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GROWTH, PHOTOSYNTHESIS AND RESPIRATORY RESPONSE TO COPPER IN

LEMNA MINOR: A POTENTIAL USE OF DUCKWEED IN BIOMONITORING

Downloaded from http://journals. tums. ac. ir/ on Thursday, February 23,
2012 * N. Khellaf, M. Zerdaoui Laboratory of Environmental Engineering,
Faculty of Engineering, Badji Mokhtar University, Annaba, Algeria Received 3
February 2010; revised 21 Jully 2010; accepted 20 August 2010 ABSTRACT
Aquatic macrophytes are known to accumulate various heavy metals in their

biomass.

This accumulation is often accompanied by physiological changes which can
be used in biomonitoring for aquatic pollution. In this study, the impact of
copper (Cu) on the growth of the duckweed Lemna minor, followed by its
removal, was studied with 0. 1-1. 0 mg/L of Cu in a quarter Coic and Lesaint
solution at pH= 6. 1. In order to verify duckweed tolerance to Cu,
photosynthesis was measured at the maximal concentration which caused

no effect on the plant growth.

The results showed that copper inhibited Lemna growth at concentrations 7 .
3 mg/L. At 0. 2 mg/L, the final biomass was approximately four times greater
than the initial biomass. Analysis of metal concentration in water showed
that Lemna minor was responsible for the removal of 26% of Cu from the
solution. In the presence of Cu, respiration was reduced, while
photosynthesis increased considerably. Net photosynthesis approximately
increased three times compared to the control. Copper was responsible for

130-290% increase in the photosynthetic activities.
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These results suggested that Lemna minor could be a good tool for the
evaluation of copper pollution in biomonitoring programs. Key words: Aquatic
pollution; Bioindicator; Lemna minor; Physiological modifications; Growth;
Photosynthesis INTRODUCTION Copper (Cu) is an essential element for
organisms and is involved in numerous physiological processes (Teisseire
and Guy, 2000). However, it is toxic at higher concentrations by causing
deleterious effects to human, animals and plants (Vinodhini and Narayanan,

2009).

Excess of Cu may reach living organisms as a result of environmental
pollution caused by anthropogenic activities (mining operations,
manufacturing industries and agricultural technologies) which can modify
the biogeochemical cycles of the metal. Several studies demonstrated that
many species of duckweed, a group of free-floating freshwater plants of the
family Lemnaceae, are able to *Corresponding author: E-mail:

[email protected] fr Tel/Fax: +213 38 87 60 65 absorb and accumulate high
amount of copper in their biomass producing an internal concentration
several fold greater than the nutrient medium (Jain et al. , 1989; Zayed et al.

1998; Miretzky et al. , 2004; Ater et al. , 2006).

This accumulation has, in some ways, a relationship with the tolerance
phenomena which is defined as the cell capability to protect plant tissues
against injury caused by the metal (Sabreen and sugiyama, 2008). At metal
concentration greater than the tolerated concentration, toxicity symptoms
and physiological changes are induced. Cupric ions are responsible for many
alterations of plant cells and inhibition of enzymatic activities (Teisseire and
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Guy, 2000). They also cause significant changes in respiration,

photosynthetic CO2 fixation and photosynthetic pigments by 299

N. Khellaf et al. , a comparatIlVE aNaLytlcalL Study ... Downloaded from
http://journals. tums. ac. ir/ on Thursday, February 23, 2012 increasing
oxidation of chloroplast membranes (Prasad et al. , 2001; Hattab et al. ,
2009). These physiological modifications, evaluated by biotoxicity tests, can
be used as an indicator of metal pollution and offer data in biomonitoring
(Movahedian et al. , 2005). Sedentary macrophytes as bioindicators have
some advantages such as high tolerance to aquatic metal pollution,
convenience for sampling, large individuals and easy to realize laboratory
raise (Zhou et al. 2008). Duckweeds have been widely used in toxicity tests
of different chemicals and effluents and particularly, Lemna minor has often
been selected to represent vascular aquatic plants in toxicity tests (Kanoun-

Boule et al. , 2009).

