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ABSTRACT 

A study was conducted at Orman Botanical Garden, Giza, Egypt during 2018 and 2019 seasons to detect the effect 

of Pb, Cd, and Ni heavy metals in combinations on growth and flowering of Hibiscus rosa-sinensis, L. ornamental 

plant. Concentrations of Pb + Cd + Ni were 00.00 ppm for control, 500 + 50 + 25 ppm for combination number one 

(T1) and twice, thrice and four-fold of these concentrations for combinations number two (T2), three (T3) and four 

(T4), respectively. Results indicated that no mortality was observed among the elemental-polluted plants, although 

the means of their various vegetative and root growth parameters were progressively decreased with increasing 

heavy metals concentrations in most cases of both seasons. Thus, the shortest and smallest plants were attained by 

T4 combination, followed by T3 one. The pollution resistance index (PRI%), was gradually decreased with increasing 

heavy metals concentrations to be more than 80% in both seasons, even by T4 treatment, pointing to the high ability 

of such plant to encounter the hazards of toxic metals. Means of flower diameter, flower fresh weight, and 

concentrations of chlorophyll a, carotenoids, and total soluble sugars were decreased, but flower axil length and 

concentrations of K in the leaves, as well as Pb, Cd and Ni in the leaves and roots, were progressively increased as a 

result of the gradual increment of heavy metals, with few exceptions in both seasons. 

Accordingly, H. rosa-sinensis plant can be successively used for landscaping of sites polluted with high concentrations 

of heavy metals. 
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INTRODUCTION 
The tolerance power of ornamental plants for growing well in soil polluted with heavy metals differs from one species 

to another. So, determining the potential of each species to toxicity of these hazardous metals may be urgent for 

detecting an active and greatly cheap way for removing such pollutants from the soil or rendering them harmless 

through using such ornamentals, which are considered non-food chain plants (Tauqeer et al., 2016). Among these 

ornamentals, valid for this purpose may be Rose of China (Hibiscus rosa-sinensis, L.) that belongs to Fam. Malvaceae. 

It is a large beautiful evergreen shrub to 5-7 m height, nearly glabrous; leaves usually simple, ovate, toothed or nearly 

entire; grown mostly in subtropical and tropical regions for its profuse large very showy flowers that are born solitary 

on the leaf axils, and also in glasshouses for the summer bloom (Bailey, 1976). Some medicinal uses of H. rosa-

sinensis were reported by Jadhav et al. (2009) who mentioned that over 100 million women worldwide are using H. 

rosa-sinensis with contraceptives to suppress fertility at will, for as long as desired, with almost 100% confidence 

and complete return to fertility on discontinuation. It is also used for regulation of the menstrual cycle, diuretic, anti-

tussive, dysentery, amenorrhea, and abortion. 

Furthermore, H. rosa-sinensis is the most significant and appealing species of genus Hibiscus, with a wide 

range of cultivars grown across the globe (Khan et al, 2014). It is a potential source of many bioactive natural 

products, which are of significant value in folk medicinal system, especially for curing liver disorders and 

hypertension (Yasmin, 2010). Many reports, however, exhibited that Hibiscus species are effective for metal uptake 

and can be fitted in long-term phytoremediation programs for removal of toxicants (Bhaduri and Fulekar, 2015). In 

this respect, Rai et al. (2013) found that the highest relative water content (RWC) in the industrial site was seen in 

Hibiscus rosa-sinensis compared to control site, whereas pH of leaf extract was reduced, and that makes such plant 
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able to encounter air pollution stress. On the same line, were those results of Noman et al (2017), Shrivastava and 

Prakash (2017), and Safari et al (2018) on H. rosa-sinensis. 

