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Abstract: This investigation was carried out at Experimental area of National Research Centre,
Dokki, Giza, during the two successive seasons of 2012 and 2013. The objective of this study is
to investigate the effect of cadmium concentrations on vegetative growth, flowering and
chemical constituents of Tagets erecta L. plants. Results indicated that cadmium concentrations
at 80 ppm decreased all vegetative growth and flowering parameters (plant height, branches
number /plant, fresh and dry weight of herbage, flowers number /plant and dry weight of
flowers) compared with the control plants. In this respect, cadmium at 20 and 40 ppm slightly
increased carbohydrates percentage and didn't affect essential oil percentage. Catalase and
peroxidase enzymes increased by increasing cadmium concentrations, but decreased
superoxidase enzymes. Additionally, all macroelements (nitrogen, phosphorus and potassium
percentage) in roots and herbage decreased by increasing cadmium concentrations. The same
results were obtained by cadmium concentrations on microelements content (manganese, iron,
zinc and copper). On the contrary, cadmium content increased by increasing cadmium
concentrations. This study recommends that Tagetes erecta L. plants can tolerate cadmium
concentrations up to 40 ppm.
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Introduction

Tagetes erecta L. plant belongs to the family composite (Asterceae) commonly known as Marigold, it
is one of the most important ornamental plants and its importance comes from its use in landscaping and as cut
flowers'. Its flowers are used in several industries such as processed food, confectionary drugs and
pharmaceuticals and also in poultry” Tagetes erecta's oil is also used in insecticidal and antifungal activities®,
the plant as a whole is used medicine as it is very useful in treating skin diseases and burning sensations where
its flowers with some oil are applied on the infected area.

Heavy metals exist as rare elements in the soil. Only certain metals are usually present in high
concentrations in forms that are not easily available. As a result of human activity, the release of heavy metals
in biological forms can damage or change the natural and even the synthetic (man-made) ecosystems. Heavy
metals' chemical forms in soil solutions depend mostly on the metal element concerned, on pH of the soil and
on the presence of other ions, etc. Heavy metal ions exert a lot of toxic action on the enzymes. Enzymes
inhibiting may have been caused by the process of making groups of catalytically active protein denaturation,
some of the common features of pollution of soil by heavy metals are soil respiration and impeded litter
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decomposition. Additionally, the toxic effect of heavy metals on the mitochondria in the soil and extracellular
soil enzymes was also revealed in a number id other studies®.

Cadmium (Cd) is a metal contaminant that causes great concern in the environmental agricultural
system® Cadmium accumulation may result in a number of physiological, biochemical structural changes® as it
changes the uptake of nutrients, causes stomatal opening inhibition by interacting with water balance of the
plant, it disturbs the calvin cycle enzymes, the photosynthesis process, carbohydrates and antioxidants
metabolism processes as well as lower the productivity of the plant®.

This work is to investigate the effect of cadmium on the growth and chemical constituents of Tagetes
erecta L. plant and feasibility of using this element to improve plant's quality.

Materials and Method

A pot experimental trails were carried out during the two successive seasons of (2012 and 2013) at the
screen of National Research Centre, Cairo, Egypt .It was intended to study the effect of cadmium 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 Agricultural Egypt. The seeds were grown on pots filled
with sandy soil in March for both seasons. The investigated soil characterized by sand 78.33 %, silt 4.43%, clay
17.24% with pH 7.81, EC 2.18 dS/m. CaCO; 2.25% OM 0.55%, Ca 11.61, Mg 4.80, Na 4.64, Cl 1.80, HCO
1.40, SO 8.5 meg/L, N 19.60, P 65.80, K 165.64 meq/100g.

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 five per pot, after a week of germination. Each treatment including
the control was replicated five times. Cadmium as cadmium nitrate Cd (NO3), was used after dissolving to
prepare to determined concentration using distilled water and added as surface and repeated twice every week
till the end of the season. Concentrations used were as follows: Control, Cd 20ppm, Cd 40 ppm and Cd 80 ppm.
The pots were arranged in a randomized complete blocks design, with 4 treatments (control plus three cadmium
treatments) replicated three times, which each replicate (block ) consisting of 5 plants / treatment. All plants
were supplied with commercially fertilizer kristalon (NPK, 19:19:19) produced by Phayzen Company, Holland.
It used at 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 herbage/plant, No. of flowers
and dry weight of flowers/plant.

