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The release of metals due to anthropogenic, industrial and automobile activities brought up changes in 
nature, structure and composition of the biological communities and high concentration involved in the 
extinction of plant species. The flora of the region is particularly affected due to constant increase of 
environmental pollutants such as heavy metals at alarming scale. Therefore, effects of Cu2+, Zn2+ 
individually and in combinations Cu2+ + Zn2+ on germination and growth of Leucaena leucocephala 
(Lam.) de Wit. was evaluated in invitro. In this study the treatment of different concentrations (0, 25, 50, 
75 and 100 ppm) of copper, zinc individually and in combination showed different effects on rate of seed 
germination and seedling growth of L. leucocephala. Seedlings growth performance of L. leucocephala 
gradually reduced with increased in concentrations of Zn, Cu and Cu + Zn as compared to control. The 
combined metal treatments of Cu + Zn were found more toxic as compared to individual treatment of 
copper and zinc.Tolerance indices and seedling vigor index of L. leucocephala for individuals and 
combined metal treatment also decreased with increase in concentration of Cu and Zn in substrate. The 
lowest reduction in seedling tolerance indices of L. leucocephala was recorded for Cu treatment at 100 
ppm as compared to control. This reduction was prominent for Zn treatments.  
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INTRODUCTION 

Environmental pollution by heavy metals is a 
global and regional problem. Heavy metals (HMs) 
are defined as a group of elements having a 
density greater than 5g/cm3 (Stobrawa and 
Lorenc-Plucinska, 2008). The heavy metals are 
toxic to plants but also cause severe human 
health hazards when leach out into food chain 
(Kumar et al. 2013). The application of zinc 
sulphate, copper sulphate and ammonium 
molybdate with the concentration of 0.1% resulted 
maximum dehydrogenase, protease, acid and 

alkaline phosphatase activity in the rhizosphere 
soil and yield of ginger (Guchhait et al. 2005) and 
accumulation of metal ions at higher level 
influence on physiological and biochemical 
properties of plants.  

Micronutrients are involved in all metabolic 
and cellular functions and differ in their need and 
generally accepted as essential for all higher 
plants: boron, chloride, copper, iron, manganese, 
molybdenum, nickel and zinc (Hänsch and 
Mendel, 2009). Among the heavy metals, copper 
and zinc at excess concentration can be 
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considered important heavy metals for 
ecotoxicology concern. Copper is an essential 
micronutrient and is easily absorbed by plants. Its 
optimal content in plants tissues is reported to 5-
20 µg g-l  and above the optimal level displayed 
metabolic disturbances and root growth inhibition 
(Fargasava, 2001). Zinc is nutritionally essential 
element at low levels and toxic at higher levels 
and high concentrations of Zn have been reported 
in some plant species growing along the Super 
Highway near Karachi (Iqbal et al. 1999). Iqbal et 
al. (1998) carried out a survey of vegetation and 
trace metals (Pb, Cu and Zn) in soils along the 
super highways near Karachi city. The effects of 
zinc supply rate with four levels of zinc from 3 to 
150 μM on the response of Quercus suber L. 
seedlings were observed (Disante et al. 2011). 
The genus Leucaena belongs to family 
Leguminosae (Fabaceae) and subfamily 
Mimosaceae. It is used for firewood and livestock 
feed. Leucaena is a deep-rooted species which 
can extend its roots 5 meter to exploit 
underground water (Brewbaker et al. 1972). 
Leucaena is a tropical species requiring warm 
temperatures (25-30 °C day temperatures) for 
optimum growth (Brewbaker et al. 1985) and 
exhibits better drought characteristics than a 
number of other tree legumes (Swasdiphanich, 
1992).  

Heavy metals are ecological problem 
(Alloway, 2013; Rasafi et al. 2016). The essential 
roles and hazardous effects of copper and in 
chloroplasts of plants reported (Himelblau and 
Amasino, 2000; Liao et al. 2000; Puig  and Thiele, 
2002; Candan and Tarhan, 2003; Company and 
González-Bosch, 2003; Demirevska-Kepova et al. 
2004; Abdel-Ghany et al. 2005; Ducic and Polle, 
2005; Mediouni  et al. 2008; Michaud et al. 2008;  
Alloway, 2009; Burkhead et al. 2009; Marcato-
Romain et al. 2009; Miotto et al. 2014). The 
contamination and beneficial roles of zinc growth 
parameters, chlorophyll a fluorescence and 
antioxidant enzyme activities of ryegrass, alfalfa 
and cereal grain (Lolium perenne L. cv Apollo) in 
plants reported (Bonnet et al. 2000; Lasat and 
Kochian, 2000; Madhava and Sresty, 2000; 
Peralta-Videa et al. 2002; Podar et al. 2004;  
Andreini et al. 2006; Broadley et al. 2007; 
Alloway, 2008a,b; Cakmak,  2008a; Khatun et al. 
2008; DiBaccio et al. 2009; Ishimaru  et al. 2011; 
Zhao  et al. 2012;  Oladele  et al. 2013).  