This genus is an invasive plant wild-growing in European regions and other
Mediterranean countries. The main objective of the present study was to
evaluate the effects of elevated Cu levels on Lemna minor growth and
photosynthesis. The specific objectives were to: (a) determine the growth of
plants in experimental Cu treatments ranging from 0. to 1. 0 mg/L, (b) assess
Cu removal percentage in the presence of duckweed and (c) verify the plant
tolerance to Cu by measuring net photosynthesis and respiration at the

maximal concentration which causes no effect on the plant growth.

The results were compared with those of other studies traditionally reported
in literature. analysis was carried out with an atomic absorption
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spectrophotometer which had a detection limit of 10-2 mg/L (Perkin Elmer).
The elimination percentage of Cu was calculated according to Khellaf and
Zerdaoui (2009b): CO-Cf (1) ? 00 Elimination(%)= CO in which: CO and Cf are
initial and remaining concentrations of metal in the medium (mg/L).
photosynthesis experiment The essays were investigated using an infrared
gas analyzer (IRGA) in a closed system with an airflow of 1. 1? 10-2 mL/min
(the capacity of the circuit and the room of assimilation was of 11 litres). A
42-cm2 frond area (previously exposed to 0. 2 mg/L of Cu during 4 days)
contained in a crystallising cup with a low volume of water was placed in an
enclosure of which the atmosphere was renewed permanently (Gary, 1988).
At this concentration, no morphological sign of toxicity was observed on

Lemna fronds.

Control treatment corresponded to the same essay without exposing plants
to Cu. The infrared analyser used in differential mode allowed the direct
measurement of the difference in CO2 concentration between the entry and
the exit. These measurements were taken with regular time intervals. The
CO2 concentration in the air (370 mg/L) was used for the calibration of the
apparatus. The plants were initially placed in the darkness (respiration 1);
then successively exposed to three lamps (1st, 2nd and the 3rd

photosynthesis) and replaced finally in the darkness (respiration 2).

The duration of essays was 100 min corresponding to a time of 20 min for
each phase (2 phases of respiration and 3 phases of photosynthesis).
Photosynthetic active irradiations of the 1st, 2nd and 3rd lamps were 337,
495 and 756 ? mol/ m2s, respectively. The CO2 flow (N), absorbed or
rejected, was calculated according to Garry (1988): N=-Qe. ? c [mL/min] (2)
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MATERIALS AND METHODS plant culture The plants originated from the
Rhones Alpes area of France, were cultured in laboratory as described in our
previous study (Khellaf and Zerdaoui, 2009a). lant toxicity test and metal
removal The effect of copper on the growth of duckweed was assessed
according to the test protocols derived from the standard draft guideline 221
of the Organization for Economic Cooperation and Development (OECD,
2002). The details of data analysis were the same as those described in our
previous study (Khellaf and Zerdaoui, 2009a). Water samples (1 mL) were
regularly drawn in order to ascertain the Cu concentration removed from the

solution.

The metal concentration 300 Where: Qe= the airflow passed in the enclosed,
? = the difference in CO2 concentration between the entry and the exit. Iran.
J. Environ. Health. Sci. Eng. , 2010, Vol. 7, No. 2, pp. 299-306 The CO2 flow
allowed establishing photosynthesis and respiration regression equations.
Net photosynthesis, Pn, was calculated as follows (Papazoglou et al. , 2005):
Pn= P. N. Downloaded from http://journals. tums. ac. ir/ on Thursday,
February 23, 2012 Pm=pl + p 2 2 (5) 1 [umol/m2s] 00. 0224. 60. S . 0224.
6.5 0 (3) P3, P4 and P5 are the slopes of the regression equation of the 1st,
2nd and 3rd photosynthesis. Net and brut photosynthesis are expressed in ?
ol/m2s. Where: P= the slope of the regression equation of the function ? ¢ =
f (t), S= the total frond area, N= the CO2 flow (1? mole CO2 = 22. 4? 10-3

mL CO2). Brut photosynthesis (Pb) was expressed as follows: Pb (1st lamp) =

(P1 + P3). N Pb (2nd lamp)=(Pm + P4). N Pb (3rd lamp)=(P2 + P5). N (4)
RESULTS Where: P1 and P2 are the slopes of the regression equation of the
1st and 2nd respiration, Growth response to copper exposure Data from
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experimental dose-response curve (Fig. 1) showed that Lemna minor, when
exposed to Cu concentrations from 0. 3 to 1. 0 mg/L, exhibited significant

inhibition of growth.