Chemical Analysis: Carbohydrate was extracted from drying finely ground leaves (Powdered) at
flowering stage according to” and estimated the total carbohydrate calorimetrically by the phenol sulphoric acid
method®. 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®. The recorded data (means of the two
growing seasons) were statistically analyzed according to the procedure of'°, while the means of the studied
treatments were compared using L.S.D test at 0.05 of probability.

Macro and micro elements were determined in dried herbage and roots at flowering stage according to
the official and modified methods of analysis'.Cadmium percentage was determined using the Atomic
Absorption  Spectrophotomter ~ Zeiss FMD; according to'. Catalase activity was measured
spectrophotometrically according to*®.Peroxidase and Superoxidase activity was measured as a biochemical

marker according to'*. The physical and chemical properties of the tested soil were determined according to™.
Results and Discussion

Vegetative growth:

The growth parameters as affected by cadmium treatments are shown in Table (1). The lowest values of
plant height, number of branches/plants, fresh and dry weight of herbage, number of flowers /plant and dry
weight of flowers were obtained from the plants treated with the highest concentration of cadmium (80ppm),
while the highest values occurred by treated with 20ppm cadmium. Numerically, plant height, number of
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branches/plant, fresh and dry weight of herbage, number of flowers/plant and dry weight of flowers were
decreased by (15.74, 18.0,10.97, 26.76, 29.66 and 40.38 %) as a results of treated with cadmium having the
concentration of 80 ppm in comparison with untreated plants. On the other hand, application plants with 20
ppm cadmium promoted all growth parameters compared with control plants. The averages were (1.2%) in
plant height, (22.0%) in number of branches/plant, (0.37 %) in fresh weight of herbage, (2.11%) in dry weight
of herbage and (3.85%) in flowers dry weight in the plant treated with cadmium at concentration of 20ppm
compared with control plants.

Table 1 : Effect of different concentrations of cadmium on plant height, number of branches/plant, fresh
and dry weight of herb, number of flowers and dry weight of flowers (gm) /plants of Tagetes erecta L. plant

haracter | Plant Number of | Fresh weight of | Dry weight | Number of Dry weight of
height(cm) | branches herb (g) of herb (g) | flowers flowers (9)

Treatment

Control 50.2 5.0 80.2 14.2 14.5 5.2
Cd 20 ppm 50.8 6.1 80.5 14.5 14.5 5.4
Cd 40 ppm 50.0 6.0 78.1 13.2 13.7 5.0
Cd 80 ppm 42.3 4.1 714 10.4 10.2 3.1
LSDat5% |1.3 0.8 2.1 1.4 1.8 0.7

The most common effect of Cd toxicity in plants is stunted growth, leaf chlorosis and alteration in the
activity of many key enzymes of various metabolic pathways™. In our study, varied concentrations of Cd
affected fresh weight of Tagetes erecta L The reduction in the growth in Tagetes erecta L could also be
attributed to the suppression of the elongation growth rate of cells, because of an irreversible inhibition
performed by Cd on the proton pump responsible for the process'’. Parameters such as fresh weight of herbage
as well as number of flowers/plant were used as useful indicators of metal toxicity in plants.

Total carbohydrates content:

The results obtained in Table (2) showed that total carbohydrates percentage slightly increased by Cd at
20 and 40 as a compared to the control plants .The increments were (3.17 and 3.17%) by Cd at 20 and 40 ppm
respectively. Whereas, Cd at 80ppm reduced total carbohydrates percentage, the decrease was (21.13%)
compared with untreated plants.

Low starch export from the mesophyll and higher starch accumulation in damaged leaves of tagests
erecta L. may result both in the higher resistance of their photosynthetic apparatus and low starch export from
the mesophyll. The negative effect of heavy metals on carbon metabolism is a result of their possible interaction
with the reactive centre of ribulosebis phosphate carboxylase™.

