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ABSTRACT  
 

         This study was conducted under the full sun at Orman Botanical Garden, Giza, Egypt during 
2015 and 2016 seasons in order to examine the deleterious effects of lead (Pb), cadmium (Cd) and 
nickel (Ni) heavy metals when applied in combinations as acetate salts to the soil mixture at the 
concentrations of 00.00 ppm for every metal as control, 500 ppm Pb + 50 ppm Cd + 25 ppm Ni for 
combination number one (T1) and 2-, 3- and 4-fold of these concentrations for combinations number 
two (T2), three (T3) and four (T4), successively on growth performance, chemical composition and 
tolerance of one-year-old transplant of butterfly tree (Bauhinia purpurea L.) cultivated in 20-cm-
diameter black polyethylene bags filled with about 3 kg/bag of sand and clay mixture at equal parts by 
volume (1:1, v/v). The obtained results indicated that survival % was descendingly decreased with 
increasing heavy metals concentrations to become 50 % only by T2 combination versus 100 % for 
control plants in the two seasons. However, a great reduction in the means of such trait was observed 
with T3 and T4 combinations that declined the percent of this parameter to less than 35 and 20 %, 
respectively. A similar response occurred as well with few exceptions in respect to the means of 
vegetative and root growth characters, which were gradually decreased as a result of increasing heavy 
metal concentrations with significant differences compared to control means in most cases of both 
seasons. The inferiority in all previous measurements was for T4 combination which gave the least 
averages at all in the two seasons. The results cleared also that pollution resistance index (PRI %) and 
leaf content of photosynthetic pigments, total soluble sugars, N, P and K% took a similar trend to that 
of vegetative and root growth parameters, as their means were gradually diminished as the 
concentration of heavy metals was elevated. On the other hand, contents of Pb, Cd and Ni in the 
leaves and roots were progressively increased with raising their concentrations in the polluted soil 
mixture. From the foregoing results, it can be concluded that butterfly tree (Bauhinia purpurea 
L.)transplants can tolerate the low (T1) and medium (T2) levels of Pb, Cd and Ni metals, although 
they absorbed high amounts of these metals under such concentrations indicating their validity for 
remediating the soils contaminated with Pb, Cd and Ni up to concentrations of 1000, 100 and 50 ppm 
of the three metals, respectively. 
 
Key words: Butterfly tree (Bauhinia purpurea L.), heavy metals, photosynthetic pigments, lead, 

cadmium and nickel.  

 
Introduction 
 

Soil pollution with heavy metals represents a great threat to human health and our local 
environments, so the use of ornamental plants may greatly share in removing such toxic metals or at 
least reducing their concentrations to the non-harmful levels (Tauqeer et al., 2016). Thus, it is 
necessary to find more ornamentals that may help in facing this developed danger. Among these 
ornamentals may be the butterfly tree, orchid tree (Bauhinia purpurea L.), which is native to warm 
temperate and tropical regions. 

The tree belongs to Fam. Leguminosae, up to 6-10 m height, leaves alternate with 2 lobed till 
1/3 their length, often confused with B. variegata, but much earlier flowering with petals not 
overlapping, narrower, oblanceolate and 3-4 fertile stamens. Flowers in short racemes appearing as 
leaves in autumn. No variant with pure white is known. Propagated mainly by seeds. Grown as 
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ornamentals in warm regions and used for food, medicine, dyeing, as a gum and for farm implements 
(Bailey, 1976). Moreover, Lau and Luk (2001) used the leaves of Bauhinia blakeana as a biomonitor 
of atmospheric pollution in Hong Kong, as they observed a great correlation between ambient Fe, Cu, 
Zn and Cd concentrations and those in leaves. The concentration of sulphate in the leaves of such tree 
was found to be directly related to ambient sulpher dioxide (SO2) and total suspended particles in the 
air of congested roads. Using Bauhinia blakeana as a biomonitor for atmospheric pollution may be 
ascribed to its high biomass production that can both tolerate and accumulate the contaminants (Ebbs 
and Kochian, 1997). 