For Cu concentration of 0. 5 mg/L, duckweed growth was inhibited by 70%
(indicated on the figure by the broken line) representing the minimal growth
index attained under our experimental conditions. On the other hand, at
concentration ranging from ~ 0 (control) to 0. 2 mg/L, the growth index was
optimal. Based on these results, Cu concentration of 0. 2 mg/L was
considered as the threshold toxicity in Lemna minor under conditions
indicated above. 5 Threshold toxicity 4 Growth index (-) 3 2 Minimal growth 1
000.20.40. 6 Copper (mg/L) 0. 81 1.2 Fig. : Growth of Lemna minor
fronds in the presence of copper in the nutrient medium. Vertical bars
indicate standard deviation, n = 3 (Khellaf and Zerdaoui, 2009a) 301 N.
Khellaf et al. , a comparatlVE aNaLytlcalL Study ... Downloaded from
http://journals. tums. ac. ir/ on Thursday, February 23, 2012 removal of
copper Fig. 2 shows the concentration of copper removed by the plants after
96 h of exposure. The initial Cu concentration in the Coic and Lesaint solution
was 0. 2 mg/L. After 1 day, 15% of the initial metal concentration was
removed and after 4 days, Lemna minor had removed 26% of Cu from the

nutrient medium.

The control treatment showed that the aquatic plants were responsible for
the disappearance of amount of Cu from water. 96 photosynthesis and
respiration Effect of copper at 0. 2 mg/L on photosynthesis and respiration of
Lemna minor is shown in Fig. 3. Dark respiration was inhibited in the
presence of Cu; the 1st and 2nd respiration slopes were respectively 0. 41
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and 0. 20, whereas those of the control were 1. 70 and 1. 66 (Table 1).
However, CO2 assimilation increased in the presence of 0. 2 mg/L of cupric
ions. Net photosynthesis ranged between 8. 3 and 12. 2 ? mol/m2s for
different 2 48 Exposure time (h) 24 6 4 2 Cu treatment Control 0 0 5 10 15
Elimination (%) 20 25 30 Fig. 2: Elimination of copper from the nutrient

medium in the presence of L. minor.

The initial Cu concentration was 0. 2 mg/L luminous energies used in this
study. Compared to control, net photosynthesis was approximately 3 times
higher. Brut photosynthesis was only 2 times of the control because of the
inhibition of the gas exchanges in dark. However, for an irradiation ? 495 ?
mo/m?2s, it was noticed that saturation was mainly observed in the case of
brut photosynthesis (Fig. ). DISCUSSION Copper is considered to be one of
the most toxic trace metals to plants, although it is required as an essential
element for metabolic and physiological processes (Xia and Tian, 2009).
Dewez et al. (2005) explained some hypothesis concerning the mechanism
of Cu toxicity on the plant growth. Copper was recognized to be a strong
inhibitor of photosystem Il (PSII) electron transport activity associated to the
water splitting system; by this effect, the metal may alter the energy storage

via photosynthesis which causes the decrease of biomass growth.

However, some plant species tolerate this element at concentrations higher
than those used in medium cultures. Our study indicated that, Lemna minor
was sensitive to copper for concentrations ? 0. 3 mg/L and the threshold
toxicity was 0. 2 mg Cu/L. Published quantitative data for the threshold
toxicity of 302 Iran. J. Environ. Health. Sci. Eng. , 2010, Vol. 7, No. 2, pp. 299-
306 500 (a) 450 Downloaded from http://journals. tums. ac. ir/ on Thursday,
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February 23, 2012 CO2 concentration (mg/L) Respiration 2 400 350
Respiration 1 Photosynthesis 300 250 0 10 20 30 40 50 Time (min) 60 70 80
90 100 50 430 410 390 370 350 330 310 290 270 250 0 10 20 30 40 50
Time (min) 60 70 80 90 (b) CO2 concentration (mg/L) Respiration 1
Respiration 2 Photosynthesis 100 Fig. 3: CO2 concentration as a function of
time; (a) plants 96 h after exposure to 0. 2 mg Cu/L and (b) control values
are means of 2 essays metal ions on duckweed species are very variable
(Table 2). This is caused by the different duckweed species used and by the
different test conditions, especially concerning the nutrient media as well as

by the methods of evaluation (Appenroth et al. , 2010).