The deleterious effects of heavy metals on ornamental plants were previously documented by Shahin et al. (2002) 

on Salvia splendens and Vinca rosea cvs. Alba and Major, Wang and Zhou (2005) on Tagetes erecta, Salvia splendens 

and Abelmoschus manihot, Shahin et al. (2007) on Matthiola incana and Dimorphotheca ecklonis. Manousaki and 

Kalogerakis (2009) on Atriplex halimus, Erdogan et al. (2011) on Aptenia cordifolia, Wang et al. (2012) on 

chlorophytum comosum, Ramana et al. (2015) on Euphorbia milli, Ehsan et al. (2016) on Vinca rosea, Forte and Mutiti 

(2017) on Helianthus annus and Hydrangea paniculata and Omar (2018) who found that Sambucus nigra transplants 

can tolerate toxicity of Pb, Cd and Ni up to 2000, 200 and 100 ppm concentrations for the three metals, respectively 

plus uptaking considerable amounts of such metals indicating its ability for purifying the environment from them, 

while Bauhinia purpurea ones can tolerate toxicity of these metals, only up to 1000, 100 and 50 ppm concentrations 

pointing their low validity for environmental cleaning. 

The purpose of this trial, however, is to discover the potential of Chinese hibiscus to tolerate toxicity of lead, 

cadmium, and nickel when applied together in gradual concentrations 

MATERIALS AND METHODS 
This investigation was carried out in the open field at Orman Botanical Garden, Giza, Egypt throughout 2018 and 

2019 seasons to explore the impact of lead (Pb), cadmium (Cd), and nickel (Ni) at various concentrations on survival, 

growth and chemical composition of Chinese hibiscus transplants when applied in combinations. 

So, the young uniform transplants of Hibiscus rosa-sinensis, L. (6-months-old at about 22-23 cm length with 10-12 

leaves) were planted on April, 1st for every season in 20-cm-diameter black polyethylene bags (one transplant/bag) 

filled with about 4 kg of sand and clay mixture at equal parts 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 shown in Table (a). 

 
Table (a): The physical and chemical properties of the sand and clay soil used in 2018 and 2019 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  2018 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 

2019 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 2018 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 

2019 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 

 

Easy and quick soluble-salts (acetates) of lead [Pb (CH3CO2)2], cadmium [Cd (CH3CO2)2] and nickel [Ni (CH3CO2)2 ] 

produced by Aldrich 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 the following 

concentrations: 

- 00.00 ppm for each metal, as control. 

- 500 ppm Pb + 50 ppm Cd + 25 ppm Ni for T1. 

- 1000 ppm Pb + 100 ppm Cd + 50 ppm Ni for T2. 

- 1500 ppm Pb + 150 ppm Cd + 75 ppm Ni for T3. 

- 2000 ppm Pb + 200 ppm Cd + 100 ppm Ni for T4. 

The plastic bags (without drain holes to keep the metals from leaching ) were immediately irrigated after planting 
with 350 ml of freshwater/bag, but afterwards the irrigation was done day by day with only 250 ml of water/bag till 
the end of the experiment. However, the other usual agricultural practices needed for this plantation were carried 
out in time. The layout of the experiment in both seasons was a complete randomized design, replicated thrice with 
five plants per replicate (Mead et al., 1993). 

At the end of each season (on October, 1st ), data were recorded as follows: survival (%), plant height (cm.), 
stem diameter at the base (cm.), number of branches and leaves/plant, leaf area (cm2), petiole length (cm.), root 
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length (cm.), number of roots/ plant, as well as aerial parts and roots fresh and dry weights (g.). Besides, the pollution 
resistance index as a percent (PRI%) was calculated from the equation of Wilkins (1957):  
PRI(%): Mean root length of the polluted plant/ mean root length of control one ×100 
During flowering, the first flower diameter (cm.) and its axil length (cm.), fresh and dry weights (g) were measured. 
In fresh leaf samples taken from the middle part of the plants, photosynthetic pigments (chlorophyll a, b and 
carotenoids, mg/g.f.w.) and total soluble sugars (mg/g. f.w.) were determined by the methods of Sumanta (2014) 
and Dubois et al.(1966), respectively, while in dry ones, the percentages of nitrogen (Black, 1956), phosphorus 
(Cottenie et al., 1982) and potassium (Page et al., 1982) were assessed. Moreover, the concentration of Pb, Cd, and 
Ni as ppm was evaluated in dry samples of leaves and roots according to the methods described by Page et al. (1982). 
All chemical analysis were only measured in the second season. 
Data were then tabulated and the morphological ones were subjected to analysis of variance using a program of SAS 
Institute (2009), which was followed by Duncan's New Multiple Range Test (Steel and Torrie, 1980) for comparison 
of means. 