L. leucocephala is the most wide spread 
species and is a fast-growing woody leguminous 
tree which is well known for its adoptability in arid 
and semi-arid lands of the world including 

Pakistan. L. leucocephala isgrowing at main busy 
roads of the Karachi, city and is under pressure of 
environmental pollution. Information on effects of 
copper (Cu) and zinc (Zn) individual and in 
combination on L. leucocephala is scarce. The 
present study was carried out to evaluate the 
effects of selected heavy metals viz. copper and 
zinc individually and in combination on seed 
germination and seedling growth performance of 
L. leucocephala. 
 
MATERIALS AND METHODS 

The healthy seeds of Leucaena leucephala 
(Lam.) de Wit. were randomly collected from the 
Karachi University Campus. The top ends of 
seeds were slightly cut with a clean scissor to 
remove any possible seed coat dormancy. The 
seeds were surface sterilized with 1% dilute 
solution of Sodium-hypo chlorite to prevent any 
fungal contamination. Ten seeds were placed in 
Petri dishes (90 mm diameter) on filter paper 
(Whatman No. 42). The solutions of copper 
sulfate and zinc nitrate were prepared having 0, 
25, 50, 75 and 100 ppm concentrations for 
individual treatment and for combined treatments 
(Cu+Zn).  At the start of experiment, 3ml of 
distilled water was added to each set and 3ml of 
each metal solution of 25, 50, 75 and 100ppm 
concentrations to each set of respective treatment 
and every 2nd day 1ml of 25, 50, 75 and 100ppm 
solutions of copper sulfate and zinc nitrate were 
added to respective treatment. The control 
received only 1ml of distilled water on alternate 
days. The experiments were designed on the 
basis of three replicates and the Petri dishes were 
kept at room temperature (32±2°C) with 240 Lux 
light intensity and the experiment lasted for 12 
days. The experiment was completely 
randomized. Seed germination, root, shoot, 
seedling lengths, seedling fresh weight were 
recorded and dry biomass was determined by 
placing the seedling in an oven at 80°C for 24 
hours. The seedling fresh and dry biomass was 
measured with electrical balance. Seedling vigor 
index (S.V.I) was determined as per the formula 
given by Bewly and Black (1982). The seed 
germination and seedling growth data were 
statistically analyzed by Analysis of Variance 
(ANOVA) and Duncan's Multiple Range Test 
(DMRT) to determine the level of significance at p 
< 0.05 on personnel computer using COSTAT 
version 3.   

Tolerance indices of seedlings were 
determined with the help of following formula. 
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Tolerance indices (T.I.).   Mean root length of 
metal treated seedlings    X 100 
   Mean root length of 
control seedlings 
 
RESULTS AND DISCUSSION 

The treatment of different (25, 50, 75, 100 
ppm) concentrations of both heavy metal Cu+2 and 
Zn+2 individually and in combination (Cu+2 + Zn+2) 
affected rate of seed germination percentage, 
root, shoot, seedling length and seedling fresh 
and dry weight of L. leucocephala as compared to 
control (Table 1). Seedling growth variables i.e. 
root and shoot length, seedling size, seedling 
fresh and dry weights declined with the increase 
in concentration of 25 to 100 ppm as compared to 
control treatment. The Cu+2 and Zn+2 individually 
and in combination at 25 ppm concentration did 
not produce any significant effect on root, shoot 
and seedling length of L. leucocephala. 
Germination and seedling establishment are 
important stage in the plant life cycle (Vang et al. 
2004). In present study, copper and zinc 
treatment at 50 ppm decreased seed germination 
of L. leucocephala as compared to control (0 
ppm). The treatments of Cu, Zn and Cu+Zn at 100 
ppm significantly (p<0.05) decreased high 
percentage of seed germination to 73.44, 76.67 
and 63.00%, respectively. The combined 
treatment of (Cu+Zn) at 75 ppm significantly 
decreased seed germination percentage of L. 
leucocephala. Copper treatment at 50 ppm 
significantly (p<0.05) decreased root, shoot and 
seedling length of L. leucocephala. Cu+ 
Zntreatment at 25 ppm significantly (p<0.05) 
decreased seedling dry weight of L. leucocephala. 
The Cu+2 and Zn+2 in combination at 50 ppm 
concentration produce significant toxic effect on 
seedling dry weight L. leucocephala as compared 
to control. The organisms cope with exposure to 
unwanted chemical elements (Gallego et al. 
2012).  