The Cu removal treatment showed that the aquatic plants were responsible
for the disappearance of Cu from water. From earlier results, it seems that
metal removal from the medium was due to an accumulation in plants;
several studies demonstrated that duckweed species (particularly 303 N.
Khellaf et al. , a comparatlVE aNaLytlcalL Study ... Table 1: Slope values of
photosynthesis and respiration curves Table 1: Slope values of
photosynthesis and respiration curves Gas exchange Respiration 1
Respiration 2 Photosynthesis 1 Photosynthesis 2 Photosynthesis 3 Slope min)
Slope values (mg/L. values (mg/L. min) R2 0. 99 0. 97 0. 9 0. 99 0. 98 Plants
exposed 0.410.20-1.73-2.54-2.53R20.800.840.990.990.99

Control 1. 701. 66 -1.50-2.18 - 1. 83

Downloaded from http://journals. tums. ac. ir/ on Thursday, February 23,
2012 The plants were exposed to 0. 2 mg/L during 4 days. 1, 2 and 3
correspond to the 1st, 2nd and 3rd lamp in photosynthesis essays. Different
slope values are means of 2 values; error was < 10%. R2 is the coefficient of
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determination. Lemna minor and Lemna gibba) were able to accumulate
elevated amount of Cu in their tissues (Jain et al. , 1989; Zayed et al. , 1998;
Ater et al. , 2006; Megateli et al. 2009) inducing an abatement of Cu
concentration in water. Our result confirmed that Lemna minor showed a
potential of phytoremediation of contaminated waters charged with low
concentrations of Cu. Photosynthetic activities increased in the presence of
0. 2 mg/L of cupric ions for different luminous energies. However, according
to the study of Olette et al. (2008), copper used as CuS0O4 (pesticide)
inhibited the photosynthetic activities of Lemna minor at concentrations of
12, 24, 40 and 100 pg/L. For an exposure time of 7 days, the metal element
present in the medium inhibited the photosynthesis of the aquatic plants by
0. %; this inhibition reached 8% in the presence of 100 pg/L of Cu. Prasad et
al., (2001) demonstrated that 1 and 10 uM of Cu present in a Hoagland
solution increased (160 and 120% of the control) the concentration of
photosynthetic pigments of Lemna trisulca (another species of duckweed).

These results agree with those of the present study.

The presence of 0. 2 mg/L of Cu in the nutrient medium increased
considerably the absorption of Table 2: Threshold toxicity* of copper in
duckweed * Duckweed species Lemna minor L. minor Lemna minor L. minor
Lemna minor L. minor Lemna minor L. inor Lemna gibba L. gibba Lemna
gibba L. gibba Lemna minor L. minor Experimental conditions Tap water,
pH= 7. 2 1/4 Hoagland Solution; pH= 6 Table 2: Threshold toxicity of copper
in duckweed Threshold toxicity 1 mg/L < 5 mg/L Reference Jain et al. , 1989
Zayed et al. , 1998 Teisseire and Guy, 2000 Ater et al. , 2006 Ater et al. ,
2006 Megateli et al. , 2009 Kanoun-Boule et al. , 2009 Inorganic growth
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Medium; pH= 6. 5 White nutritive Solution; pH= 6. 8 White nutritive Solution;
pH= 6. 8 Hoagland medium; pH= 6. 5 1/10 Hoagland Solution; pH= 6 < 0. 25
M < 0.5 mg/L 0. 5 mg/L 10-4 mg/L 1. 6 mg/L Threshold concentration is Cu
concentration at which no growth inhibition is observed in duckweed
biomass. 304 Iran. J. Environ. Health. Sci. Eng., 2010, Vol. 7, No. 2, pp. 299-
306 (a) 14 12 Control Treatment 10 Pn (umol/m 2. s) Downloaded from
http://journals. tums. ac. ir/ on Thursday, February 23, 20128 6 4 2 0 337
495 Photosynthetic irradiation (umol/m . s) 2 756 16 Control Treatment (b)
14 12 Pb (umol/m .s) 10 2 8 6 4 2 0 337 495 Photosynthetic irradiation
(umol/m . s) 2 756 Fig. 4: Variation of (a) net photosynthesis and (b) brut

photosynthesis, with the luminous energy.

