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ABSTRACT 
 

The experimental trails were conducted during two successive seasons, 2013 and 2014 at green 
house of the National Research Centre, Cairo, Egypt. The purpose of this study is to investigate the 
influence of different Lead concentrations (0, 20, 40 and 80 ppm) on vegetative growth and chemical 
constituents of Tagetes erecta L. plants. The results indicated that all vegetative growth parameters i.e. 
plant height, branches number /plant, fresh and dry weight of herbage, flowers number/plant and 
flowers dry weight continuously decreased by increasing Lead concentrations as well as total 
carbohydrates(%) and essential oil(%). On the contrary, all oxidative enzymes (Catalase, peroxidase 
and superoxidase) increased by increasing Lead concentrations. While, relatively lower Lead 
concentration was less hazard effect of plants vegetative growth, slight reduction in previous growth 
parameters were obtained by 20 ppm Lead. Results of quantitative estimation of Pb in root and herbage 
showed that roots accumulated higher amount of Pb. On the contrary herbage accumulated higher 
amount of P than the roots, while slightly differences in roots and herbage content from N and K has 
been noticed. 
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Introduction 
 

Tagetes erecta L. plant family composite (Asterceae) with the common name of marigold, one 
of the most important ornamental plants, is valued inlandscape settings and also as cut flowers (Nau, 
1997). Marigold flowers are rich source of a natural yellow to orange dye, Helenian (a dipalmitat ester 
of a xanthophylls), which is in high demand by national and international companies. The flowers  are 
used  in processed food confectionery ,drugs and pharmaceuticals and in the poultry industry (Ram et 
al .,2000)  One of  the most important effects of  the plant is their uses as very valuable intercrop for 
controlling plant parasitic nematodes and insecticidal activity was recorded by Darwish (1992). The oil 
of this plant has a statistically significant antifungal and insecticidal activity (Balbaa et al., 2008). The 
plant is used in medicine where the flowers of plants with some oil are useful in skin diseases and 
burning sensations. 

Heavy metals are known to cause membrane damage structural disorganization of organelles 
impairment in the physiological functioning of the plants and ultimately growth retardation (Chien and 
kao, 2000). Industrial and agricultural activities have led to a considerable increase in heavy metals 
concentration in the different environmental compartments, especially in soil over the course of recent 
decade. 

Lead (Pb) is one of the major heavy metals of the antiquity and has gained considerable 
importance as a potent environmental pollutant. A part from the natural weathering processes, Pb 
contamination of the environment has resulted from mining and smelting activities, Pb containing 
paints, gasoline and explosives as well as from the disposal of municipal sewage sludge enriched in Pb 
(Chaney and Ryan, 1994). Pb causes multiple direct and indirect effect on plant growth and metabolism 
(Tomar et al., 2000). Root development is especially hampered (Salt et al., 1995). Root endodermis 
acts as a barrier to lead uptake to shoot (Sobotik et al., 1998). Germination of seeds is drastically 
affected at high concentrations .Development and growth of root and shoot in seedling stage are also 
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affected, with roots being more sensitive. Initiation of lateral roots is most sensitive (Fargasova, 1994 
). The extent to which Pb enters plants via the leaves to absorb Pb from aerial sources. However it is 
agreed that the bulk of the Pb taken up by plants remains in the roots (Kumar et al., 1995). 

 
Materials and Method 
 

A pot experimental trails were carried out during the two successive seasons of (2013 and 2014) 
at the screen of National Research Centre, Cairo, Egypt .It was intended to study  the effect of lead 
element on the growth and chemical constituents of  Tagetes erecta L. plant. Marigold. Seeds were 
obtained from horticulture Research Institute, Agric. Res. Centre, Ministry of Agriculture, Egypt. The 
seeds were sown in 30cm pots filled with soil during March for both seasons. The inner surfaces of pots 
were lined with a polyethylene sheet. Each pot contained 12 kg of air-dried soil. Plants were thinned to 
a maximum of three per pot, after a week of germination. The chemical and physical characteristics of 
soil before sowing were determined according to Jackson (1986) and the results were as follows, sand 
78.33 %, silt 4.43%, clay 17.24% with PH 7.81, EC 2.18 ds/m, CaCO3 2.25%, OM 1.55%, and the 
available of some elements were, P 0.65, K 16.5, Ca 23.22, Mg 11.52, Na 10.67 mg/100g, Pb 0.1 ppm 
and total N was 19.60 mg/100g.  