The different effects of heavy metals on plants were last reviewed by many workers, such as 
Fernandes and Henriques (1989) who found that holm-oak trees growing in susbstrate affected by the 
mining showed clear stunting, reduced leaf size and extensive necrotic and chlorotic spotting, and had 
concentrations more than 50 times higher for Cu and 20 times higher for Pb and Zn. There was 
variable uptake of metallic ions by plants. In this regard, Schickler and Caspi (1999) stated that 
Alyssum argentium accumulated higher amounts of Cd and Ni in its shoots, while A. maritimum 
accumulated higher quantity of Cd only. Several reports were also attained by Schenk and Bucher 
(2000) on Petunia, Abbaas (2002) on Casuarina glauca, Taxodium distichum and Populus nigra, 
Shahin et al., (2002) on Salvia splendens and Vinca rosa, Wang and Zhou (2005) on Tagetes erecta, 
Salvia splendens and Abelmoschus manihot, Shahin and El-Malt (2006) on Acacia nilotica, Quercus 
ruber and Tipuana tipu, Shahin et al., (2007) on Matthiola incana and Dimorphotheca ecklonis, 
Abdalla and Mahmoud (2008 a, b) on Acalypha wilkesiana, Asclepias curassavica, Dodonaea viscosa 
and Tabernaemontana divaricata, Manousaki and Kalogerakis (2009) on Atriplex halimus, Erdogan 
et al., (2011) on Aptenia cordifolia, Carpobrotus edulis and Bryophllum tubiflorum, Wang et al., 
(2012) on Chlorophytum comosum, Ramana et al., (2015) on Euphorbia milii and Tauqeer et al., 
(2016) who said that Alternanthera bettzickiana is hardy and perennial ground cover able to 
accumulate Cd and Pb in the  different plant parts and total uptake of both metals was higher in 
shoots than in roots. Plant growth, biomass and photosynthetic pigments were increased with 
increasing metal concentration up to 1 mM in soil and then decreased with higher metal levels. 
Likewise, Forte and Mutiti (2017) indicated that both Helianthus annuus and Hydrangea paniculata  
accumulated significant amounts of Cu and Pb to be classified as hyperaccumulator species 

The present trail, however was set out in order to investigate the response of one year old 
transplanted of  butterfly tree to the gradual concentrations of lead, cadmium and nickel when applied 
together in combinations. 
 
Materials and methods 
  

An experiment was carried out under the full sun at Orman Botanical Garden, Giza, Egypt 
throughout 2015 and 2016 seasons to study the effect of lead (Pb), cadmium (Cd) and nickel (Ni) 
heavy metal combinations on survival , growth behaviour, chemical composition and tolerance ability 
of butterfly tree transplants, as a fast growing ornamental tree with high biomass production under 
environmental stresses. 

Thus, one-year-old seedlings of Butterfly tree (Bauhinia purpurea L.) at a length of 30 ± 2 cm 
and carry about 6-7 leaves were planted on April, 1st for every season in 20-cm-diameter black 
polyethylene bags (one seedling/bag) filled with about 3 kg/bag of sand and clay mixture at equal 
parts for each by volume (1:1, v/v). The physical and chemical properties of the sand and clay soil 
used in the two seasons were determined and listed in Table (a). 
 

Table a: Physical and chemical properties of the sand and clay soil used in 2015 and 2016 seasons. 

Soil 
type 

Season 

Particle size distribution 
(%) 

S.P. 
E.C. 

(dS/m) 
pH 

Cations (meq/l) Anions (Meq/l) 

Coarse 
sand 

Fine 
sand 

Silt Clay Ca++ Mg++ Na+ K+ HCO3
- Cl- SO4

-- 

Sand 
2015 18.72 71.28 4.76 5.34 21.83 1.58 8.20 2.65 2.48 21.87 0.78 3.85 13.00 10.93 
2016 79.76 9.30 2.50 8.44 23.10 1.76 7.90 19.42 8.33 7.20 0.75 1.60 7.80 26.30 

