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Abstract
Present study aims to assess the tolerance and toxic effect of copper on common duckweed aquatic
plant Lemna minor. Copper tolerance in Lemna minor was investigated under hydroponics
conditions between pH of 4.5 to 6.7 and natural photoperiod . For toxicity test lemna minor L. were
exposed to different concentration of CuSO4 ( 0.5, 1.0, 2.0, 4.0 mg/l and control) for measurement of
frond numbers, general appearance and chlorophyll content. CuSO4 exposure caused chlorosis and
necrosis in all test groups. Frond dissociation was noticed at 1.0 mg/l, chlorophyll content was
found decreased in all concentration and was maximum at 4.0 mg/l concentration. Severity of
symptoms was found toxicant concentration dependent.Possible mechanisms of copper toxicity to
these valuable bioindicators have been discussed. The purpose of this study was to investigate the
tolerance to copper in duckweed as a first step to determine the use of this aquatic species to
remove heavy metal from polluted river water.
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Introduction
Lemna minor L. (duckweed) are aquatic plants, which often form dense floating mats in ponds and
rivers ( Driever et.al., 2005). The plants are fast growing and adapt easily to various aquatic
conditions and can tolerate a wide pH range ( 4.5-8.3) (Cayuela et. al.,2007). The small size, simple
structure and rapid growth make duckweed very suitable for toxicity test (OECD,2002). Some
studies indicate that duckweed plants are sensitive to toxicity
( Khellaf and Zerdaoui,2010).
Other studies however, report that duckweed plants are tolerant to environment toxicity (Wang,
1990). To assess the tolerance of the species lemna minor to heavy metals plants were exposed to
different concentration of copper. Toxic effect of pollutant on duckweed is generally evaluated by
phytotoxicity tests based on growth inhibition ( Geoffroy et.al.,2004).
Copper a “ Gray listed “ heavy metal, despite working as essential metal for several biological
processes, also become toxic at higher concentration. Copper is introduced in aquatic ecosystem by
natural process as well as by human interferences. Copper were chosen as the metals for this study
for a number of reasons. Their presence above trace levels in the environment is an indicator of
industrial pollution. On the other hand, they are essential micronutrients for plants; Copper is a
structural and catalytic component of many proteins and enzymes involved in metabolic pathways
(Teisseire and Vernet,2000). However, when the concentration reaches a threshold value, these
essential metals becomes first inhibitory and afterwards toxic. Copper is responsible for many
alterations of plant cells ( respiration, photosynthesis, pigment synthesis and enzyme activity (
Kanoun Boule et.al.,2009). Each plant species has different resistance and tolerance level to
different contaminants ( Kamal et.al.,2004).
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The present study investigates copper toxicity to Lemna minor to determine tolerance of this
aquatic species to copper. The goel was to assess the possibility to use Lemna minor for
phytoremediation of copper contamination in water and investigate the tolerance to Cu in
duckweed to determine the use of this aquatic species to remove heavy metal from polluted river
water.

Materials and Methods:
Plant material and culture medium: Lemna minor L. A common duckweed plant
(Angiosperm; family lemnaceae) is widely distributed and found floating in local rivers and ponds
with flat fronds and fine roots. The plants were collected from Gomti river and cultured in
Hoagland’s medium at pH 6.1 ( Hoagland’s,1950). Healthy plants were used in the tests after one
week of culturing ( EPA,1975). A continuous aeration system provides oxygen for the lemna fronds
and prevent root fungal diseases ( Kamal et.al.,2004). Plants were cultured at 26±20C and natural
photoperiods.
Toxicity test: The test protocol were derived from the standard draft guidelines 221 (OECD,2002).
Duckweed growth was measured after four days of exposure to different concentration of copper (
0.5.1.0,2.0,4.0 mg/l and control). The metal used for this study were supplied as CuSO 4.5H2O. Nine
to twelve lemna fronds were gently placed in 250 ml glass beaker containing 100 ml of metal
solution diluted in distilled water. The dose response tests were performed in conditions similar to
those of the plant cultures. Preliminary assays defined the variation of concentrations for each
metal. The nominal concentrations selected were based on the response of the fronds in the
presence of the metal ions, the upper limit of the concentration ranges were defined when the
necrosis was observed. Chlorophyll content was determined by Arnon (1949). All data presented in
the table are mean of three triplicate ± S.E. value.