Each treatment including the control was replicated five times. Lead as lead nitrate Pb(NO3)2  was 
used after dissolving to prepare lead concentrations using distilled water and added as surface irrigation 
and repeated twice every week till the end of the season. Concentrations used were as follows: Control, 
Pb 20ppm, Pb 40 ppm and Pb 80 ppm. The pots were arranged in a randomized complete blocks design 
,with 4 treatments (control plus three lead treatments ) replicated  three times , which each replicate 
(block ) consisting of 5 plants / treatment.  All plants were applied with commercially fertilizer kristalon 
(NPK, 19:19:19) produced by Phayzen Company, Netherlands was applied at the rate of 5.0 g/pot in 
three equal doses after 4, 8 and 16 weeks from  sowing. 

The plant herbage was harvested by cutting above 6cm over the soil surface and the following 
data were recorded, plant height, number of branches/plant, fresh and dry weight of herb/plant, No. of 
flowers and dry weight of flowers/plant. 

Chemical Plant Analysis: Carbohydrate were extracted from drying finely ground leaves 
(Powdered) at flowering stage according to Herbert et al. (1971) and estimated the total carbohydrate 
calorimetrically by the phenol sulphoric acid method (Montgomery, 1961). Lead percentage was 
determined using the Atomic Absorption Spectrophotomter Zeiss FMD3 according to Jackson (1971). 
The essential oil percentage of fresh herb samples was extracted by water distillation for 6hr and then 
dried over anhydrous sodium sulphate and determined according to Guenther (1961).  

Superoxidase and Peroxidase activity were measured as a biochemical marker according to 
Reuveniet al., (1992). Catalase activity was measured Spectrophotomertrically according to Dhindsa et 
al., (1981).Macro elements were determined in dried herbage and roots at flowering stage according to 
the official and modified methods of analysis. Lead in dry samples of Herbage and roots (ppm) was 
determined in the second season only using the Atomic Absorption Spectrophotometer Zeiss FMD3.  
The recorded data (means of the two growing seasons) were statistically analyzed according to the 
procedure of Sendecor and Cochran (1980), while the means of the studied treatments were compared 
using L.S.D test at 0.05 of probability. 
 
Results and Discussion 
 
Growth characteristics 
 

The data presented in Table (1) shows the effect of different lead concentrations on growth 
characteristics of Tagetes erecta L. plant, i.e. plant height, number of branches / plant, herbage fresh 
and dry weight, flowers numbers and flowers dry weight /plant. The results revealed significant 
decreases in all studied growth parameters and there were gradually decreasing with increasing Pb 
concentration. However number of branches/plant showed significant depression at the higher lead 
concentration only (80ppm) as compared with the control and other lead concentrations. On the other 
hand, relatively lower Pb concentration was less harmful of plant height and number of branches/plant. 
Pb at 20 ppm caused slight reduction in previous characters as compared to the control. The depressing 
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effect of Pb on previous studied of growth characteristics was more sever at the highest Pb concentration 
(80ppm) which caused significantly decreased on growth parameters and the relatively decreases were 
as follows, 22.8%, 36.0%, 23.57%, 44.14%, 52.26% and 54.84% for plant height, number of branches 
/ plant, herbage fresh and dry weight, flowers numbers and flowers dry weight /plant, respectively as 
compared with the control. On the hand, relatively lower lead concentration was less harmful of studied 
plant growth parameters, especially 20ppm, which caused slight reduction in previous characters as 
compared to the control plant. The above mentioned results are in accordance with those found by 
Shahid et al. (2017) on Tagetes erecta L., Sheng et al., (2005) on rice in which Pb significantly reduced 
root and shoot length and there were decreasing with increasing of Pb concentration. Also, the same 
findings were reported on the negatively effects on the fresh and dry weight of shoots and roots with 
increasing Pb application in Spinacea oleracea by Kibria et al. (2010). This conclusion is confirmed by 
Pandiasand Pandias (2002) and Azza (2006), who indicated that inhibitory effect of Pb may be due to 
this interaction with other elements and environmental factors. Lead had toxic effects on several 
physiological processes such as photosynthesis, mitosis and water absorption. Also subcellular effects 
of Pb on plant tissues are related to the inhibition of respiration through disturbance of electron transfer. 
Lead is strongly bound to cell walls, resulting in an increase in tissue wall turgidity. Also, Persin (1988) 
mentioned that the effect of Pb on some enzymes involved in the metabolism of N in plant, the marked 
decrease of N concentration may be one of the reasons that cause reduction of the weight of biomass. 
Similar trend was observed by Abbass (2002), Azza (2002 and 2005); Hashish et al. 2016) and Kuntal 
et al. (2017). 