Clay 
2015 7.46 16.75 34.53 40.89 41.67 2.10 8.33 16.93 9.33 20.44 0.37 3.82 1.46 41.79 
2016 7.64 22.50 30.15 39.71 53.36 2.23 7.92 7.50 2.21 15.49 0.75 6.28 8.12 11.05 
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Thawing salts of Pb, Cd and Ni (acetates), manufactured by Alderich Chemical Co., Inc., 1001 West 
Saint Paul Avenue, Milwaukee, Wisconsin 53233, USA were mixed well in combinations through the 
particles of the used soil mixture before filling the plastic bags at concentrations of 00.00 ppm for 
each metal as a control, 500 ppm Pb + 50 ppm Cd + 25 ppm Ni for treatment number one (T1) and 2-, 
3- and 4-fold of these concentrations for treatments number two (T2), three (T3) and four (T4), 
respectively above the background levels of these metals in the used mixture. The plastic bags 
(without drain holes to keep the metals from leaching) were immediately irrigated after planting with 
250 ml of fresh water/bag, but thereafter the irrigation was done once day by day with only 200 ml of 
water/bag till the end of experiment. The other agricultural practices needed for such plantation were 
done as usually growers did. The plants were set out for every season in a complete randomized 
design and replicated thrice with five plants per replicate (Mead et al., 1993). 

At the end of each season (on October, 1st), the following data were recorded: survival 
percentage, plant height (cm), stem diameter at the base (cm), number of branches/plant, number of 
leaves/plant, leaf area (cm2), leaf petiole length (cm), mean root length (cm), number of root 
branches/plant, as well as aerial parts and roots fresh and dry weights (g), while the pollution 
resistance index as a percent (PRI %) was calculated from the equation previously used by Wilkins 
(1957): 
PRI (%)  = mean root  length(cm)of the polluted plants/mean root length of control ones x100 

In the fresh leaf samples taken from the middle parts of the plants, photosynthetic pigments 
(chlorophyll a, b and carotenoids, mg/g f.w.) and total soluble sugars (mg/g f.w.) were determined 
according to the methods of Yadava (1986) and Dubois et al., (1966), respectively, while in dry 
samples, of nitrogen (Black, 1956), phosphorus (Luatanab and Olsen, 1965) and potassium% 
(Jackson, 1973) were measured as percentages. Besides, content of Pb, Cd and Ni in dry samples of 
leaves and roots (ppm) were assessed in the second season only using a Perkin Elmer 403 atomic 
absorption spectrophotometer (Jackson, 1973). 

Data were then tabulated and the only morphological ones were statistically analyzed using 
program of SAS Institute (2009) which was followed by Duncan's New Multiple Range Test (Steel 
and Torrie, 1980) for means comparison.  
 
Results and Discussion 
 
Effect of lead (Pb), cadmium (Cd) and nickel (Ni) combinations on: 
 
1. Survival percentage and vegetative and root growth parameters: 

Contrary to the results of black elderberry (part, I), data presented in Table (1) clear that 
survival % of butterfly plants was descendingly decreased with increasing concentration of heavy 
metals to become 50 % only by T2 combined treatment versus 100 % for control plants in the two 
seasons. However, a high mortality rate was observed with T3 and T4 combinations, which reduced 
less than 35 and 20 %, respectively. This may indicate the low tolerance of  plants to toxicity of heavy 
metals that may inhibit vital processes in plant tissues due to the excessive accumulation of reactive 
oxygen species (ROS) and methylglyoxal (MG), as both of them can cause peroxidation of lipids, 
oxidation of protein, in activation of enzymes, DNA damage and/or interact with other vital 
constituents of plant cells (Hossain et al., 2012). In addition, there is a considerable variation in 
tolerance and metal uptake between clones and plant species due to the diverse chromosomal 
aberrations in mitotic cells of shoot and root tip meristems induced by Cd and Hg (Chaudhuri et al., 
1993);. In this regard, Punshon et al., (1995) found great differences in copper uptake and root 
production between 16 willow species and hybrids. Similarly, Kopponen et al., (2001) found 
considerable variation in the tolerance to Cu and Zn in birch clones from metal-contaminated sites 
when grown in an artificially contaminated soil. Ramana et al., (2015) manifested that Euphorbia 
milii plant can tolerate Cr toxicity up to 75 mg/kg soil and beyond that there was mortality of plants. 
A gradual decrement was also obtained with few exceptions in the matter of plant height (cm), stem 
diameter (cm), number of branches and leaves/plant, leaf area (cm2), leaf petiole length (cm), root 
length (cm), number of root branches/plant, as well as aerial parts and roots fresh and dry weights (g) 
as a result of increasing heavy metal concentrations with significant differences compared to control 
means in most cases of the two seasons (Tables, 1, 2 and 3). The inferiority in all previous parameters 
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was for T4 treatment that gave the least records at all in both seasons making plants semidwarf 
(dwarfish). This may be reasonable because heavy metals may cause abnormal cell wall organization, 
mostly the meristematic tips, reduce leaf size and shorten plant length (Fernandes and Henriques, 
1989). Moreover, heavy metals cause oxidative stress in plants by producing reactive oxygen species 
(ROS) which lead to physiological disorders and ultimately plant death (Ali et al., 2015). You et al., 
(1999) mentioned that Hg injury to roots and leaves of Nymphoides indica referred to the reduction in 
activity of peroxidase enzyme. A reduction in glutathione reductase activity due to Cd stress was also 
revealed by Schickler and Capsi (1999) in Alyssum maritimum. 

