05).
However, at the end of 4th day, the continuous decrease
was observed in biomass accumulation in a dose-
dependent manner (p < 0.05). Generally, significant
decrease was seen in chlorophyll-a content of A.
platensis cells in a dose-dependent manner at the end
of 2nd day (p <0.05). In C. vulgaris cultures, Cambio
added to the culture medium for 7 days caused a
significant increase in biomass accumulation (OD750
absorbance) in a dose-dependent manner at the
beginning of first day (p <0.05). However, during
progressive days, there was a significant increase in
the amount of chlorophyll-a in a dose-dependent
manner after the 4t» day (p <0.05).

Antioxidant enzyme activities

The activity of SOD significantly increased at 20 and
50 pg mL! concentrations in A. platensis cultures,
while it did not change significantly at all Cambio
concentrations in C vulgaris cultures (p < 0.05)
(Figure 3). SOD, APX, and GR activities of C. vulgaris
cultures did not show significantly changes compared
to control (Figures 4a and 5a). APX activity of A.
platensis significant decreased at 50 pg mL?
concentration (p <0.05) (Fig. 4b), while GR activity
significantly increased at 20 pg mL concentration (p
<0.05) (Fig. 5b).

Nonenzymatic parameters

The MDA amounts of A. platensis and C. vulgaris
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cultures exposed to different Cambio concentrations 50 png mL! concentrations in A. platensis application
did not show significant changes compared to the but it did not change in C. vulgaris at all Cambio

control (p > 0.05) (Figures 6 and 7). H2O2 amount did concentrations compared to the control (p< 0.05)
not alter in either organism. On the other hand, the (Figure 8).
proline content displayed increases at 20, 30, 40, and
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Figure 1. Alterations of chlorophyll-a content in (a) C. vulgaris and (b) A. platensisby Cambio treatment for 7 days.
The asterisks show statistical differences at the 95% confidence interval. Experiments were carried out
in triplicate. SE is shown as bars on the chart.

Sekil 1. (a) C. vulgaris ve (b) A. platensis alglerinde 7 giin boyunca Cambio uygulamasi ile klorofil-a igerigindeki
degisiklikler. Yildiz isaretleri, %95 giiven araliginda istatistiksel farkhiliklar: gostermektedir. Deneyler
li¢ tekrar halinde gergeklestirilmistir. SE, grafikte ¢ubuklar olarak gosterilmektedir.
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Figure 2. Alterations of OD 750 absorbances in (a) C. vulgaris and (b) A. platensisby Cambio treatment for 7 days.
The asterisks show statistical differences at a 95% confidence interval. Experiments were carried out in
triplicate. SE is shown as bars on the chart.

Sekil 2. (a) C. vulgaris ve (b) A. platensis alglerinde 7 giin boyunca Cambio uygulamasi ile biiyiime egrilerindeki
degisiklikler. Yildiz isaretleri, %95 giiven araliginda istatistiksel farkliliklar: géstermektedir. Deneyler
li¢ tekrar halinde gergeklestirilmistir. SE, grafikte ¢ubuklar olarak gosterilmektedir.
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Figure 3. Alterations of SOD activities of (a) C. vulgaris and (b) A. platensis by Cambio treatment. The asterisks
show statistical differences at a 95% confidence interval. Experiments were carried out in triplicate. SE
is shown as bars on the chart.

Sekil 3. (a) C. vulgaris ve (b) A. platensis'in Cambio uygulamasiyla SOD aktivitelerinde meydana gelen
degisiklikler. Yildiz isaretleri, %95 giiven araliginda istatistiksel farkhliklar: gostermektedir. Deneyler
li¢ tekrar halinde gerceklestirilmistir. SE, grafikte ¢ubuklar olarak gosterilmektedir.
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Figure 4. Alterations of APX activities of (a) C. vulgaris and (b) A. platensis by Cambio treatment. The asterisks
show statistical differences at the 95% confidence interval. Experiments were carried out in triplicate.
SE is shown as bars on the chart.

Sekil 4. (a) C. vulgaris ve (b) A. platensisin APX aktivitelerinde Cambio uygulamasi ile meydana gelen
degisiklikler. Yildiz isaretleri, %95 giiven araliginda istatistiksel farkhliklar: gostermektedir. Deneyler
li¢ tekrar halinde gergeklestirilmigtir. SE, grafikte ¢ubuklar olarak gostermektedir.
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Figure 5. Alteration of GR activities of (a) C. vulgaris and (b) A. platensis Cambio treatment. The asterisks show
statistical differences at the 95% confidence interval. Experiments were carried out in triplicate. SE is
shown as bars on the chart.

