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   ABSTRACT  

We searched estimated the effects of Calliofop 36EC on biometrics (ratio MF / MS), proteins, antioxidant enzyme activity 
(CAT), biomarquere oxidative stress, and respiratory metabolism in both plants studied Elodea canadensis and Lemna minor. 
Concentrations of selected Calliofop 36EC range from 35µg to 140µg and processing is done at 3 and 14 days. The results 
show that the Calliofop 36EC significantly reduces the ratio MF / MS and stimulates protein synthesis highly significantly (p 
≤ 0.001) . Meanwhile the xenobiotic studied causes a large increase in CAT antioxidant enzyme activity indicative of 
oxidative stress produced by the Calliofop 36EC. Finally, a strong disturbance of the respiratory metabolism of the two plants 
studied it is observed resulted in a strong inhibition of respiratory activity. Our results demonstrate an oxidative stress 
generated by treatment with Calliofop 36EC much higher in Elodea canadensis than in Lemna minor.  
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 Introduction  
             Each year thousands of tons of contaminants 
from domestic sources, industrial and agricultural 
chemicals are discharged directly or indirectly into 
surface waters. Among the major pollutants found among 
other elements from fertilizers (nitrogen, phosphorus), 
pesticides and heavy metals [14]. Assessing and 
managing risk at low doses of chemical contaminants on 
ecosystems is an approach that requires the integration of 
different knowledge in the field of environment. 
Substances resulting from human activity (industrial, 
agricultural ...) can contaminate the short to medium term 
environment, and are responsible for various alterations 
of the environment. Water in particular is a major driver 
of anthropogenic contaminants and consequently aquatic 
ecosystems are particularly vulnerable. Transport (lakes, 
rivers ...) and transformations (biodegradation, 
hydrolysis, photolysis, ...) of these pollutants and 
assessing their effects on components of aquatic 
ecosystems should be integrated in a process of risk 
assessment [17]. During evolution, plants have evolved 
complex  
 
mechanisms to absorb organic substances or mineral soil, 
water and air through their roots and leaves, which are 
then transported other parts of the plant to be used,  
processed, stored or degraded [9]. The ability of plants to 
reduce turbidity, pollution by organic matter and nutrients 
from 50 to over 80 % is now well recognized [34].  
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Plants have an advanced system of defense against ROS 
involving enzymatic and non enzymatic means. Catalase, 
peroxidase are antioxidant enzymes that play a role in  
maintaining safe levels of H2O2 and therefore contribute 
to the protection of plants against ROS damage [19]. 
Aquatic plants have shown their effectiveness in 
removing organic pollutants such as phenols, 
organochlorine and organophosphorus compounds, 
chlorobenzenes, and even pesticides [11]. Regarding the 
latter, the removal efficiencies using aquatic plants are 
variable, from 20 to 95% depending on the 
physicochemical properties of molecules and the type of 
plants [35,16,29,38,10,5]. Aquatic plants therefore appear 
to have great potential in the process of phytoremediation 
of pesticides.  
  Our choice was therefore focused on two water plants: 
Elodea canadensis (Michaux, 1803) and the duckweed 
Lemna minor, these are plants with a role of macrophytes 
filtration, produce lots of oxygen and have a rate of 
accumulation of heavy metals very high, in particular the 
capture of ammonia and nitrates. In addition, these 
hydrophytes are considered important components of lake 
ecosystems, providing habitat for many aquatic 
invertebrates and cover for young fish and amphibians. 
This study evaluates the effect in the laboratory of the 
herbicide Calliofop 36 EC, on biometrics (the ratio of 
fresh material / dry matter), the biochemical composition 
(total protein) and activity of a specific enzyme oxidative 
stress: catalase (CAT) and respiratory metabolism 
(respiration followed by photosynthesis) in Elodea 
canadensis and Lemna minor. 
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Material and Methods  
 
Experimental material:  
 
Elodea canadensis, is an aquatic species and submerged 
oxygenating pond or aquarium, a long, thin stems with 
small leaves translucent, tiny purple flowers floating 
green, dicotyledonous family of hydrocharitacées native 
to North America, it grows excessively and is very 
durable [28]. 
 Lemna minor, commonly known as duckweed and 
duckweed, an aquatic macrophyte is small vascular 
belonging to the family Lemnaceae. The members of this 
family of angiosperms are monocots floating on the 
surface of calm water or just below [20].  
 
