1 i L ,-ll} ) . F lr_ll .l ; I .
. ' | s : ' )

THE USE OF THE BIOMARKERS CHLOROPHYLLS AND CAROTENOIDS, FOR THE \Eica
INTERPRETATION OF THE EFFECTS IN LEMNA MINOR AFTER EXPOSURE TO
TWO HERBICIDES WITH DIFFERENT MODES OF ACTION

Akrivi-Chara Mouzaki-Paxinou’, Manousos Foudoulakis?, Gerassimos Arapis’ e ¢
1Agricultural University of Athens, Department of Crop Science, Laboratory of Ecology and Environmental Sciences, 75 lera Odos St., 11855, Athens, et

AGRICULTURAL UNIVERSITY OF ATHENS 2Dow Agrosciences, Thoriko, 19500, Laurion
*Corresponding author: E-mail: joy pax@yahoo.gr, Tel +30 21052946749, Fax: +30 2105294462 =

ABSTRACT

1
The impact of herbicides in aquatic vascular plants is often investigated in toxicity laboratory studies. Lemna minor is a fast growing aquatic vascular plant regularly used as a bioindicator in ecotoxicological dose-response studies. Chlorophylls -':
and carotenoids are among the most commonly used biomarkers when monitoring the effects of toxicants. For this study we chose two herbicides, tritosulfuron and metribuzin, with different modes of action. Tritosulfuron is a sulfonylurea
herbicide, an amino acid synthesis inhibitor. Metribuzin, on the other hand, is a triazinone herbicide, a photosystem Il inhibitor.

In the study we investigated changes in content of photosynthetic pigments, in particular chlorophylls a, b and carotenoids, caused by tritosulfuron and metribuzin in Lemna minor. We also evaluated these changes compared to growth rate &
(based on frond number) endpoint on this species. The toxicity of the two herbicides was assessed by growth inhibition tests in Lemna minor based on standard OECD protocols (7 day test). Growth inhibition, caused by the two %
herbicides, was measured daily from day O until day 7. The four effect concentrations chosen (EC,,, EC.,, EC., EC,:), were evaluated from pre-tests. The amounts of chlorophyll a and b as well as carotenoids were measured

spectrophotometrically on days 1, 3 and 5 after exposure. g

Obtained results showed that adverse effects on Lemna minor, based on growth inhibition caused by the herbicides, were not clearly connected with a decrease in chlorophyll a, b and carotenoids content. After exposure to various %
concentrations of tritosulfuron, Lemna minor chlorophyll and carotenoid content showed a decrease which was more intense as the time of exposure increased. For metribuzin, although there was a decrease in pigment content in high §
concentration treatments on day 3, on day 5 there was no evident effect in pigment concentrations in any treatment. On the other hand, growth rate was reduced with the increase of the concentration of both herbicides on days 3 and 5; growth k.
rate differed statistically between all concentration treatments, except the lowest concentration.

We can conclude that for both herbicides growth rate is a more sensitive endpoint to measure the toxicity than pigments. Moreover, tritosulfuron (the amino acid biosynthesis inhibitor) affects pigment concentration more promptly and more
intensely than metribuzin (the photosystem Il inhibitor) in concentrations causing similar growth inhibition. Further research on the ways that chlorophylls and carotenoid are affected by these two herbicide categories is necessary.

MATERIALS AND METHODS RESULTS

Lemna minor: aseptically cultivated in Erlenmeyer flasks in Steinberg medium, pH 6.8

Growth rate inhibition of the four concentrations relative to control is presented in Tables 2 and 3. Chla, Chlb and carotenoid content in Lemna

Experimental conditions: 24h light (photon flux density of 60-90 umol/m?/s), 24°C minor frond tissue, are presented in Tables 4 and 5. In Figures 1 and 2 the Chla content and specific growth rate is presented, relative to

: 2. , : control, at various concentrations at different time periods for the herbicides tritosulfuron and metribuzin. '
Toxicants: Herbicides [active substances (technicals)] Uy \ _ ] !

h g g Y » All data were analysed statistically with one-way analysis of variance (ANOVA) followed by Student's t-test, using JMP-10 software. P values less N

» Metribuzine: triazinone, photosystem Il inhibitor than 0.05 were considered significant i,

» Tritosulfuron: sulfonylurea, amino acid synthesis inhibitor

« Growth rate based on frond number was reduced with the increase of the concentration of both herbicides on days 3 and 5 and growth rate
differed statistically between all concentration treatments, with the exception of the lowest concentration. On day 1 growth rate does not seem to =
be affected by either herbicide. Only the treatment with the highest concentration of metribuzin shows a low growth rate when compared to all
other concentrations and control.

Concentrations:

» 12 repetitions of each treatment (4 concentrations per active substance and control)
with 50 Lemna fronds each, were prepared for each herbicide - total of 120

observations » Chlorotic symptoms on days 3 and 5 were evident only for tritosulfuron at the two highest concentrations. On day 7, chlorotic symptoms were
« All herbicide concentrations shown are nominal concentrations (Table 1). The evident in Lemna minor plants treated with both herbicides, but fronds treated with tritosulfuron were completely discolored.

experiments were conducted under static conditions. » Chla was the pigment most affected by both herbicides compared to the other two, as can be seen in Tables 4 and 5.
« Controls: Plants without addition of toxicant. » Pigments on day 1 of exposure, although in all herbicide concentrations are lower than the ones of the control, they do not differ statistically from
Measurements: the control group, thus following the same pattern as the growth rate. On day 3, Chla decreased at the three higher concentrations of tritosulfuron

and metribuzin, On day 5, Chla decreased even more at the three higher concentration of tritosulfuron but, metribuzin treated plants, on the other
hand, showed no changes in Chla on day 5 for all concentrations. These findings are in accordance with the visual observations of chlorotic
symptoms.