The previous results are in agreement with those elicited by Schenk and Bucher (2000) on 
Petunia, Shahin et al., (2002) on Salvia splendens and Vinca rosa, Wang and Zhou (2005) on Tagetes 
erecta, Salvia splendens and Abelmoschus manihot, Manousaki and Kalogerakis (2009) on Atriplex 
halimus, Wang et al., (2012) on Chlorophytum comosum and Tauqeer et al., (2016) on Alternanthera 
bettzickiana ground cover.  
 
Table 1: Effect of heavy metal combinations on survival % and some vegetative growth parameters of Bauhinia 

purpurea L.trans plants during 2015 and 2016 seasons. 
Heavy metals 
combinations  

(Pb + Cd + Ni, ppm) 

Survival (%) 
Plant height 

(cm) 
Stem diameter 

(cm) 
No. branches 

per plant 
No. leaves 
per plant 

2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 
0.0 + 0.0 + 0.0 (Cont.) 100.0a 100.0a 72.00a 78.64a 0.70a 0.76a 3.00a 3.00a 29.67a 32.50a 
500 + 50 + 25 (T1) 66.70b 67.50b 74.00a 78.50a 0.55ab 0.62ab 2.67ab 3.00a 16.33b 18.00b 
1000 + 100 + 50 (T2) 50.00c 50.00c 64.67b 71.63b 0.50b 0.56b 2.33b 2.41ab 14.33b 15.97b 
1500 + 150 + 75 (T3) 33.46d 34.79d 45.33c 47.81c 0.48b 0.53b 2.33b 2.36b 9.76c 10.85c 
2000 + 200 + 100 (T4) 19.63e 16.67e 37.10d 38.33d 0.40b 0.50b 2.00c 2.30b 7.68c 8.67c 

Means followed by the same letter in a column do not differ significantly according to Duncan`s New Multiple Range t-Test 
at P = 0.05 
 
Table 2: Effect of heavy metal combinations on leaf, root traits and PRI of Bauhinia purpurea L. plants during 

2015 and 2016 seasons. 

Heavy metals 
combinations  

(Pb + Cd + Ni, ppm) 

Leaf area 
(cm2) 

Petiole length 
(cm) 

Root length 
(cm) 

No. root branches 
per plant 

Pollution 
resistance index 

(PRI %) 
2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 

0.0 + 0.0 + 0.0 (Cont.) 39.10a 40.00a 5.17a 5.23a 27.80a 31.36a 6.33a 7.00a 100.00a 100.00a 
500 + 50 + 25 (T1) 32.50b 32.11b 3.80b 3.67b 24.33b 26.88b 3.31b 3.79b 87.52b 85.72b 
1000 + 100 + 50 (T2) 22.83c 22.50c 2.37c 2.50c 19.33c 22.40c 3.36b 3.67b 69.53c 71.43c 
1500 + 150 + 75 (T3) 19.91cd 19.60cd 2.50c 2.50c 15.33d 16.83d 2.67b 3.03b 55.14d 53.67d 
2000 + 200 + 100 (T4) 14.63d 13.63d 2.33c 2.37c 12.00e 13.45e 2.67b 3.00b 43.17e 42.89e 

Means followed by the same letter in a column do not differ significantly according to Duncan`s New Multiple Range t-Test 
at P = 0.05 
 

Table 3: Effect of heavy metals combinations on aerial parts and roots fresh and dry weights of Bauhinia 
purpurea L. plants during 2015 and 2016 seasons. 