 
Table 1: Effect of different concentrations of lead on growth characters of Tagetes erecta L. 

Dry weight of 
flowers 

(g) 

Flowers 
numbers 

/plant 

Dry 
weight of 
herbage 

(g) 

Fresh weight 
of herbage 

(g) 

Number 
of 

branches 
/plant 

Plant height 
(cm) 

Characters 
 
 
Treatments                 

6.2 15.5 14.5 80.2 5.0 52.2 Control                         
4.8 13.5 12.7 76.2 4.8 50.1 Pb  20 ppm                 
3.2 10.1 9.8 70.1 4.3 44.2 Pb  40 ppm              
2.8 7.4 8.1 61.3 3.2 40.3 Pb  80 ppm                
0.7 1.8 1.4 2.1 0.8 1.3 L.S.D. 5%                      

 
Plants under lead stress revealed delay in flowering as flower formation is related to 

environmental conditions Tooke et al, (2005). Lead inhibited flowering which can be attributed to 
initiation of disruption in biological processes due to lead (Van Assce and Clijsters, 1990). Higher lead 
concentrations that accumulated in the different plant parts induce toxic effect. Accordingly, internal 
metal concentrations in the plants were correlated to toxic effects (Gothberg et al., 2004). 
 
Chemical composition: 
 
Carbohydrates content (%D.W.): 
 

The results in Table (2) cleared that, lead had a remarked negative effects on herbage 
carbohydrates content. Untreated plants contained the maximum carbohydrates content which reached 
(30.5%) then decreased progressively in response to the increase in Pb concentration. All Pb treatments 
reduced carbohydrates content and slightly decrease was resulted with 20ppm treatment compared with 
the control. Moreover the reduction was greater at highest Pb addition (80ppm), which recoded 16.2 % 
carbohydrate with relative reduction reached to 46.9% compared with control treatment. The relatively 
decreases as compared with the control were as follows, 7.9%, 33.4% and 46.9% due to 20, 40 and 
80ppm Pb concentrations, respectively. This may be due to heavy metal toxicity and accumulation of 
Pb content. 
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Essential oil %: 
 

Data in Table (2) shows the effect of some lead levels addition (20, 40 and 80ppm) on the herbage 
essential oil content of Tagetes erecta L. The data indicated that the highest content of essential oil 
(0.37 %) was recorded from control plants. Low Pb concentration (20 ppm) slightly reduced the 
essential oil content, giving (0.35%). On the other hand, the highest reduction of essential oil content 
was observed by the maximum Pb level applied (80 ppm) where recorded 0.21%. The relative decreases 
of essential oil content due to Pb applied levels (20, 40 and 80ppm)as compared with the control were 
as follows, 5.41, 24.32 and 43.24%, respectively. 

 
 Table 2: Effect of different concentrations of lead on total carbohydrates and essential oils percentage 

of Tagetes erecta L. 