 
RESULTS AND DISCUSSION 
 
Effect of lead (Pb), cadmium (Cd), and nickel (Ni) combinations on:  
1. Survival percentage and vegetative and root growth parameters: 
Data in Tables (1,2 and 3) clear that the survival % of Hibiscus plants subjected to heavy metals stress was 100% as 

control, without death in both seasons, although means of various vegetative and root growth characters were 

gradually decreased with increasing concentrations of these metals in most cases of the two seasons. Therefore, the 

least records of plant height (cm.), stem diameter (cm.), No. branches and leaves/ plant, leaf area (cm2), petiole 

length (cm.), root length (cm.), No. roots/plant, as well as fresh and dry weights of aerial parts and roots (g) were 

attained by T4 combination and followed by T3 one. This may be ascribed to the higher accumulation of toxic metals 

in plant tissues (as shown in Table 6), which usually reduces activity of most vital processes, such as photosynthesis, 

inhibits activity of some enzymatic systems and prevents the formation of carbohydrates, proteins and other 

metabolites (Rai et al., 2013). The organic Pb was found to derange the spindle fiber mechanism of cell division in 

plants, while Cd and Ni were found to reduce glutathione reductase activity (Omar, 2018). 

In this regard, Manousaki and Kalegorakis (2009) found that Cd and Pb greatly reduced growth and biomass and 

changed water relations in Atriplex halimus plants. Ramana et al. (2015) revealed that Cr at concentrations more 

than 75 ppm markedly reduced growth and survival% of Euphorbia millii plants. Further, Ehsan et al. (2016) noticed 

that plant height, No. leaves/ plant, fresh and dry weights of Vinca rosea plants were improved at low concentrations 

of Cr (10-30 ppm), but decreased at high ones (40-60 ppm). 

The percent of pollution resistance index (PRI%), as a real index denotes the capability of a plant to 

encounter pollution stress, was 100% for control plants in the two seasons (Table, 2), but it was significantly 

decreased consecutively to be more than 80%, even by the highest concentrations of toxic metals (T4 combination), 

indicating the ability of H. rosa-sinensis plants to combat toxicity of Pb, Cd and Ni metals when applied together at 

high concentrations. This may be attributed to either ability of hibiscus species to keep the relative water content in 

their leaves to the highest level plus reducing leaf extract pH to minimum value at polluted area (Rai et al., 2013), or 

inducing histological changes in their organs, such as those revealed by Noman et al. (2017) who observed that 

presence of toxicants in the rhizosphere modified anatomical features in H. rosa-sinensis cvs. Cooperi alba and 

Lemon chiffon, like thick stem epidermis, increased epidermal cell area, high vascular tissue, and enhanced cortical 

cell area. Likewise, Shrivastava and Prakash (2017) indicated that a marked alternation in epidermal traits, with an 

increased number of stomata and epidermal cells per unit area in leaf samples of H. rosa-sinensis plant collected 

from polluted sites than those from control ones. The length and width of guard cells and epidermal cells reduced 

significantly in leaves of polluted sites. In this concern, Safari et al. (2018) declared that the maximum accumulation 

index of Ni, Pb, V, and Co metals were found in the leaves of Nerium oleander (1.58) and in bark of H. rosa-sinensis 

(1.95) plants grown in industrial and urban areas than that of control site. So, hibiscus plants are effective for metal 

uptake and can be fitted in long-term phytoremediation programs for removal of toxicants (Bhaduri and Fulekar, 

2015). 
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Table (1): Effect of heavy metals combinations on survival and some vegetative growth traits of Hibiscus rosa-

sinensis, L.plants during 2018 and 2019 seasons. 

