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ABSTRACT 
Effects of various concentrations of copper on Ipomoea aquaticaForsk were investigated in the present study. Plants 
were grown in 50 % Hoagland solution for 15 days at Cu concentrations of 0.25, 2.54, 4.58, 8.14, 14.25 and 25.45 mg l-1, 
along with control plants in uncontaminated medium. The duration of exposure influenced toxicity. Significant toxic 
effects  in terms of reduction of shoot height and appearance of new leaves could be observed at 4.58 mg l-1 Cu exposure, 
although these were more pronounced  at 8.14, 14.25 and 25.45 mg l-1. Number of new nodes produced was adversely 
affected at 8.14 mg l-1 and above,  while occurrence of necrosis and death was pronounced at 14.25mg l-1 and above. 
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INTRODUCTION 
Copper (Cu) is released into the environment through various anthropogenic activities such as mining, 
smelting, industrial and agricultural wastes, insecticides, fertilizers, domestic waste, garbage and  
agrochemicals [1,2]. Cu, an essential element that can have toxic properties beyond certain threshold 
levels, is largely contributed in north east India by organic and inorganic compounds of Cu- based 
agricultural pesticides [3]. Cu can be bioaccumulated by plants and animals to reach humans through the 
foodchain. Cu which is required by plants in trace amounts has a regulatory role in photosynthetic 
electron transport, catalyzing redox reaction in mitochondria, chloroplasts, cell wall and in the cytoplasm 
of plant cells [4,5]. However, Cu levels beyond certain thresholds   can be toxic to plants[6].  Several 
studies  have been conducted on the toxic effects of Cu on plant growth [7,8,9], photosynthetic pigment 
concentration [5,10],  and deformation of root structures [1]. 
Ipomoea aquaticaForsk.is an aquatic, trailing or floating, herbaceous perennial plant with long, hollow 
stem rooting at the nodes, and flowers white or pale purple with dark purple eye [11].Young stems and 
leaves are consumed as a leafy vegetable throughout north east India including Assam and Manipur. This 
plant is considered to be a good source of potassium, manganese, iron, magnesium and calcium for 
humans and animals alike[12, 13]. It also possesses neutraceutical, therapeutic as well as neurochemical 
properties providing health benefits [14,15,16]. However,  with increasing contamination  of  water 
bodies with various xenobiotics, Ipomoea habitats are also  threatened by toxic pollutants. 
In view of the above facts, this paper presents the findings of an experiment to delineate the acutely toxic 
concentrations of Cu in I. aquatica,  and to elicit the acute responses of the plant to Cu exposure in terms 
of  growth and development of the plant. 
 
MATERIALS AND METHODS 
I. aquaticaplants with distinct nodes and prominent roots were collected from water bodies in the study 
area and grown in soil flooded with 50 % Hoagland nutrient solution with pH range 5.8- 6.2 [17].20-25 cm 
long shoots were cut and placed in previously stored and aerated tap water nearly a week before the 
exposure.These pieces were carefully wiped with clean tissue paper and their length, number of nodes, 
andnumber of leaves was measured. They were then placed in graded Cu concentrations of 0.25, 2.54, 4.58, 
8.14, 14.25 and 25.45 mgl-1 in 50 % Hoagland solutionfor  a 15 day exposure. Copper sulfate (CuSO4.5H2O) 
was used as the source of Cu for the experiment.Control plants were put in 50 % Hoagland media without 
added Cu. Shoot height (SH), number of new nodes (NN),number of leaves (NL), and number of dead plants 
(DP)were counted on 3, 6, 9, 12 and 15day of the experiment. Control and exposed plants were maintained 
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in test chambers provided with a photon flux density of 100-120 μmol m-2 s-1 at a temperature range of 
23.4±2.8°C around the culture vessels following a photoperiod of 12 h/day.  
Statistical analysis 
Statistical analysis comprised one-way analysis of variance (ANOVA) with Tukey test at P˂0.05 using SPSS 
20 for Windows. 
 
RESULTS AND DISCUSSION 
Changes in shoot height (SH) of I. aquatica plants exposed to 0.25 and 2.54 mg l-1 Cu were not significantly 
different from that of the control as revealed by one-way ANOVA. However, increases in SH in plants 
exposed to 4.58-14.25 mg l-1 Cu were significantly less than those in the control. In the case of plants 
exposed to 25.45 mg l-1 Cu, there was reduction in SH from 6 day onwards because of the onset of necrosis 
and consequent detachment of shoots from the mother plant. Number of new nodes (NN) was significantly 
reduced from that in the control in plants exposed to 8.14 mg l-1 Cu and above from 3 day onwards (Table 
1). No new leaves (NL) appeared in plants exposed to 8.14 mg l-1 Cu and above from 6 day onwards. NL in 
plants exposed to 4.58 mg l-1 Cu were also significantly less than those in the control on 6, 12 and 15 day 
(Table 1). Statistically significant differences in the number of dead plants (DP) were recorded on 15 day 
in 14.25mg l-1 Cu exposure and from 9 day onwards in 25.45mg l-1 Cu exposure (Table 1).  
 