The data demonstrated that combined 
treatment of (Cu+Zn) at 100 ppm leads to 
significant (p<0.05) decreased in rate of seed 
germination percentage, root, shoot, seedling 
height and seedling dry weight of L. leucocephala 
as compared to individual treatment of copper and 
zinc.The effects of combined heavy metals may 
be quite different from those of individual 
pollutants due to interactions between heavy 
metals (MacFarlane and Burchett 2002). Seedling 
size which includes the length of root and shoot 
was recorded as 13.93 cm for control which 
decreased to 8.93 cm for copper, 9.47 cm for zinc 

and 7.70 cm for copper + zinc treatments when 
treated with 100 ppm solution of these metals. 
Individual and combined treatment of Cu and 
Cu+Zn significantly decreased seedling dry weight 
67 mg of L. leucocephala as compared to control 
97 and 113 mg, respectively. Kim et al. (2010) 
reported the increasing concentrations of Cu and 
Zn in half Murashige and Skoog nutrient solution 
culture were found significantly inhibited the 
growth of young sweet potato plants (Ipomoea 
batatas). Seedling fresh weights of L. 
leucocephala when treated with Zn, Cu and 
Cu+Zn at 100 ppm was significantly (p<0.05) 
reduced to 118, 115 and 100 mg as compared to 
control. Seedling fresh and dry weights of L. 
leucocephala when treated with different 
concentration of Cu+Zn was significantly (p<0.05) 
reduced to 100 and 67mg respectively, as 
compared to control. The morphological effects of 
Zn and Cu have been highlighted over the years 
by researchers. Copper and zinc influenced the 
germination rate and seedling growth of L. 
leucocephala but this influence was found more 
as compared for Cu+Zn. Chemical compounds 
exhibit toxicity via many mechanisms of toxic 
action (Ren, 2003). Heavy metals treatment 
produced negative influence on the seedling 
growth, causing a reduction in the production of 
seedling biomass of L. leucocephala. In present 
studies the toxicity and tolerance to copper and 
zinc individually and in combination on seed 
germination and seedling growth performances of 
L. leucocephala were recorded. The plant under 
stress conditions are most likely to be adversely 
affected by high concentration of heavy metals 
available in the immediate environment. Increase 
in concentration of Cu and Zn at 25–100 ppm 
significantly p<0.05 affected seedling growth 
performance of L. leucocephala as compared to 
control (0 ppm). Heavy metals are known to pose 
a potential threat to terrestrial and aquatic biota 
(Agoramoorthy et al. 2008). The seedling growth 
of L. leucocephala was decreased with increase in 
concentration up to 100 ppm of copper and zinc. 
Seedling size which includes the length of root 
and shoot was highly decreased when treated 
with 100 ppm solution of these metals. Sesbania 
drummondii seedling growth was found 
significantly inhibited with metal treatments copper 
(Cu) and zinc (Zn) (Israr et al. 2011).   

Copper and zinc influenced the germination 
rate and seedling growth of L. leucocephala. The 
release of heavy metals (Pb, Cd, Ni, Cr, Co, Fe, 
Zn and Cu) from industrial and automobile 
activities at higher level negatively influences on 
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biodiversity, seed germination, seedling growth, 
biomass production and ecosystem performance 
(Murtaa et al. 2017; Shahid et al. 2018; Kabir et 
al. 2020). 
 

 
 

 
 

Table 1: Effect different concentrations (0, 25, 50, 75, 100 ppm) of heavy metals (Copper, Zinc and 
Cu+Zn) on germination and seedling growth of Leucaena leucocephala (Lam) de Wit.  

Numbers followed by the same letter in the same column are not significantly different according to 
Duncan Multiple Range Test at p<0.05 level; ± Standard Error 

 

 
Figure 1: Percentage of tolerance and seedling Vigor indices in seedling growth performance of 
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Germination 
(%) 

Root 
length 
(cm) 

Shoot 
length 
(cm) 

Seedling 
size 
(cm) 

Seedling 
dry weight 

(mg) 

Seedling 
fresh 

Weight 
(mg) 

 
 