Essential oil content:

From the given data in Table (2) it could be concluded that essential oil percentage not affected by Cd
at 20 and 40 ppm compared with the control plants .While Cd at the high concentration (80 ppm.) decreased
essential oil percentage as compared with the other treatments. The decrease of the essential oil percentage was
(37.14%) compared with the control plants.

Enzymes content:

Catalese enzymes content of Tagetes erecta L. plant, as affected by the different cadmium
concentrations are revealed in Table (2). Catalase enzyme content was increased by increasing cadmium
concentrations, the increments were (0.56, 2.51 and 3.35%) by cadmium at 20, 40 and 80 ppm, respectively
compared with the untreated plants.
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Table 2: Effect of different concentrations of cadmium on the percentage of carbohydrates, essential oil,
and catalase, peroxidase, superoxidase enzymes of Tagetes erecta L. plant

Treatment Carbohydrates % | Essential oil % | Catalase Peroxidase Superoxidase
Control 28.4 0.35 358 60.3 48.2

Cd 20ppm 29.3 0.35 360 60.4 25.4
Cd40ppm 29.3 0.35 367 67.2 27.2
Cd80ppm 22.4 0.22 370 73.4 29.3

L.S.D. at 5% 2.3 0.04

In the same Table similar result was obtained by cadmium concentrations on peroxidase enzyme. All
concentrations of cadmium increased peroxidase enzyme content; the content was gradually increased by
increasing cadmium concentrations. The increment by cadmium 20, 40 and 80 ppm were (0.17, 11.44 and 21.72
ppm) respectively, compared with the control.

The results in the same table indicated that the superoxidase content was affected in response to the
different cadmium concentrations. It is obvious from the data that the superoxidase content was markedly
decreases when the plants were treated with the following concentrations: 20 ppm Cd gave (47.3 %), 40 ppm
Cd gave (43.57 %) and 80 ppm Cd gave (39.21%) as compared with untreated plants which gave the highest
superoxidase content. These findings are in accordance with those obtained by*®?°. Their findings indicated that
these defensive systems consist of metabolites like tocopherol, glutathione, ascorbate, etc. and activated oxygen
enzymatic scavengers for example catalases, peroxidasese and superoxidase dismutases.

Nutrient contents:

The results obtained in Table (3) showed that cadmium concentrations decreased all macroelements in
roots and herbage of Tagetes erecta L. plants .Plants treated with cadmium at 20,40 and 80 ppm decreased
nitrogen percentage in roots compared with the control , The reductions were (7.34,20.24 and 32,94 %)
respectively ,as compared with the untreated plants. The same results were observed in herbage, nitrogen%
decreased by increasing cadmium concentrations. The reductions were (4.70,10.18 and 21.14) for (20,40 and80
ppm cd) respectively compared with the control plants. The reduction in nitrogen content under cadmium
concentrations agrees with the results of # they showed that heavy metals have caused disturbance in the
nitrogen metabolism process.

Additionally, It is obvious from the data that phosphorus percentage was markedly decreased in roots
when the plants were treated with the following concentrations of cadmium 20 ppm giving(4.1%) 40ppm(3.8%)
and 80ppm giving (2,4%). The untreated plants gave the highest percentage of phosphorus (4.5%).Cadmium
concentrations had the same effect on herbage .It is clear from the data of phosphorus percentage on herbage
was decreased when plants were treated with cadmium at 20ppm gave (6.3%) ,40ppm gave (6.0%) and 80ppm
gave (5.2%) compared with the control plants gave (7.4%). The inhibition of mobilization of phosphorus from
soil to root system probably led to the decrease in phosphorus content?. This is in comparable with results of
Zin barley and **in rye grass.