Essential oil  % Carbohydrates% 
                                               Characters 
Treatments                  

0.37 30.5 Control                          
o.35 28.1 Pb  20ppm                  
o.28 20.3 Pb  40 ppm               
0.21 16.2 Pb  80 ppm                 

 
Enzymes content: 
 

Catalase, peroxidase and superoxidase enzymes content of Tagates erecta L. plant, as affected 
by the different lead concentrations applied are showed in Table (3). All concentrations of lead 
increased the abovementioned enzymes content and the content was gradually increased by increasing 
lead concentrations .The relatively increments by lead 20, 40, and 80ppm concentrations were as 
follows (47.64, 55.66 and 83.02 %) for catalase enzyme content and 4.36, 18.88 and 41.70 for 
peroxidase content as well as 5.99, 28.43 and 52.87 for superoxidase content, respectively compared 
with the control. The data were obviously revealed that catalase enzyme content was recorded the 
highest values of relative increases (47.64, 55.66 and 83.02%) due to the different Pb concentrations 
applied (20, 40 and 80ppm) compared with peroxidase and superoxidase enzymes content. The results 
in the same Table obviousley showed that the peroxidase and superoxidase enzymes content were 
slightly increased by 20ppm Pb applied, while the highest values of all studied enzyme content were 
attained by 80ppm of Pb applied. Our results are in accordance with the finding of the report in which 
Pb stress negatively affected the growth characters with increasing Pb concentration. 
 
Table 3: Effect of different concentrations of lead on Catalase, Peroxidase and superoxidase content 

of Tagetes erecta L.  

Superoxidase 
  mmoLg-1F.W. 

Peroxidase  
 mmoLg-1F.W. 

Catalase    
mmoLg-1F.W. 

 

 Characters 
 
Treatments                 

40.1 48.2 212 Control                          
42.5 50.3 313 Pb  20ppm                  
51.5 57.3 330 Pb  40 ppm               
61.3 68.3 388 Pb  80 ppm                 

 
Mineral content: 
 

The data in Table (4) clearly revealed positive influence of Pb concentrations applied on herbage 
and root content from N, P, K and Pb content of Tagetes erecta L. plants as compared with the untreated 
plants. There were progressive increases in those mineral elements content of both root and herbage 
with increasing Pb concentration applied from 20 to 80ppm. The relatively increments of herbage N, P, 
K and Pb content due to different Pb applied levels (20, 40, and 80ppm) compared with the control were 
as follows, 17.79, 29.20 and 29.97% for N content, 35.16, 90.66 and 92.86% for P content, 21.22, 42.45 
and 43.21% for K content and 86.58, 154.15 and 168.03 for Pb content. The results showed that the 
highest values of herbage N, P, K and Pb accumulation content were resulted from the highest level of 
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Pb applied (80ppm)as compared with the control and other levels of Pb applied (20 and 40ppm). 
Moreover, the data clearly indicated that herbage Pb content recorded the highest relative increases with 
Pb concentrations levels applied (86.58, 154.15 and 168.03% as compared with the relative increases 
of herbage N,P and K content due to 20, 40 and 80ppm treatments, respectively. In concern of root N, 
P, K and Pb content the obtained results in Table (4) indicated that Pb applied levels caused slight 
increases in root N and K content than herbage as compared with the control. Root N and P content 
recorded lower accumulation than that of herbage; on the contrary Pb accumulation in root was higher 
than in herbage. The differences in mineral content in root and herbage might be due to their solubility, 
the interaction between them in uptake, mobilization and utilization. The obtained results are 
corroborating with that reported by Kaur (2016) of higher accumulation of Pb in roots compared to 
shoots in Trigonellafoenum-graecum L. and Kuntal et al. (2017) in Tagetes erecta L. plants.        
 
 Table 4: Effect of different concentrations of lead on nutrient content of Tagetes erecta L.  

Characters 
 
Treatments 

N 
 ( %) 

P 
(%) 

K 
(%) 

Pb 
(ppm) 

Herbage Root Herbage Root Herbage Root Herbage Root 
Control 1.832 0.49 0.182 0.134 0.523 0.611 19.52 28.3 
Pb 20ppm 2.158 0.51 0.246 0.148 0.634 0.652 36.42 53.8 
Pb 40ppm 2.367 0.49 0.347 0.233 0.745 0.734 49.61 62.3 
Pb80ppm 2.381 0.49 0.351 0.242 0.749 0.752 52.32 66.8 
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