* Growth inhibition, calculated based on the average specific growth rate of Lemna
minor according to the number of fronds. Plants were photographed daily in order to
estimate the total frond number, which was counted by using digital macro

photography combined with image analysis software (Image-Pro Plus Version 3.1). » Chilb and carotenoids changes compared to control follows the same pattern as Chla, but Chlb and carotenoids were less affected than Chla in

=Chlorophyll‘a (Chla), chisrophyll b (Chib) arid carotenoids. both herbicide treatments for the relevant time period. 2

Lemna minor plants were frozen in liquid nitrogen and ground to powder. 40mg of Metribuzin :
ground fronds per replicate were used for chlorophyll and carotenoid extraction 15 i
performed with 95% ethanol. 1ml of ethanol was added and the homogenate was Table 1: The concentrations in pg/l of the two active ey
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. ] substances used in the trial, based on the results of the = .
centrifuged. The supernatant was transferred to a 3ml cuvette. The extraction was bre-tests S B < .
- . . : c y
performed three times in total. All the work was carried out at 4 °C. The absorbance of _ S . : Shay l
pigment extract was measured at wavelengths of 665, 649 and 470 nm with a P CemEeiEes In - el 2 1
spectrophotometer. The quantitative determination of Chla, Chlb and carotenoids was substance ; | ; | E 1 3 $ l - 3 Pemiot
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. Metribuzin : 380 : 95 : 55 : 30 o | 3 = 95pug/!
C, = 13.36Ag65- 9. 19A¢49 i1 e R ) o g IR, = o2 I F s
Cp = 27.43Ag,49- 8.12A445 : TritaSulfurén: 100 : 160 + 80 H:° 10 : & = 380g/! .|':
— : : : : : : e i
By E(@000A) +2.13C,-97.64C,}/209 5 5 5 5 5 5 04 ]
inere" G Ch, and /C... is the Ctontent (in. pg/ml)='of Chla, Chlb*‘and total » # < % w&  ® .0 .4 s ® Growth rate
carotenoids, respectively, and Aggs, Agyo and A, is the absorbance at 665, 649 and e, i b L o 0! S 3
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470nm. Accor(_jlng to the chlorophyll content of the extract, the chlorophyll content per fronds) compared to the control. EC, 51 pg/l (95% c..:
gram fresh weight was calculated. 36-71). NOEC 30 ug/l. Days
i . Figure 1. Chla content (columns, n=3) at various concentrations on 3 different days for metribuzin treatments. "
e Days: day 1, day 3 and day 5 (chlorophyll a, b, carotenoids), dayO-day 7 (growth) Tritosulfuron Filled symbols represent the specific growth rate. All responses are given relative to the controls as mean =+ \
: : : : standard deviation. Statistically significant differences compared to control are marked with an asterisk.
. Concentrations : mg/l : % Inhibition :
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Table 4: The toxic effects of metribuzin on photosynthetic pigment contents in Lemna minor on days 1, 3 and 5 of o o R TR RN 100at | o o 8486 Tritosulturon Control
exposure. Values represent means + SE (n=3). Statistically significant differences compared to control are marked with ... AL L L s e
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(78.39) (83.20) (71.53) (65.17) (71.10) (70.30) 1 (97.63) (99.15) (95.61) DISCUSSION-CONCLUSIONS. "
w

Table 5: The toxic effects of tritosulfuron on photosynthetic pigment contents in Lemna minor on days 1, 3 and 5 of
exposure. Values represent means = SE (n=3). Statistically significant differences compared to control are marked with
an asterisk.
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Chla

mg/g FW
(% of control)

Chlb

mg/g FW
(% of control)

Carotenoids

mg/g FW
(% of control)

. 0.124%0.012

Chla

mg/g FW
(% of control)

Chlb

mg/g FW
(% of control)

. 0.177+0.018

Carotenoids

mg/g FW
(% of control)

. 0.121%0.013

Chla

mg/g FW
(% of control)

0.418£0.029 :

Chlb

mg/g FW
(% of control)

Carotenoids

mg/g FW
(% of control)

. 0.144:0010

The lack of response on day 5 in pigment content at nearly no growth concentrations for the photosystem Il inhibitor metribuzin was noteworthy.
This is also mentioned in studies with other photosystem Il inhibitors (Cedergreen et al, 2007). The reason for this lack of response could be the
exposure time. This argument is enhanced by the fact that chlorotic symptoms were evident at the end of exposure, on day 7.

For both herbicides growth rate is a more sensitive endpoint than pigments. It is more representative of the toxicity of tritosulfuron and metribuzin
in Lemna minor, since it is affected by the various herbicide concentrations (statistically significant different). And it is prompt, since we have a
clear picture of herbicide toxicity from day 3 of exposure. Therefore, pigments are not recommended for routine toxicity screening for these
herbicides in this species.

The lack of response of the growth rate and pigments for both herbicides on day 1 is probably due to the fact that the growth rate and pigments
are not rapidly affected by the herbicides in all concentrations. Thus, it is suggested that other biomarkers that are affected primary to growth by
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