Sekil 5, (a) C. vulgaris ve (b) A. platensis Cambio uygulamasi ile GR aktivitelerinde meydana gelen degisiklikler.
Yildiz isaretleri, %95 giiven araliginda istatistiksel farkliliklar: gostermektedir. Deneyler ti¢ tekrar
halinde gerceklestirilmigtir. SE, grafikte ¢ubuklar olarak gosterilmektedir.
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Figure 6. Alterations of H202 content in (a) C. vulgaris and (b) A. platensis by Cambio treatment. The asterisks
show statistical differences at the 95% confidence interval. Experiments were carried out in triplicate.
SE is shown as bars on the chart.

Sekil 6. Cambio uygulamasiyla (a) C. vulgaris ve (b) A. platensis alglerindeki H-0: iceriginde meydana gelen
degigsiklikler. Yildiz isaretleri, %95 giiven araliginda istatistiksel farkliliklar: gostermektedir. Deneyler
li¢ tekrar halinde gergeklestirilmigtir. SE, grafikte ¢ubuklar olarak gosterilmektedir.
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Figure 7. Alterations of MDA content in (a) C. vulgaris and (b) A. platensis by Cambio treatment. The asterisks
show statistical differences at the 95% confidence interval. Experiments were carried out in triplicate.
SE is shown as bars on the chart.

Sekil 7. (a) C. vulgaris ve (b) A. platensis'te Cambio islemi ile MDA igeriginde meydana gelen degisiklikler. Yildiz
1saretleri, %95 giiven araliginda istatistiksel farkliliklar: gostermektedir. Deneyler li¢ tekrar halinde
gerceklestirilmistir. SE, grafikte ¢ubuklar olarak gosterilmektedir.
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Figure 8. Alterations of Proline content in (a) C. vulgaris and (b) A. platensis Cambio treatment. The asterisks
show statistical differences at the 95% confidence interval. Experiments were carried out in triplicate.

SE is shown as bars on the chart.

Sekil 8. (a) C. vulgaris ve (b) A. platensis Cambio tedavisinde Prolin igeriginde meydana gelen degisiklikler. Yildiz
1saretleri, %95 giiven araliginda istatistiksel farkliliklar: gostermektedir. Deneyler li¢ tekrar halinde
gerceklestirilmistir. SE, grafikte ¢ubuklar olarak gosterilmektedir.

DISCUSSION

Until environmental toxicology studies scientifically
contradict, Cambio has been considered a herbicide
that can be used in agriculture (PMRA-ARLA, 1996;
EPA, 2004). In the literature, there is no study on the
effect of this herbicide on aquatic system organisms.
Therefore, the effect of Cambio on two different algae
(one is eukaryotic and the other is prokaryotic) was
investigated in this study. The effective concentrations
of Cambio for C. vulgaris were around 10 times higher

1130

than for A. platensis. 1t is found that higher
concentrations (> 20 pg mL1) of Cambio have growth
inhibitory effects on A. platensis cyanobacteria
according to OD750 nm absorbance and chlorophyll-a
content. These different effect of two application may
arise from the detoxification capability of the
organisms having different cell types (Lynch and
Marinov, 2018).

Bozic et al. (2016) observed that chlorophyll production
increased due to herbicide stress when they used
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nicosulfuron in sunflower breeding. They have
attributed this to the inhibition of acetolactate
synthase (ALS) and different defense responses of
plants to nicosulfuron. Wang et al. (2022) found that
nicosulfuron led to the disruption in the function of
PSII in sugar beet leaf. It is obvious that nicosulfuron
caused to the decrease in photosynthetic parameters in
lower by significant photoinhibition. Leboulanger et
al., (2001) have examined the effect of Atrazine and
Nicosulfuron herbicides on the growth rate of
Pseudokirchneriella subcapitata, C. vulgaris, Navicula
accomoda, and Oscillatoria Iimnetica algae. They have
observed that EC50s for Atrazine arranged between 40
and 100 pg L1, whereas overall, nicosulfuron inhibited
only the growth of O. limnetica. Similarly, Seguin et al.
(2001) have reported that the EC50 of Atrazine range
between 4 and 400 pg Lt concentrations on different
microalgae and nicosulfuron have been found less toxic
atrazine. Nicosulfuron have been grouped in
sulfonylurea herbicides, and in some studies, these
herbicide group has been found less toxic to algae
(Soares et al., 2022). Cambio is also a sulfonylurea
herbicide, however, its toxicity was very effective on A.
platensis. On the other hand, it stimulated the growth
of C. vulgaris in the study. This can be attributed to
either the perception of the herbicide by C. vulgaris as
a stress factor or the use of the herbicide as a substrate.
Nystrom et al., (1999) investigated that the
sulfonylurea  sensitivity  displayed  differences
according to algae species. Since these pesticides are
capable of blocking the synthesis of essential amino
acids (Seguin et al., 2001; Ma et al., 2002), Neilson and
Larsson (1980) have suggested that the sulfonylurea
sensitivity in the algae arises from the different
properties of the incorporation of amino acids.