Heavy metals 
combinations 
(Pb+Cd+Ni,ppm) 

Survival (%) Plant height (cm) Stem 
diameter (cm) 

No. branches/ 
plant 

No.leaves/ plant 

2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 

0.0+0.0+0.0 (Cont.) 100.00 100.00 67.33a 64.78a 0.85a 0.88a 3.00a 3.00a 42.33a 41.00a 

500+50+25 (T1) 100.00 100.00 68.00a 65.10a 0.76b 0.75b 2.66a 2.38ab 39.50ab 35.92b 

1000+100+50 (T2) 100.00 100.00 65.93ab 64.27a 0.73b 0.76b 2.00b 2.00b 33.00b 31.76c 

1500+150+75 (T3) 100.00 100.00 56.00b 53.50b 0.84a 0.83a 2.00b 2.00b 28.17c 27.00d 

2000+200+100 (T4) 100.00n.s. 100.00
n.s. 

43.50c 43.00c 0.55c 0.51c 1.33c 1.31c 25.00d 23.78e 

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 metals combinations on leaf area, petiole length, root length, No. roots/plant, and PRI of 

Hibiscus rosa-sinensis, L. plants during 2018 and 2019 seasons. 

Heavy metals 
combinations 
(Pb+Cd+Ni,ppm) 

Leaf area (cm2) Petiole 
length (cm) 

Root length (cm) No. roots/ 
plant 

Pollution resistance 
index (PRI%) 

2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 

0.0+0.0+0.0 
(Cont.) 

36.96b 37.58a 3.87a 3.59a 49.31a 46.50a 8.00a 7.33a 100.00a 100.00a 

500+50+25 (T1) 41.32a 40.10a 3.43a 3.47a 43.90b 43.17b 6.67b 7.00a 89.03b 92.84b 

1000+100+50 (T2) 39.37a 38.21a 3.33a 3.38a 45.10b 42.33b 6.50b 6.33b 91.46b 91.03b 

1500+150+75 (T3) 30.81c 30.10b 3.25a 3.26a 43.76b 40.16bc 6.71b 6.30b 88.75b 86.37bc 

2000+200+100 
(T4) 

26.34d 25.71c 2.50b 2.53b 40.21c 39.00c 5.33c 5.15c 81.55c 83.87c 

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 Hibiscus rosa-

sinensis, L. plants during 2018 and 2019 seasons. 

Heavy metals 
combinations 
(Pb+Cd+Ni,ppm)  

Aerial parts Roots 

Fresh weight (g) Dry weight (g) Fresh weight (g) Dry weight (g) 

2018 2019 2018 2019 2018 2019 2018 2019 

0.0+0.0+0.0 (Cont.) 56.48a 54.80a 21.07a 20.43a 18.25a 17.51a 8.20a 7.87a 

500+50+25 (T1) 49.39b 48.46b 19.73b 19.31b 17.80ab 17.10ab 7.89a 7.58a 

1000+100+50 (T2) 47.38c 45.91c 17.64c 17.11c 17.33b 16.64b 6.93b 6.49b 

1500+150+75 (T3) 45.76d 43.32d 15.38d 14.50d 15.87c 15.23c 6.50b 6.24b 

2000+200+100 (T4) 36.73e 35.39e 13.45e 12.97e 15.36c 14.38d 5.78c 5.31c 

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

2. Flowering characteristics: 
It is obvious from data averaged in Table (4) that flower diameter (cm.) and flower fresh weight (g) are the most 
flowering traits negatively affected by toxicity of heavy metals combinations employed in such work, as their means 
consecutively decreased as the concentrations of heavy metals were increased, with few exceptions in both seasons. 
On the other hand, means of flower axil length (cm.) were significantly increased over control means by the various 
used treatments without significant differences among themselves in the two seasons. Yet, flower dry weight (g) 
was not affected by treatments of this trial, as the values of such traits were closely near together in both seasons. 