The herbicide used:  
 
The herbicide used is the Calliofop 36 EC is a product 
Arysta LifeScience (active ingredient: diclofop-methyl). 
Diclofop-methyl active ingredient is a herbicidally active. 
It is an inhibitor of the enzyme ACCase (acetyl-CoA 
carboxylase). This is an anti-grass, which is essentially 
through leaves. The active ingredient was developed in 
the 1970s by Hoechst AG. Since 31/12/2001, she fell into 
the public domain after being owned by Agrevo (then 
Bayer CropScience).  
 
Chemical structure of diclofop-methyl [39]:  
\ 

 
Family: aryloxyphenoxy-propionates. Chemical formula: 
C16H14Cl2O4  
Synonym: Methyl 2 - (4 - (2,4-dichlorophenoxy) 
phenoxy-propionate, 2 - [4 - (2,4-dichlorophenoxy)-
phenoxy-propanoic acid methyl ester  
Performing the test:  
To test the effect of the herbicide Calliofop 36 EC on the 
Elodea Canada and the duckweed Lemna minor, we 
chose the following doses, 0 (control), 35, 70, and 140ug 
product with three replicates by treatment with 3 and 14 
days. 

Biometric parameter  
 
The ratio (MF / MS)  
 
The measurements were made after 3 and 14 days of 
treatment, using a precision balance for determining the 
weight of the samples. The plant dry matter is obtained 
after passage of samples in an oven, for 24 hours at a 
temperature of between 85 and 100 ° C. 
Biochemical assay:  

Total protein:  
 
The total protein of Elodea canadensis and Lemna minor 
is made by the method of Bradford [3] using Coomassie 
blue (G250, Merck) as reagent and bovine serum albumin 
(BSA, Sigma) as standard protein. The absorbance 
reading is carried out at the wavelength of 595 nm.  
 
Enzymatic assay:  
Determination of catalase activity (CAT):  
 
The spectrophotometric assay of catalase activity (CAT) 
is produced by the method of (Cakmak and Horst, 1991). 
The decrease in the DO is recorded for 1 min, for a 
wavelength of 240nm, and a linear molar extinction 
coefficient ξ = 39,400 cm Mr. L. to a final volume of 
3ml. The reaction mixture contained 100µl of the crude 
enzyme extract, 50µl of hydrogen peroxide H ₂ O ₂ was 
0.3% and 2.8 ml Na K buffer (50 mM Na K, pH = 7.2). 
The reaction is initiated by the addition of hydrogen 
peroxide and catalase activity is expressed in nmol / min / 
mg protein.  
 
Measurement of respiratory activity:  
 
Respiratory metabolism was assessed by measuring the 
respiratory activity of leaves of E. canadensis L. and 
L.minor. The respiratory activity was monitored using a 
Clark oxygen electrode (Hansatech Ltd, Kinj's Lym, U, 
K) coupled to a computer. The reaction medium contains 
buffer (10 mM phosphate) at pH 7.2 and 0.5 to 1 g of 
leaves. The glass cell, a volume adjustable from 1 to 2 ml 
is thermostated at 25 ° C. [13].  
 
Statistical analyzes:  
The results are analyzed by the Minitab 13.31 for 
Windows (X, 2000). The data are represented by the 
mean plus or minus the standard deviation (m ± s). 
Means were compared in pairs by the Student t test. The 
significance level was (p ≤ 0.05).  
Results: 

 Effects of Calliofop 36 EC on the ratio MF / MS: 

Figures 01 and 02, representing the effects of Calliofop 
36EC on plant biomass, in Elodea Canadensis indicates a 
reduction in the ratio MF / MS 3 days of treatment, this 
reduction was highly significant (p ≤ 0.001) to know 
(4%) by contribution to the witness, which does not seem 
to be the case for 14 days where the difference is 
recorded significant (p ≤ 0.05) and where the reduction is 
about 2% each, by the witness. However, effects of the 
herbicide on the biomass of Lemna minor showed a 
significant decrease (p ≤ 0.05) in the ratio MF / MS 3 
days of treatment, namely (25%) contribution by the 
witness. After 14 days, there was a significant decrease (p 
≤ 0.01), (27%) compared to control. 

In Elodea canadensis: 
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Fig 01: Effects of Calliofop 36 EC on Fresh and dry Matter in Elodea canadensis (m±sD ; n=3). 

In Lemna minor                           

 

Fig 02: Effects of Calliofop 36 EC on Fresh and dry Matter in Lemna minor (m±sD ; n=3). 