Heavy metals  
combinations 

(Pb + Cd + Ni, ppm) 

Aerial parts Roots 
Fresh weight (g) Dry weight (g) Fresh weight (g) Dry weight (g) 
2015 2016 2015 2016 2015 2016 2015 2016 

0.0 + 0.0 + 0.0 (Cont.) 19.85a 22.25a 10.96a 12.28a 10.26a 11.50a 5.56a 6.23a 
500 + 50 + 25 (T1) 20.00a 22.40a 11.31a 12.37a 8.46b 9.56b 4.50b 5.18b 
1000 + 100 + 50 (T2) 13.20b 14.80b 8.02b 8.21b 6.03c 6.78c 3.46c 3.68c 
1500 + 150 + 75 (T3) 10.94c 11.93c 7.64b 6.60bc 4.81d 5.41d 2.18d 2.93d 
2000 + 200 + 100 (T4) 8.78d 9.87d 5.93c 5.47c 4.56d 5.10d 2.17d 2.68d 

Means followed by the same letter in a column do not differ significantly according to Duncan`s New Multiple Range t-Test 
at P = 0.05. 
 

2. Pollution resistance index percentage (PRI %): 
Data presented in Table (2) clear that pollution resistance index took a similar trend to that of 

vegetative and root growth parameters, as the means of this criterion were cumulatively diminished with 
increasing metals concentration to be only less than 50 % by the highest concentration (T4 treatment) 
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relative to control means in the two seasons. This may indicate that butterfly tree plants can tolerate 
the above medium concentrations of toxic metals (T3 treatment), but this is not true because more 
than 65 % of plants were died under the stress of this treatment (Table, 1). However, reducing the 
percent of PRI by T3 combined treatment to 55.14 and 53.67 % in the first and second seasons, 
respectively may be attributed to decreasing the root length of plants subjected to such treatment (T3) 
to 15.33 and 16.83 cm against 27.80 and 31.36 cm for control plants in the 1st and 2nd seasons, 
respectively. 

Reducing resistance indices of plants subjected to heavy metals toxicity was noticed before by 
Shahin et al., (2002) on Salvia splendens and Vinca rosea, Wang and Zhou (2005) on Tagetes erecta, 
Salvia splendens and Abelmoschus manihot, Shahin et al., (2007) on Matthiola incana and 
Dimorphotheca ecklonis and Abdalla and Mahmoud (2008a) who declared that Acalypha wilkesiana 
transplants gave longer roots than control transplants under low and medium concentrations of Pb, Cd 
and Ni toxic metals (T1, T2 and T3), while under the highest concentrations (T4 and T5), the length 
of their roots was slightly decreased to be quite similar to that of control. So, it gave the highest PRI 
%  compared to Asclepias curassavica, Tabernaemontana divarigata and Dodonaea viscosa . 
Besides, Wang et al., (2012) showed that the tolerance index of Chlorophytum comosum plant under 
Cd stress was above 100 % in soil contaminated with Cd up to 100 mg/kg soil, but was gradually 
decreased with elevating Cd level in the soil up to 200 mg/kg soil.  
 
3. Chemical composition of the leaves and roots:  

According to data presented in Tables (4, 5 and 6), it is concluded that leaf content of 
chlorophyll a, b, carotenoids and total soluble sugars (mg/g f.w.), as well as the percentages of 
nitrogen, phosphorus and potassium were descendingly declined in response to the progressive 
elevating of Pb, Cd and Ni concentration in various combinations used in this study, with the 
exception forT1 combination, which slightly improved leaf content of chlorophyll a and nitrogen. In 
addition, the rate of decrement in K % was trivial among treatments in both seasons. 
 