The deleterious effect of heavy metals on some flowering criteria may be referred to a reduction in cytokinin 
and gibberellin activities and sucrose and glucose contents in bud meristems during the transition to flowering 
(Bessonova, 1993). In this connection, Shahin et al. (2007) decided that flower diameter, No. inflorescences, and No. 
florets were descendingly decreased in plants of Matthiola incana and Dimorphotheca ecklonis with increasing Pb, 
Cd, and Ni concentrations. ZhiGuo and Wang (2013) recorded that the fresh weight of 100 flowers of some marigold 
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cultivars was progressively declined with the increase of Cd concentration. Similarly, Eid et al. (2016) observed that 
Cd at 80 ppm level significantly decreased No. flowers and flower dry weight of Tagetes erecta plants. 
Table (4): Effect of heavy metals combinations on flowering characteristics of Hibiscus rosa-sinensis, L. plants 

during 2018 and 2019 seasons. 

Heavy metals 
combinations 
(Pb+Cd+Ni,ppm) 

Flower diameter 
(cm) 

Flower axil length 
(cm) 

Flower f.w. (g) Flower d.W. (g) 

2018 2019 2018 2019 2018 2019 2018 2019 

0.0+0.0+0.0 (Cont.) 10.31a 10.09a 6.25b 6.07b 3.47a 3.51a 2.11 2.09 

500+50+25 (T1) 7.62b 7.45b 9.71a 9.43a 3.15b 3.30b 2.10 2.07 

1000+100+50 (T2) 7.50b 7.41b 9.83a 9.56a 2.80c 2.91c 2.11 2.10 

1500+150+75 (T3) 5.91c 5.78c 8.90a 9.39a 2.37d 2.48d 2.03 2.07 

2000+200+100 (T4) 6.34c 5.67c 9.50a 9.41a 2.71c 2.50d 2.10 n.s. 2.07 n.s. 

 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 
3. Chemical composition: 
From data listed in Table (5), it can be concluded that chlorophyll a, carotenoids and total soluble sugars 
concentrations (mg/g f.w.) were increased in the leaves of plants that received the low and medium rates of toxic 
metals (T1 and T2 treatments), but were diminished by the highest rates (T3 and T4 treatments). However, 
chlorophyll b concentration was decreased by all elemental treatments. This may be due to the indirect effects of 
heavy metals on photosystems related to the disturbances caused by such metals in Calvin cycle reactions and down-
regulation or even feedback inhibition of electron transport by the excessive amounts of ATP and NADP (Krupa et 
al., 1993). Besides, Droppa et al. (1996) suggested that Cd in greening leaves interferes with chlorophyll biosynthesis, 
acts mainly by inhibiting the LHC (light-harvesting complex) synthesis into stable complexes required for normal 
functional photosynthesis activity. 

The percentages of nitrogen (N) and phosphorus (P) in the leaves of elemental-contaminated plants were 
fluctuated (Table, 5), but greatly decreased by the highest levels of toxic metals (T4). This was not true for potassium 
(K) percentage in the leaves (Table, 5), as well as lead (Pb), cadmium (Cd), and nickel (Ni) concentrations (ppm) in 
the leaves and roots (Table, 6), as they were progressively increased in response to the gradual increment of heavy 
metals concentration. So, the highest concentrations of K, Pb, Cd, and Ni were noticed in organs of plants polluted 
with the highest rates of metals. However, the concentration of Pb, Cd, and Ni was found higher in leaves than in 
roots pointing to their transmission from roots to leaves. 
Table (5): Effect of heavy metals combinations on some constituents concentrations in the leaves of Hibiscus rosa-
sinensis, L. plants in 2019 season. 

Heavy metals 
combinations 

(Pb+Cd+Ni, ppm) 

Pigments (mg/g f.w.) Total soluble 
sugars 

(mg/gf.w.) 

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

Chlo. A Chlo. B Carot. 