Treatment corresponds to plants exposed to 0. mg/L of Cu. Net and brut
photosynthesis were calculated using the values on Table 1. CO2 by
duckweed. Net photosynthesis increased approximately three times
compared to the control. Copper was responsible for 130-290% increases in
the photosynthetic activities. This effect might be explained by an increase
in electron transport in photosynthetic systems. Copper is an essential
element in cellular metabolism and a catalytic component of proteins and
enzymes (Teisseire and Guy, 2000). It is plausible that this element was

responsible for the synthesis of plastocyanin (Bertrand and Poirier, 2005).

Additionally, this study demonstrated that the increase in photosynthetic
activities was observed for different luminous energies. However, for an 305
N. Khellaf et al. , a comparatlVE aNaLytlcalL Study ... Downloaded from
http://journals. tums. ac. ir/ on Thursday, February 23, 2012 irradiation ?
495 ? mo/m2s, saturation was mainly noticed in the case of brut
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photosynthesis (Fig. 4). Beyond that, the capacity of absorption of photons
exceeds the capacity of their use. The reactions of CO2 assimilation become

limiting and photosynthetic activities present a maximal intensity.

According to Wedge and Burris (1982) the energy saturation for Lemna
minor ranged in the interval 300-600 ? mo/m2s. Our results showed that the
energy saturation for the species used in this study corresponded to a
photosynthetic active irradiation of 495-750 ? mo/m2s. Finally, it can be
concluded that among the tools used to study effects of toxic elements on
plants, growth and photosynthesis are often proposed as simple, rapid and
sensitive methods. Based on these methods, the results of our study showed

that Lemna minor was sensitive to copper for concentrations ? 0. 3 mg/L.

For lowest concentrations, plant growth was optimal and photosynthetic
activities increased by 290% under elevated luminous energy. The duckweed
species could survive in contaminated medium (? 0. 2 mg/L) and could
detect sensitively metal concentration ? 0. 3 mg/L. It was concluded that
Lemna minor could be a good candidate for the evaluation of metal pollution
in biomonitoring programs for risk assessments and toxic effect prediction.
ACKNOWLEDGEMENTS The authors thank Prof J. C. Leclerc (LEPA,
SaintEtienne, France) and Ms. S. Sey (University of Gafsa, Tunisia) for their
kind assistance. REFERENCES Appenroth, K-J. Krech, K. , Keresztes, A. ,
Fischer, W. H. , Koloczek, H., (2010). Effects of nickel on the chloroplasts of
the duckweeds Spirodela polyrhiza and Lemna minor and their possible use
in biomonitoring and phytoremediation. Chemosphere, 78: 216-223. Ater,

M. , Ait Ali, N. , Kasmi, H., (2006).

https://assignbuster.com/the-duckweed-experiment-effects-of-lowering-light-
intensity/



The duckweed experiment: effects of lowe... - Paper Example Page 13
Tolerance et accumulation du cuivre et du chrome chez deux especes de
lentilles d’eau: Lemna minor L. et Lemna gibba L. Revue des Sciences de
I’'Eau, 19 (1) : 57-67. Bertrand, M. , Poirier, I., (2005). Photosynthetic
organisms and excess of metals. Photosynthetica, 43 (3): 345-353. Dewez,
D., Geoffroy, L., Vernet, G. , Popovic, R. (2005). Determination of
photosynthetic and enzymatic Biomarkers sensitivity used to evaluate toxic
effects of copper and fludixonil in alga Scenedesmus obliquus. Aquat.
Toxicol. , 74: 150-159. Gary, C., (1988). Prise en compte des differentes
sources d’erreurs et estimation de la precision dans la mesure des echanges
de CO2 en systeme ouvert. Photosynthetica, 22 (1): 58-69. Hattab, S. , Dridi,
B., Chouba, L., Ben Kheder, M., Bousetta, H., (2009). Photosynthesis and
growth responses of pea pisum sativum L. under heavy metals stress. J.

Environ. Sci. , 21: 1552-1556. Jain, S. K. , Vasudevan, P., Jha, N.