Table 4: Effect of heavy metals combinations on pigments and total soluble sugars content in the leaves of 

Bauhinia purpurea L. plants during 2015 and 2016 seasons. 
Heavy metals 
combinations 

(Pb + Cd + Ni, ppm) 

Pigments (mg/g f.w.) Total soluble sugars 
(mg/g f.w.) Chlorophyll (a) Chlorophyll (b) Carotenoids 

2015 2016 2015 2016 2015 2016 2015 2016 
0.0 + 0.0 + 0.0 (Cont.) 1.813 2.027 1.133 1.268 1.158 1.301 18.11 20.03 
500 + 50 + 25 (T1) 1.830 2.050 1.106 1.223 1.133 1.270 14.16 17.04 
1000 + 100 + 50 (T2) 1.617 1.811 0.589 0.661 1.109 1.246 11.08 12.50 
1500 + 150 + 75 (T3) 1.323 1.517 0.421 0.469 0.938 0.979 10.50 11.78 
2000 + 200 + 100 (T4) 1.267 1.401 0.392 0.431 0.910 0.951 08.68 09.73 

 

Table 5: Effect of heavy metals combinations on nitrogen, phosphorus and potassium % in the leaves of 
Bauhinia purpurea L. plants during 2015 and 2016 seasons. 
Heavy metals 
combinations 

(Pb + Cd + Ni, ppm) 

N (%) P (%) K (%) 

2015 2016 2015 2016 2015 2016 

0.0 + 0.0 + 0.0 (Cont.) 3.519 3.237 0.481 0.386 0.773 0.867 

500 + 50 + 25 (T1) 2.756 2.458 0.389 0.331 0.730 0.829 

1000 + 100 + 50 (T2) 2.529 2.243 0.304 0.271 0.728 0.818 

1500 + 150 + 75 (T3) 2.148 1.912 0.237 0.230 0.723 0.810 
2000 + 200 + 100 (T4) 1.902 1.703 0.193 0.188 0.722 0.810 

 
The opposite was the right with respect to the content of Pb, Cd and Ni (ppm) in the leaves and 

roots, which was progressively increased as the concentration of such elements was increased in the 
polluted soil. However, the roots accumulate to some extent, higher concentrations of metals than the 
leaves. In this connection, Abbaas (2002) stated that N and P % in the tissues of Casuarina glauca, 
Taxodium distichum and Populus nigra were decreased with increasing Pb, Cd and Ni concentrations. 
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Total carbohydrates decreased by Pb and its combinations with both Cr and Ni, while the 
applied heavy metals were increased in the different parts of the used trees, with elevating their 
concentrations, especially in the roots, followed by stems and then in the leaves. 

Similar observations were also attained by Schenk and Bucher (2000) on Petunia, Shahin and 
El-Malt (2006) on sant, oak and tipu, Erdogan et al., (2011) on Aptenia cordifolia, Carpobrotus edulis 
and Bryophyllum tubiflorum, Tauqeer et al., (2016) on Alternanthera bettzickiana and Forte and 
Mutiti (2017) on Helianthus annuus and Hydrangea paniculata.   

From the previous gains, it is obvious that butterfly tree (Bauhinia purpurea L.) transplants can 
tolerate the low (T1) and medium (T2) levels of contamination with Pb, Cd and Ni, although they 
absorbed high amounts of these metals indicating their validity for remediation the soils contaminated 
with the low and medium levels of Pb, Cd and Ni, i.e., up to 1000, 100 and 50 ppm for the previous 
three metals, successively. 
 
Table 6: Effect of heavy metals combinations on lead, cadmium and nickel content in the leaves and roots of 

Bauhinia purpurea L. plants during 2016 season. 
Heavy metals combinations 

(Pb + Cd + Ni, ppm) 
Pb (ppm) Cd (ppm) Ni (ppm) 

Leaves Roots Leaves Roots Leaves Roots 
0.0 + 0.0 + 0.0 (Cont.) 21.199 18.079 4.189 4.378 1.318 1.301 
500 + 50 + 25 (T1) 39.842 43.426 6.215 6.801 1.591 1.438 
1000 + 100 + 50 (T2) 48.164 52.533 6.790 7.410 1.836 2.059 
1500 + 150 + 75 (T3) 52.312 58.037 7.219 7.876 2.403 2.623 
2000 + 200 + 100 (T4) 58.376 63.658 8.885 9.701 2.834 3.096 
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