Table 1: Change in shoot height (SH), number of new nodes (NN), number of new leaves (NL) and dead 
plants (DP) in control and Cu exposed I. aquatica during a 15 day experiment 

Cu concentration   
(mg l-1) 

                      Change in SH (cm), NN, NL and DP (Mean±S.E) 
3d 6d 9d 12d 15d 

 
 
Control 

SH 2.4±0.3 5.3±0.7 10.5±1.9 17.1±3.1 19.7±3 
NN 1.1±0.3 2.4±0.4 3.1±0.5 4.3±0.6 4.9±0.5 
NL 0.4±0.2 1.3±0.2 1.2±0.3 3.6±0.4 3.6±0.4 
DP 0±0 0±0 0±0 0±0 0±0 

 
 
0.25 

SH 2.3±0.6 5.1±1 10.8±2.3 18.1±3.6 19.7±3.7 
NN 0.7±0.2 2±0.5 3.4±0.6 4.3±0.8 4.6±0.9 
NL 0.3±0.2 1.2±0.3 2.3±0.4 3.4±0.6 3.6±0.6 
DP 0±0 0±0 0±0 0±0 0±0 

 
 
2.54 

SH 1.7±0.4 2.8±1.2 10±1.5 17.9±2.5 17.9±3.5 
NN 0.6±0.2 0.8±0.2* 3±0.4 4±0.5 4.2±0.5 
NL 0.3±0.2 0.8±0.3 1.9±0.4 3.1±0.4 3.2±0.4 
DP 0±0 0±0 0±0 0±0 0±0 

 
 
4.58 

SH 1.3±0.2 2.5±0.5* 5.7±2 8±3.1* 9.6±3.3 
NN 0.4±0.2 1.1±0.4 2.2±0.5 3.1±0.5 3.6±0.6 
NL 0.2±0.2 0.6±0.2* 1.1±0.3 2±0.5* 2.1±0.5* 
DP 0±0 0±0 0±0 0±0 0±0 

 
8.14 

SH 0.8±0.3* 0.9±0.3* 1.1±0.4* 1.2±0.4* -0.5±0.4* 
NN 0.2±0.2* 0.2±0.2* 0.2±0.2* 0.4±0.2* -0.11±0.2* 
SH 0±0 0±0* 0±0* 0±0* 0±0* 
NN 0±0 0±0 0±0 0.3±0.2 0.3±0.2 

 
14.25 

SH 0.4±0.2* 0.5±0.2* 0.8±0.3* 0.9±0.6* 0.01±1.2* 
NN 0.1±0.1* 0.1±0.1* 0.6±0.3* 0.7±0.4* 0.4±0.4* 

 NL 0±0 0±0* 0±0* 0±0* 0±0* 
DP 0±0 0±0 0.2±0.2 0.4±0.2 0.6±0.2* 

 
25.45 

SH 0±0* -
0.03±0.03* 

0±0* 0±0* 0±0* 

NN 0±0* 0±0* 0±0* 0±0* 0±0* 
NL 0±0 0±0* 0±0* 0±0* 0±0* 
DP 0±0 0±0 0.7±0.2* 0.8±0.2* 0.8±0.2* 

 
The present study shows that Cu at and above 4.58 mg l-1 hampers plant growth  and the effects are 
evident from the 6th day of exposure.Decrease in SH under Cu stress was 100% at 25.45 mg l-1 and is 
similar to  a previous study[18] where Cu(II) and Ni(II) exerted detrimental effects on alfalfa  at  a dose of 
40 ppm, causing  shoot elongation reduction of 70.0% and 58.0%, respectively, in a two week experiment. 
During this experiment, death of the plant occurred above Cu concentrations of 4.58 mg l-1. Cu 
concentrations of 1000-2000ppmcaused  complete withering and death of Lythrumsalicaria L.[19]. Severe  
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necrosis in plants treated with 8.14-25.45 mg l-1 Cu may be due to  poor root development and  direct 
contact of the plants with the metal treated solution, which enables the metal to attack the stem portion 
rapidly. Our results were in agreement with the result where excess copper (100mg l-1) caused appearance 
of necrosis or death in Spirodelapolyrrhiza (L.) Schleidafter Cu treatment for 24 hours[20]. 
Plants treated with 0.25and 2.54 mg l-1 Cu showed  no significant difference in SH, NN, NL and DP  from 
that of the control.Thismight be due to the micronutrient properties of Cu.  It has been shown thatlow Cu 
concentrations (50 mg kg-1)  led to a significant increase in the overall growth of Vignaradiata [21].  
 
CONCLUSIONS 
Copper is an essential micronutrient for most  plants but becomes toxic at higher concentrations, the 
threshold of which may vary among different plant species. In the present study no severe morphological 
effect were observed at Cu concentrations of0.25 and 2.54 mg l-1indicating that I. aquatica was 
moderately tolerant to Cu toxicity. On the contrary, toxic effects were manifested at concentrations 
exceeding 4.58 mg l-1. As this species is a semi aquatic perennial plant which is easy to grow, it can be 
used as an indicator of Cu pollution in water and soil.   
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