Cu 

00 93.33±3.33a 5.70±0.06a 8.00±0.06a 13.70±0.06a 97±2.40a 177±4.98a 

25 90.00±5.77ab 5.36±0.12a 7.87±0.09a 13.23±0.20a 90±0.88b 159±2.64b 

50 83.33±3.33abc 4.77±0.18b 6.93±0.28b 11.70±0.4ab 87±0.88b 149±3.38b 

75 80.00±0.00bc 4.07±0.14c 6.17±0.18c 10.24±0.33c 82±0.58c 132±2.96c 

100 73.33±3.33c 3.53±0.03d 5.40±0.25d 8.93±0.27d 67±2.08d 115±2.88d 

 
 

Zn 

00 93.33±3.33a 5.80±0.06a 8.13±0.12a 13.93±0.12a 101±2.73a 175±4.72a 

25 90.00±5.77a 5.50±0.15a 7.77±0.24a 13.27±0.37a 93±0.57b 160±3.38b 

50 86.67±3.33ab 5.00±0.25b 6.97±0.22b 11.97±0.40b 90±1.00b 151±2.64b 

75 83.33±3.33ab 4.23±0.18c 6.33±0.22c 10.56±0.39c 84±1.20c 135±2.31c 

100 76.67±3.33b 3.77±0.03c 5.70±0.10d 9.47±0.13d 69±1.45d 118±2.90d 

 
 

Cu+Zn 

00 86.00±3.33a 3.5±0.06a 8.3±0.06a 11.80±0.11a 113±2.33a 181±4.67a 

25+25 83.00±3.33a 3.4±0.12a 7.8±0.18a 11.30±0.25a 106±1.73a 163±5.21b 

50+50 83.00±3.33a 2.9±0.12b 7.0±0.10b 9.96±0.22b 94±2.40b 140±4.62c 

75+75 66.00±6.66b 2.6±0.05c 5.93±0.43c 8.53±0.49c 80±4.97c 122±7.37d 

100+100 63.00±3.33b 2.3±0.09c 4.83±0.06d 7.17±0.14d 67±1.52d 100±2.03e 
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Leucaena leucocephala (Lam) de Wit. in different concentration (0, 25, 50, 75, 100 ppm) of heavy 
metals (Copper, Zinc and Cu+Zn)l. 

Low tolerance indices for L. leucocephala 
seedlings were recorded for 100 ppm at combined 
treatment of Cu+Zn as compared to individual 
treatments of Cu and Zn. Despite the fact that 
heavy metals cause detrimental effect on plants 
and other organisms at the same time it is also 
found that plants have the ability to grow in sites 
where soil contains greater than usual amounts of 
heavy metals or other toxic compounds (Ismail et 
al. 2013). Festuca rubra L. a perennial grass was 
used in ecorestoration of contaminated sites due 
to its extensive root system, good seedling vigor, 
fast growing, large biomass, and high tolerance to 
unfavorable environmental conditions. F. rubra 
has a high phytoremediation potential for As, B, 
Cu, Zn, Mn, Mo, and Se from fly ash (Gajić et al. 
2020). Tolerance indices and seedling vigor index 
of L. leucocephala for individuals and combined 
metal treatment also decreased with increase in 
concentration of metal treatment of Cu, Zn 
individually and in combination Cu + Zn (Fig. 1). 
The reduction in seedling tolerance indices of L. 
leucocephala was also recorded for combined 
metal treatment. This reduction in seedlings of L. 
leucocephala was prominent for Cu+Zn 
treatments (65.71%) followed by 65 and 61.92%. 
Low tolerance indices were recorded for 100 ppm 
at combined treatment of Cu+Zn as compared to 
individual treatment of Cu and Zn. Seedling Vigor 
Index (S.V.I.) for L. leucocephala was highest in 
control seedling and gradually declined with the 
increase in concentration of Cu and Zn treatments 
from 25 to 100 ppm. 

CONCLUSION 
Overall, this study concludes that the 

seedlings growth performance of L. leucocephala 
gradually reduced with increased in 
concentrations of metals from 25 to 100 ppm to 
Cu and Zn treatment as compared to control (0 
ppm). The combined metal treatments of Cu+Zn 
on seedlings of L. leucocephala were also found 
toxic as compared to control. The inhibitory effects 
of metals showed the following order 
Zn>Cu+Zn>Cu> of metal toxicity and tolerance 
indices to different concentrations for seedlings of 
L. leucocephala. Similarly, seedling Vigor Index 
(S.V.I.) for L. leucocephala was highest in control 
and gradually declined with the increase in 
concentration of Cu, Zn and Cu+Zn treatments 
from 25 to 100 ppm as compared to control.  
These differences in the toxicities and tolerance to 
Cu and Zn in L. leucocephala seedlings with the 

help of tolerance indices should be taken into 
account for biomonitoring and plantation in metal 
contaminated areas to lessen the burden of 
pollutants from the environment. 
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