Effects of Calliofop 36 EC on the content of total protein 
( µg/mg of MF) 

The figures 3 and 4, illustrate the effects of the Calliofop 
36CI on the total protein content among the two 
Macrophytes, we note a highly significant stimulation in 

total protein (p ≤ 0.001 ) of treaties by contribution to the 
witness to 3 and 14 days of treatment, for the two plants 
Elodea canadensis and Lemna minor . In Elodea 
canadensis increase is clearly visible after 14 days of 
treatment, with a greater stimulation of protein synthesis, 
while the results are similar in Lemna minor. 

 

In Elodea Canadensis  

 

Fig 03: Effects of Calliofop 36 EC on the content of total protein ( µg/mg of MF) in Elodea canadensis (m±sD ; n=3). 
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In Lemna minor  

 

Fig 04: Effects of Calliofop 36 EC on the content of total protein ( µg/mg of MF) in Lemna minor (m±sD ; n=3). 

Effects of Calliofop 36 EC on the Catalase activity (CAT) 
(nmol / min / mg Prot):  
 
The effects of Calliofop 36 EC on the catalase activity 
(CAT) are shown in Figures 5 and 6 in Elodea canadensis 

in Lemna minor, reveal that the latter increases very 
significantly (p ≤ 0.001) contribution by the witness, in 
Elodea canadensis and significantly (p ≤ 0.05) by 
contribution to the witness in Lemna minor. 

In Elodea Canadensis  

 

Fig 05: Effects of Calliofop 36 EC on the Catalase activity (CAT) (nmol / min / mg Prot) in Elodea Canadensis  
(m±sD ; n=3). 

In Lemna minor  

 

Fig 06: Effects of Calliofop 36 EC on the Catalase activity (CAT) (nmol / min / mg Prot) in Lemna minor (m±sD ; 
n=3). 

Effects of  Calliofop 36EC  of treatment on the 
respiratory activity in Elodea Canadensis 

 The representation of results obtained in the case of 
treatment leaves Elodea Canadensis by the molecule 

Calliofop 36EC is illustrated in table 01 and 02, we 
observe a decrease with a dose-dependent effect, 
consumption of O2 sheets of E.canadensis exposed to 
Calliofop 36EC, by contribution to witnesses and after 3 
and 14 days of treatment. 

 *** 

 ***  ***  *** 
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 *** 

 *** 
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Table 01: Effect of Calliofop 36EC on the respiratory activity of leaves of Elodea Canadensis (n mol   

  
Effects of  Calliofop 36EC  of treatment on the 
respiratory activity in Lemna minor  

The decrease in leaf respiration of Lemna minor exposed 
to Calliofop 36EC is important for receiving input to 
witnesses, this decrease was  

 

noted after 3 days of treatment with dose response effect. 
At 14 days of treatment there was a decrease of some 
importance, for the consumption of O2 especially for the 
highest dose of 140µg of herbicide.

Discussion:  
 
      Plants scavenge free radicals and peroxides by the 
induction of several antioxidant enzymes and metabolites 
[37,7,30]. Protectionand with various mechanisms in 
order to minimize cellular oxidative damage [1,26,30]. 
To analyze the level of oxidative stress induced by 
treatment with Calliofop 36EC in leaves of Elodea 
canadensis and Lemna minor, we measured several 
parameters related to stress, with a ratio MF / MS, the 
rate of total protein, the respiratory activity and the 
activity of an antioxidant enzyme, namely catalase (CAT) 
(detoxification enzyme).  
 
        The results show that treatment with the herbicide 
significantly reduced the ratio MF / MS plants "Elodea 
canadensis and Lemna minor." This could be explained 
by the fact that this xenobiotic induces a strong reduction 
of the extensibility of membrane walls, the conductivity 
of the water and osmotic potential [33]. These results 
support those obtained by [31,12] which show a 
significant decrease in weight gain dice with the lowest 
concentrations of xenobiotics.  
 

        Parallel the results of determinations of total protein 
by the Callifop 36EC show a very significant increase in 
protein levels, which suggests a protein availability in the 
leaf tissue can essentially be used in the development of 
the reproductive process [40]. Thereby stimulating the 
rate of protein recorded at the two plants, reflects the 
existence of proteins synthesized during the stress of 
xenobiotics and / or heavy metals, possibly existing in the 
experimental water environments, as reported in work of 
Dixon et al., [15].  
 