K., (1989). Removal of some heavy metals from polluted water by aquatic
plants: Studies on duckweed and water velvet. Biol. Wastes, 28: 115-126.
Kanoun-Boule, M., Vicentea, J. A. F. , Nabaisa, C., Prasad, M. N. V., Freitas,
F., (2009). Ecophysiological tolerance of duckweeds exposed to copper.
Aquatic Toxicol. , 91 (1): 1-9. Khellaf, N. , and Zerdaoui, M., (2009a). Growth
response of the duckweed L. minor to heavy metals pollution. Iran. J. Environ.

Health Sci. Eng., 6 (3): 161-166. Khellaf, N. , and Zerdaoui, M., (2009b).

Phytoaccumulation of zinc by the aquatic plant Lemna gibba L. Bioresour.
Technol. 100: 6137-6140. Megateli, S. , Semsari, S. , Couderchet, M., (2009).
Toxicity and removal of heavy metals (cadmium, copper and zinc) by Lemna
gibba. Ecotoxicol. Environ. Saf. 72: 1774-1780. Miretzky, P. , Saralegui, A.,
Cirelli, A. F., (2004). Aquatic macrophytes potential for the simultaneous

https://assignbuster.com/the-duckweed-experiment-effects-of-lowering-light-
intensity/



The duckweed experiment: effects of lowe... - Paper Example Page 14
removal of heavy metals (Buenos Aires, Argentina). Chemosphere, 57: 997-
1005. Movahedian, H., Bina, B. , Asghari, G. H. , (2005). Toxicity Evaluation
of Wastewater Treatment Plant Effluents Using Daphnia magna. Iran. J.
Environ. Health Sci. Eng. , 2 (2): 1-4. OECD ,(2002). Guidelines for the testing

of chemicals, Lemna sp.

Growth Inhibition Test, Draft guideline 221, Paris, France Olette, R. ,
Couderchet, M., Biagianti, S. , Eullaffroy, P., (2008). Toxicity and removal of
pesticides by selected aquatic plants. Chemosphere, 70 : 1414-1421.
Papazoglou, E. G. , Karantounias, G. A., Vemmos, S. N., Bouranis, D. L.,
(2005). Photosynthesis and growth responses of Giant reed (Arundo donax L.
) to heavy metals Cd and Ni. Environ. Int. , 31: 243-249. Prasad, M. N. V.,
Malek, P. , Waloszek, A., Bojko, M., Strazalka, K. ,(2001). Physiological
responses of Lemna trisulca L. (duckweed) to cadmium and copper

accumulation.

Plant Sci., 161: 881-889. Sabreen, S. , and Sugiyama, S., (2008). Trade-off
between cadmium tolerance and relative growth rate in 10 grass species.
Environ. Experimental Bot. , 63: 327-332. Teisseire , H. , and Guy, V.,
(2000). Copper induced changes in antioxidant enzymes activities in fronds
of duckweed (Lemna minor). Plant Sci. , 153: 65-72. Vinodhini, R. , and
Narayanan, M., (2009). The impact of toxic heavy metals on the
haematological parameters in common carp (cyprinus carpio L. ). lran. J.
Environ. Health. Sci. Eng., 6 (1): 23-28. Wedge, R. M., and Burris, J. E. ,

(1982).

https://assignbuster.com/the-duckweed-experiment-effects-of-lowering-light-
intensity/



The duckweed experiment: effects of lowe... - Paper Example Page 15
Effects of light and temperature on duckweed photosynthesis. Aquat. Bot. ,
13: 133-140. Xia, J. , and Tian, Q. , (2009). Early stage toxicity of excess
copper to photosystem Il of chlorella pyrenoidosa-0OJIP chlorophyll a
fluorescence analysis. J. Environ. Sci., 21: 1569-1574. Zayed, A.,
Gowthaman, S., Terry, N., (1998). Phytoaccumulation of trace elements by
wetland plants: IDuckweed. J. Environ. Qual. , 27: 715-721. Zhou, Q. , Zhang,
J., Fu, )., Shi, J., Jiang, G., (2008). Biomonitoring: An appealing tool for
assessment of metal pollution in the aquatic ecosystem. Analytica chimica

acta, 606: 135-150. 306

https://assignbuster.com/the-duckweed-experiment-effects-of-lowering-light-
intensity/



	The duckweed experiment: effects of lowering light intensity