Results and discussion :
Toxic effect of copper on general appearance,frond number and root structure were shown in
Table-2. The metal copper caused visible damage to duckweed at concentration 0.5, 1, 2 and 4
mg/l respectively. Chlorosis ( a progression of green to yellow colour on the frond) and frond
disconnection ( detachment of fronds from colonies) were toxicity signs observed at the start of
exposing lemna fronds to the metal elements. These signs progressed to necrosis at the end of the
treatment with Cu. Copper was a very toxic metal for Lemna minor. At low concentration of Cu,
fronds were chlorotic and some fronds separated from the others. Necrosis was observed after 24
hour of exposure of plants to 0.5 mg/l of Cu. Some biochemical parameters showed inhibitory effect
in lemna minor at high concentration of copper (4 mg/l). Toxic water inhibited the chlorophyll
content (Table-1). The chlorophyll-a and chlorophyll-b and total chlorophyll was decreased by
20% at 2mg/l Cu concentration as compared to control. Copper when present in the nutrient
solution at concentration ≤ 2mg/l was an essential element for the development of lemna fronds
because of its important role in cellular metabolism. At a concentration higher than 4 mg/l, Cu
caused the photosystem alteration by reducing electron transport. This effect was explained by a
rapid development of chlorosis. Chlorophyll is an important pigment of the photosynthetic activity
for primary productivity. Many studies have demonstrated influence of heavy metals on chlorophyll
content in higher plants (Prasad et.al, 2001 ; Xiong et.al.,2006; Zengin and Kirbag,2007). Heavy
metal inhibit uptake and transportation of other metal elements such as Fe, Zn and Mn by
antagonistic effects, and therefore plants lose the capacity of synthesis of pigments ( Lin and Wu,
1994, Liu et.al.,2004). The results supported sensitivity of lemna minor to copper toxicity, when
present in aquatic bodies as reported by other workers ( Cayuela et.al.,2007; Singh and
Singh,2006). Some macrophytes also used as test plants for indicator of aquatic pollutants
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(Wang,1986; Verma et.al.,1999). Our finding suggest that duckweed plant very sensitive towards
toxicity of copper. Heavy metal toxicity in water suppressed biomass production and metabolic
activities.
The presence of toxic chemicals and heavy metals in aquatic bodies due to discharge of industrial
effluents, accumulates in the aquatic plants and cause toxicity effects (Rai and Raizada,1989;
Huebert and Shay,1993; Sental,1994).Ultimately transfer into food web, when consumed by various
living organism (Sharma et.al.,2001; Sahu et.al.,2007).

Conclusion:
In this work, the tolerance of Lemna minor to copper and the potential accumulation of this metal
has been investigated. The metal was tolerated by lemna at 0.5 mg/l. This result revealed high
tolerance of this aquatic plant to the heavy metal copper.
Table-1:

Effect of Copper on Chlorophyll contents of Lemna minor

Conc. Of CuSO4
(mg/l)
Control
0.5
1.0
2.0
4.0

Chlorophyll-a
(µg/g fresh wt.)
0.07
0.039
0.055
0.301
0.069

Chlorophyll-b
(µg/g fresh wt.)
0.330
0.313
0.307
0.068
0.056

Total Chlorophyll
(µg/g fresh wt.)
0.4
0.352
0.362
0.369
0.125

Chlorophyll Contents
0.45
µg/g fresh weight

0.4
0.35
0.3
0.25
0.2

Chl-a

0.15

Chl-b

0.1

Total chl

0.05
0
Control

0.5

1

2

4

Concentration of CuSO4(mg/l)
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Table-2: Effect of Copper on General appearence of Lemna minor
Conc. Of CuSO4

Appearence

(mg/l)

Control

0.5

1.0

2.0

4.0

Frond number
(Total)

No chlorosis, good
healthy plants

41

Mild chlorosis &
necrosis in few
number of fronds
Moderate chlorosis
with starting of
dislocation of fronds
Moderate chlorosis &
necrosis with
moderate dissociation
of fronds
Severe chlorosis and
necrosis in about
80% plants, fronds
were found highly
dissociates and
scattered

35

Root structure

Normal white colour
roots of normal
length
Roots comparatively
longer than control

30

Roots longer than
control

33

Roots shorter than
control along with
few black pattern at
tip
Roots shorter than
control,black patches
more pronounced in
root tips upto
70%,breakage of root
tips.

24
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