         In our study, the respiratory activity was slightly 
stimulated during the treatment of Lemna minor with the 
first concentration of 35.3 micrograms. Treatment with 
the highest concentration (70 µg, 140 µg) led to a gradual 
decrease in respiration in both plants. This result seems to 
support the following hypothesis: plants exposed to metal 
stress indicate a slight increase in respiratory rate 
compared with controls. However, O2 consumption 
decreases under severe metal stress, while indicating the 
metabolic damage (Loesch and Kohl, 1999), and also our 
results are in the same direction as those of [4], explains 
the inhibition of respiration due to the effects of metal 
dust on mosses and lichens by the disruption of 

 Respiratory activity (nmol / g PF) of leaves of Elodea canadensis 
Concentration 
Calliofop 36EC 
(µg) 

3 days 14 days 

Time per minute 

 1 2 3 4 5 1 2 3 4 5 
0  515,42  509,57  507,71  502  500  311,42  308,57  305,71  300  300  
35  447,14  440  434,28  431,28  428,57  337,14  340  334,28  331,28  328,57  
70  425  417,14  414,28  408,57  405,71  320  317,14  314,28  308,57  305,71  
140  364  351,42  342,85  334,28  326,85  260  251,42  242,85  234,28  222,85  

 Respiratory activity (nmol / g PF) of leaves of Lemna minor 
Concentration 
Calliofop 36EC 
(µg) 

3 days 14 days 

Time per minute 

 1 2 3 4 5 1 2 3 4 5 
0  515,42  509,57  507,71  502  500  211,42  208,57  205,71  200  200  
35  447,14  440  434,28  431,28  428,57  137,14  140  134,28  131,28  128,57  
70  425  417,14  414,28  408,57  405,71  120  117,14  114,28  108,57  105,71  
140  364  351,42  342,85  334,28  326,85  110  81,42  42,85  34,28  22,85  

Table 02: Effect of Calliofop 36EC on the respiratory activity of leaves of Lemna minor (n mol /g FP) 
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mitochondrial oxidative phosphorylation. This 
disturbance would be partially explained by the 
interference of some heavy metals in respiratory enzyme 
activities and hence in the mechanism of phosphorylation 
of ADP to ATP by the ATPase.  
 
           The stimulating effect observed in both plants 
following treatment with the Calliofop 36 EC, on CAT 
activity, a key antioxidant enzymes in the cell, is a 
response against the overproduction of H2O2, thus 
absorbing active ingredients in the pesticide would be 
responsible for the synthesis of free radicals in large 
quantities thus generating a real oxidative stress [27], 
which induces cell death, programmed on infected sites, 
limiting the expansion of the infection. Polyamines 
inhibit the synthesis of ROS and trap hydroxyl radicals, 
but they can also be metabolized by producing large 
amounts of H2O2 that can alter the stress-induced 
responses to the next, [36]. The degradation of 
polyamines by diamine oxidase (DAO) and the 
polyamines oxidase (PAO) generated during the 
production of H2O2. It is therefore a hypersensitive 
response (HR) against the virus of tobacco mosaic virus 
(TMV). [8,18]. Hydrogen peroxide induces programmed 
cell death (PCD) of infected sites, which limits the spread 
of infection. H2O2 is mainly decomposed by CAT and 
peroxidases in the absence of CAT (chloroplasts).  
 
            This antioxidant enzyme system is composed of 
plant CAT, SOD, ascorbate oxidase GOPX, APX, 
dehydroascorbate reductase (Dhar), 
monodehydroascorbate reductase (MDHAR), glutathione 
reductase (GR) [24]. Hydrogen peroxide, as ROS, acting 
as cytotoxic molecules and can be as a second messenger 
in signal transduction cascades. Hydrogen peroxide can 
cause oxidative stress, linked to changes in the activity of 
antioxidant enzymes [21]. In this study the induction of 
antioxidant enzyme activity of CAT suggests that the 
herbicide used induces oxidative stress in tissues of 
duckweed and E canadensis. Finally, we note that the 
importance of the answers antioxidant enzyme (CAT) is 
mainly related to the duration of treatment.  
   
Conclusion:  
      

       The results obtained in our study demonstrate a toxic 
effect of Calliofop 36EC in both species Lemna minor 
and Elodea canadensis, both Macrophytes have different 
tolerance thresholds, duckweed and elodea showed very 
important potential of accumulation, Lemna minor is 
more sensitive than Elodea canadensis to the herbicide, 
the rate of Calliofop 36EC in tissues increase depending 
of the xenobiotic’s consentrations . The highest levels 
were observed in treatments with the highest 
concentrations used. This could be explained by possible 
applications in phytoremediation, pesticides, the potential 
use of these aquatic plants is interesting, it would be more 
efficient for low levels of water contamination. 
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