SOD enzyme activity in A. plantensis cultures firstly
showed a tendency to increase at 20 and 50 pg mL!
concentrations but it did not change at 30 and 40 pg
mL concentrations. It may have been occurred due to
running out of the cellular concentrations of the
enzyme at these concentrations but it may have
triggered the gene expression of the enzyme at 50 pg
mL concentration. Qian et al. (2008) have exposed
different concentrations of glufosinate to C. vulgaris
cultures and they have observed a similar increase in
SOD activity. They explained this situation that
glufosinate produced superoxide radicals (-O2-) in the
cells. To explain the enhancement of SOD activity, it
can be suggested that the herbicide may be effect
directly the SOD gene or, it may increase the -Os
radicals in the medium (Wang and Ki, 2020).
Moreover, Cypermethrin insecticide has been tested on
Scenedesmus obliquus algae, and it has been found
that this insecticide has enhancing effect at low
concentrations on SOD activity (Wang et al., 2012).
This sensitivity could be affected by the blocking of a
specific enzyme which plays a role in the production
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essential amino acids. In this way, the production of
chlorophyll may decrease. And also, SOD activity
reductions may arise from a deficiency of
photosynthetic metabolism (Onem et al., 2018). The
activity of SOD significantly decreased at moderate

concentrations and Cambio caused decreases in
chlorophyll-a content of A. platensis.
In A. platensis cultures exposed to Cambio

concentrations, only 20 ng mL! showed a significant
increase in GR activity compared to control. Bajguz
(2010) observed that when heavy metals such as
cadmium, copper, and lead were applied to C. vulgaris,
GR activity increased. Geoffroy et al. (2002) suggested
that when they applied the different concentrations of
diuron on S. obliquus, they obtained poor GR
stimulation results. The antioxidant defense system
and also production of ROS were decreased due to the
phenylurea (diuron).

In the study, it was observed that A. platensis cultures
exposed to different concentrations of Cambio did not
change the MDA and H202 amounts compared the
control. Lipid peroxidation end- product known as
MDA, which is the indicator of oxidative stress in the
cells (Freire et al. 2023). H2Oz is a weak reducing
compound and causes the formation of hydroxyl
radical, and thus cell damage (lipid peroxidation)
(Ozcan et al., 2015). The absence of significant changes
in the amount of H2021in the cell suggests that it may
be due to the effectiveness of enzymes that consume
H202 content, such as the APX (Mallick and Mohn,
2000). In the study, SOD and APX enzyme activities
conduct to the H20O2 and MDA levels at the same
concentration. Likewise, the MDA content was
balanced with protective effect of the proline content.
In other words, these antioxidant defense systems
were related with the levels of oxidant biomarkers. The
free proline amount of A. platensis cultures displayed
increases between 20-50 pg mL! concentrations with
the Cambio application. It has been reported that ROS,
which occurs due to the toxicity of endosulfan during
photosynthesis, causes proline accumulation due to
membrane peroxidation and oxidation problems
(Kumar et al., 2008). In addition, studies with
Spirulina and Anabaena species suggest that proline,
which has a metal chelating feature due to metal ion
stress, increases with metal toxicity and consequently,
it increases the amount of protein in the cells (Sultan
& Fatma 1999; Kumar et al., 2004; Choudhary et al.,
2007). It is known proline prevents the formation of
ROS in stress conditions (Phetchuay et al., 2019), and
works as a function and structure stabilizer by
interacting with macromolecules such as protein and
cell membrane as an OH-ion trap (Rezayian et al.
2019).

The activities of SOD, APX, GR enzymes, and the
amount of MDA, H202, and proline did not show a
significant change in C. vulgaris. In the study on C.



KSU Tarim ve Doga Derg 26 (5), 1120-1134, 2023
KSU J. Agric Nat 26 (5), 1120-1134, 2023

Arastirma Makalesi
Research Article

vulgaris, the results indicated that Cambio did not
cause oxidative stress to increase at all concentrations.
Moreover, it was seen that this herbicide promotes
growth in this algae, and thus lipid peroxidation and
oxidative damage prevents.

CONCLUSION

The study indicated that the effects of Cambio on A.
platensis are more destructive than C. vulgaris. This
situation can be explained by the different cell
structures of these organisms. Since that the advanced
detoxification mechanisms of C. vulgaris can tolerate
higher levels than the concentrations in the A.
platensis application. Moreover, it should be noted that
one freshwater ecosystem is not exposed to a uniform
herbicide/pesticide, and any pesticide entering the
system can also degrade and forms different products.
Therefore, different combinations of pesticides on
microorganisms should be studied (Delorenzo et al.,
2001). Because, in sites polluted with solvents, two or
more organic compounds are often found together in
the environment (Wu et al., 2014). The use of these
small single-celled organisms as quick and reliable
indicators in the detection of environmental
contamination compared to the other plants will be a
pioneer for further studies.
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