0.0+0.0+0.0 (Cont.) 1.808 0.373 0.697 0.750 1.805 0.530 0.692 

500+50+25 (T1) 1.883 0.354 0.724 0.853 1.658 0.628 0.745 

1000+100+50 (T2) 1.927 0.361 0.772 0.855 1.731 0.557 0.789 

1500+150+75 (T3) 1.740 0.332 0.643 0.731 1.838 0.408 0.813 

2000+200+100 (T4) 1.581 0.287 0.575 0.573 2.490 0.355 0.837 

Table (6): Effect of heavy metals combinations on lead, cadmium, and nickel concentrations in the leaves and roots 

of Hibiscus rosa-sinensis, L. plants in 2019 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.) 26.276 8.425 1.731 0.605 5.685 1.878 

500+50+25 (T1) 37.459 26.501 2.433 1.567 7.601 2.976 

1000+100+50 (T2) 51.235 52.672 3.503 2.769 10.747 5.467 

1500+150+75 (T3) 74.398 53.580 4.786 3.058 17.636 7.715 

2000+200+100 (T4) 98.976 55.101 6.471 3.615 24.623 10.853 
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Absorption of metals by roots of plants grown in soil contaminated with heavy metals may be reasonable either to 

keep the equilibrium between their concentrations in soil solution and nutrients content in plant cells (Manousaki 

and Kalogerakis, 2009) or owing to the high amount of parenchyma in their tissues, as suggested byDissanayaki et al 

(2002) on Albizia odoratissima, Lantana camara and Weddelia trilobata. Such gains, however, are in harmony with 

those detected by Shahin et al. (2002) on Salvia splendes and Vinca rosea cvs. Alba and Major, Shahin et al (2007) 

on Matthiola incana and Dimorphotheca ecklonis, Wang et al (2012) on chlorophytum comosum, Forte and Mutiti 

(2017) on Helianthus annuus and Hydrangea industrial and Omar (2018) who implied that pigments, total soluble 

sugars, N and P contents in the leaves of Sambucus nigra and Bauhinia purpurea were linearly decreased with 

increasing concentrations of Pb, Cd, and Ni in the soil, while concentrations of these metals in leaves and roots were 

progressively increased as their levels in the soil was increased. Further, Safari et al. (2018) mentioned that Nerium 

oleander and Conocarpus erectus plants grown in industrialized area absorbed higher amounts of Ni, Pb, V, and Co 

metals than Bouganinvillea spectabilis and Hibiscus rosa-sinensis ones.  

In summary, it can be advised to culture H. rosa-sinensis plant in elemental-contaminated areas with high 

concentrations due to its high resistance and survival under these conditions. 
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ي  
تحمل سمية  (.Hibiscus rosa-sinensis, L)إلى أي مدى تستطيع شتلات الورد الصين 

ي توليفات
 
 بعض العناصر الثقيلة ف

 سيد محمد شاهي   , أحمد محمد على محمود, ريم محمد سعيد 
ة, مص قسم بحوث  ن ,مركز البحوث الزراعية, الجي  ن  الحدائق النباتية,معهد بحوث البساتي 

 
 كباااااادف  قلياااااا  ال التااااااة ك  عاااااااث ل وا هااااااة  اااااا ا ال حااااااد   لاااااا ل   باتااااااا  بحنااااااة ت ح اااااا  مااااااا باث البحاااااا  عاااااا   

 
ال لااااااوث مساااااا  را

ة  مصااااااااا  ااااااااا ث موعااااااااا   
ن    2018 أ رحااااااااار  ااااااااا س الدراعاااااااااة تحااااااااار ال ااااااااا صر الساااااااااا عة بحدف اااااااااة ا كرماااااااااا  النباتياااااااااة  الجاااااااااي 

2019   
 (.Hibiscus rosa-sinensis, L)ل عر ااااااة مااااااادم تح اااااا  نااااااا    ع اااااار عااااااا ة أنااااااهر مااااااا  الهبساااااا صر ال ااااااا  ن

  أتياااااااااط ب عاااااااا ي  عااااااااو ا  ق ر ااااااااا 
ن    ساااااااابة   4عاااااااام ك م لااااااااو ة بحااااااااوا    20الناميااااااااة سن كجاااااااام ماااااااا  م لااااااااو  الرماااااااا   ال ااااااااي 
ا لساااااااااا ية عنااااااااااا  الر ااااااااااا  1:1