Regarding the effect of cadmium concentrations on potassium percentage of Marigold plants, the
response of potassium percentage to cadmium concentrations had almost the same trend as nitrogen and
phosphorus percentage in roots and herbage. Potassium percentage gradually decreased by increasing cadmium
concentrations as compared with the untreated plants .The reductions of potassium percentage in roots and
herbage were (16.05 and 16.85 %) for 20 ppm Cd (25.51and 24.31 %) for 40 ppm Cd and (50.21 and 44.20%)
respectively compared with the control. These results are in consonance with finding of % %
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Table 3: Effect of different concentrations of Cadmium on the percentage of nitrogen, phosphorous, and
potassium in the root and shoot of Tagetes erecta L. plant

Treatment Root Herbage
Nitrogen% | Phosphorus% | Potassium% | Nitrogen% | Phosphorus%o | Potassium%b
Control 5.04 0.45 2.43 8.94 0.74 3.62
Cd 20ppm 4.67 0.41 2.04 8.52 0.63 3.01
Cd 40 ppm 4.02 0.38 1.81 8.03 0.60 2.74
Cd 80 ppm 3.38 0.24 1.21 7.05 0.52 2.02

Concerning the effect of cadmium concentrations on microelements of roots and herbage, the data in
Tables (4 and 5) indicated that manganese content was decreased in plants treated with any cadmium
concentrations. The plants treated with 20ppm followed by 40ppm and 80ppm produced (57.3 and 70.5ppm),
(51.3 anc217 62587.8ppm) and (44.1 and 57.3ppm) in roots and herbage, respectively. The result in harmony with
those of " ",

Data on iron content of marigold plants as affected by different concentrations of cadmium. The plants
treated by adding 20 ppm cd gave (285 and 301 ppm), followed by 40 ppm Cd gave (280 and 289 ppm) and 80
Cd ppm (270 and 270 ppm) in roots and herbage respectively .Generally, iron content decreased by increasing
cadmium concentrations .The untreated plants gave the highest value of iron content (290 and 305 ppm) in roots
and herbage, respectively. This effect was previously revealed by? *°

Table 4: Effect of different concentrations of cadmium on the content of manganese, iron, zinc, copper
and cadmium in the root of Tagetes erecta L. plant

Treatment Root
Mn ppm Fe ppm Zn ppm Cu ppm Cd ppm
Control 60.0 290 43.5 18.3 0.81
Cd 20ppm 57.3 285 32.3 15.2 0.87
Cd 40 ppm 51.3 280 28.7 14.4 0.90
Cd 80 ppm 44.1 270 22.8 10.0 0.93

Table 5: Effect of different concentrations of cadmium on the content of manganese, iron, zinc, copper
and cadmium in the herbage of Tagetes erecta L. plant.

Treatment Herbage
Mn ppm Fe ppm Zn ppm Cu ppm Cd ppm
Control 80.4 305 50.0 31.3 0.58
Cd 20ppm 70.5 301 48.0 29.4 0.63
Cd 40 ppm 67.8 289 44.0 25.2 0.66
Cd 80 ppm 57.3 270 36.0 20.1 0.78

Regarding the effect of cadmium concentrations on zinc content of roots and herbage, the data in Tables
(4 and 5) indicated that, zinc content of roots and herbage was decreased in plants treated with any
concentration of cadmium. The plants treated with 20 ppm followed by 40 ppm and 80 ppm resulted in (32.3
and 48.0 ppm), (28.7 and 44.0 ppm ) and (22.8 and 36.0 ppm) in roots and herbage, respectively. The highest
value of zinc content was obtained by untreated plants (43.5 and 50.0 ppm) in roots and herbage, respectively

.These results were confirmed with those obtained by*"%,

The same trend was obtained by cadmium concentrations on copper content of marigold roots and
herbage plants .The response of copper content of roots and herbage to cadmium concentrations revealed a
negative effect on copper content, where using 20 ppm ,40 ppm and 80 ppm Cd were producing (15.2 and 29.4
ppm ), (14.4 and 25.2 ppm) and (10.0 and 20.1 ppm) copper content in roots and herbage, respectively .
Similar results were obtained by several others such as**%.

On the other hand, the adverse effect was obtained by cadmium concentrations on cadmium content in
roots and herbage of marigold plants.Cadmium content gradually increased by increasing cadmium
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concentrations. The average cadmium content ranged between (0.81 and 0.93 ppm) in roots and (0.58 and 0.78

ppm) in herbage. Similar trend was obtained by

33,34,35
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