 
  Ni  النيااااااااااا   (Cd)  الكااااااااااا م و   (Pb)حج ااااااااااا

اعنااااااااااد ترااااااااااا  ها للي  ااااااااااة  اااااااااا م    اااااااااا   سن
  ال ل اااااااااو ا لكااااااااا  عنصااااااااا  

ا  ال الياااااااااة:  اااااااااتر   اااااااااز  سن ن كي 
  ال ل اااااااااو   500ة     ار ااااااااا توليتاااااااااا  باااااااااالي 

   Pb  50 اااااااااز  سن
 اااااااااز  سن

  ال ل اااااااااو   Cd  25ال ل اااااااااو  
  بجا اااااااااث رااااااااااعا  ه هااااااااااة ك أر عاااااااااة أرااااااااااعا   اااااااااا س  (T1)ل وليتااااااااااة ال عاملااااااااااة ا ك Ni ااااااااااز  سن

ا  ل وليتا  ال عاملة الثا ية ن كي 
  على ال وا     (T4)ك الرابعة  (T3)   الثالثة (T2)الي 

و     ماااااااا   باتااااااااا  الهبساااااااا صر ال عاملااااااااة بال لوهااااااااا  ال عد يااااااااة   حاااااااادكث ماااااااا أكرااااااااحر الن ااااااااائع ال  ح اااااااا  عل هااااااااا عااااااااد  
% مثااااااا  ال  ار اااااااة  عااااااالى الاااااااروم مااااااا  أ  م وعااااااا ا  قياعاااااااا  الن اااااااو ال صااااااان  ك الجااااااا ر  100مع ياااااااة اسااااااابة ب اااااااا   حيااااااااةا 

ن  ك عليااااااا    مع ااااااام الحاااااااا   باااااااا  ال وعااااااا ي 
ا  العناااااااا  الث يلاااااااة سن ن   لهااااااا س النباتاااااااا  قاااااااد أ  تيااااااار تااااااادرحجيا  عحاااااااا ة تاااااااركي 

ا أحربتهااااااا توليتااااااة ال عاملااااااة الرابعااااااة  اااااا   
 
 ك  ا ااااااا

 
   اب ااااااا

 
 ك أ تهااااااا كب ااااااا

 
  تل هااااااا توليتاااااااة  (T4)أقصاااااا النباتااااااا   أقلهااااااا حج ااااااا

  ل ااااااادرة  (%PRI)  ك ل اااااااد أ  تيااااااار ال سااااااابة ال ث حاااااااة لااااااادلي  تح ااااااا  ال لاااااااوث  (T3)ال عاملاااااااة الثالثاااااااة 
    اااااااق ي ح اااااااي  

ا  العناااااااا   يلاااااااة  النباااااااا  عااااااالى م اكماااااااة ت هاااااااا  ال لاااااااوث بالعناااااااا  الث ن ت  تاراااااااا معن حاااااااا ك ل اااااااا  تااااااادرحصر    ل اااااااا با   تاااااااركي 
ا  العاليااااااااة ماااااااا  العنااااااااا  السااااااااامة 80الث يلااااااااة ل  اااااااا   أتااااااااي  ماااااااا   ن كااااااااي 

  تعرراااااااار للي 
ن ح   للنباتااااااااا  الاااااااا   % بااااااااا  ال وعاااااااا ي 

ار تلاااااااا  العنااااااااا   ك ل ااااااااد أ  ت(T4)بال عاملااااااااة الرابعااااااااة  ة ت  ال اااااااادرة العاليااااااااة لهاااااااا ا النبااااااااا  عاااااااالى موا هااااااااة أ ن ياااااااار   م ااااااااي 
ا  العنااااااااااا  الث يلااااااااااة    ن ااااااااااا  ااااااااااا  الع ااااااااااصر  ن افااااااااااد  ل ااااااااااا با   تااااااااااركي  ن

م وعاااااااااا ا  ق اااااااااار الز اااااااااارة ك كب هااااااااااا ال ااااااااااابب ل ااااااااااا  مي 
  ي اااااااا   علاااااااق ب اااااااوث عناااااااق الز ااااااارة  ك الااااااا   با   م وعااااااا ات  عااااااالى م وعااااااا  ال  ار اااااااة   ااااااا 

 
 هي     ااااااام ال عاااااااام     اااااااحيحا

 بحاااااااااا ة مح اااااااااوم ا كرا  مااااااااا   أماااااااااا الاااااااااوب  الجاااااااااا  للز ااااااااارة  لااااااااام   ااااااااا هر بااااااااا   مااااااااا   ااااااااا س ال عاااااااااام    أ هااااااااا 
 
ر  الن اااااااااائع أفياااااااااا

ا  ال ن تيااااااة ك ال  وعاااااا ة  ن كي 
 T2) لور ياااااا  أ  الكاركت ن حاااااادا  ك الساااااا رحا  الكليااااااة ال ائبااااااة بالنباتااااااا  ال عاملااااااة بااااااالي 

,T1)ا   اااااااو  ال  وعااااااا ة ك ال رتتعااااااااة   لكنهاااااااا أ  تيااااااار بااااااا كرا  النبا ن كي 
  أماااااااا مح ااااااااوم (T4 ,T3)تاااااااا  ال عاملاااااااة باااااااالي 

ن ك ا كرا  ماااااااااااا    ك ااااااااااااي 
 لورك ياااااااااااا  م   ااااااااااااد أ  تاااااااااااال م اااااااااااا هرا بج  اااااااااااام ال عااااااااااااام    أمااااااااااااا ال سااااااااااااث ال ث حااااااااااااة لعنصاااااااااااا  الني 

التوعاااااااااااتور بااااااااااا كرا  النباتاااااااااااا  ال عاملاااااااااااة بال لوهاااااااااااا  ال عد ياااااااااااة   اااااااااااد  ا ااااااااااار م  لباااااااااااة  لكنهاااااااااااا أ  تيااااااااااار ل اااااااااااا  كارااااااااااا  
مح ااااااااااااوم ا كرا  ك   ك لاااااااااااام ف اااااااااااا   لاااااااااااا  ح ي يااااااااااااا ل ح ااااااااااااوم ا كرا  ماااااااااااا  ال وتاعاااااااااااا و   ك كاااااااااااا ل  (T4)ل عاملااااااااااااة الرابعااااااااااااة با

ا  العنااااااااااااا   ن كاااااااااااي 
 بالعحاااااااااااا ة ال درحجياااااااااااة لي 

 
  با   تاااااااااااادرحجيا

الجااااااااااا كر مااااااااااا  عناااااااااااا  الر ااااااااااااا    الكاااااااااااا م و   النياااااااااااا  ك الااااااااااا  
  ا كرا  عنالجااااااااا كر م اااااااااا الث يلاااااااااة  ك ل اااااااااد  اااااااااا  مح اااااااااوم ا كرا  مااااااااا  عناااااااااا  الر اااااااااا   الكاااااااااا م و   

النياااااااااا  أعااااااااالى منااااااااا  سن
   ا كرا   ي ي  ت  أ   اث   س العنا  م  الج كر ت

   
  ال ناااااااا ق .Hibiscus rosa-sinensis, L ب اااااااا لهااااااا س الن اااااااائع  ف  ااااااا  ال و اااااااية  زراعاااااااة  باااااااا  الاااااااور  ال ااااااا  ن

ا سن
ا  مرتتعااااااااااة ماااااااااا  عناااااااااااا  الر ااااااااااا   ك الكااااااااااا م و  ك النيااااااااااا  لسااااااااااابث م ن كااااااااااي 

 اكم هااااااااااا ال رتتعااااااااااة لساااااااااا ية  ااااااااااا س ال لوهااااااااااة  ي 
 العنا  ك ب ا  ا حية تحر   س ال رك   

  : يةالكلمات المفتاح
 مق ي م اكمة ال لوث تلوث الي  ة   ال عا   الث يلة   الور  ال   ن

 

 


