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Abstract

Toleration of germination and embryonic growth stage to heavy elements is as a key of plant establishment under
limited conditions. In this study effects of two heavy metals, cadmium and copper sulfate and their interplays were
evaluated on germination and growth of A. elongatum. Therefore A. elongatum seeds after disinfectant, placed on
watman paper and influenced by cadmium (10, 20 and 30 mg L") and copper sulfate (10, 20 and 30 mg L™).
Distilled water was used as control treatment. Each treatment had 4 replications and there were 25 seeds for each
replication. Germination of seeds was evaluated everyday and growth index was determined by measuring of root
length, shoot length, seedling length and seed vigurity index. Results indicated that there weren’t significant
differences among the treatment of germination percentage and speed but length of roots, length of shoots, length
of seedling and vigurity index reduced significantly by application of these heavy metals. Root length reduced
from 6.2 cm in the control to 2.4 cm at 30 mg L™ Cd solution but it reduced from 6.3 cm in the control to 4.1 cm at
30 mg L' Cu solution. Shoot length was reduced from 9.2 cm in the control to 4.6cm at 30 mg L™ Cd solution and
reduced from 9.4cm in control to 5.6 cm at 30 mg/L Cu solution.
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1. Introduction

Presence of heavy elements in soil is one of the most important environmental stresses that can reduce growth
reduction. Elements are in the crust of earth in various amounts naturally. Presence of heavy elements can cause
different negative effects in plants such as growth reduction, reduction of chlorophyll contents and photosynthesis,
limitation of enzymes activities, damage to biotic molecules included lipids, proteins and nucleic acids spatially
DNA (Chaoui and Ferjani, 2005; Mishra et al., 2006). Cadmium is one of the toxic elements for organism. This
element enters to environment mainly through industrial process and phosphorous fertilizers and then goes to the
nutrient cycle. Cadmium in polluted soils in the form of free ions or ions can be solve easily (Hardiman and Jakoby,
1984). Different studies on different plants show that cadmium can absorb by roots easily (Blinda et al., 1997).
This element is toxic for plant intervenes in many of cell actions by formation of complicated complex with lateral
groups of organic compositions such as proteins and as a result prevents of necessary activities of cell. Also it
stimulates genetic and biochemical changes that are general reaction of plant against cadmium stress (Metwally et
al., 2003). Cadmium has special importance among heavy elements because it absorbs easily by root system of
plant and its toxicity for plant is 2-20 times more than other heavy elements. For most plants if cadmium
concentrations are 20-30 mg gr’' Cu in dry matter it can cause poisoning of plant that can stop root growth, reduce
tillering in beans. Dark green color is one of the significant symptoms of this element (Marschner, 1958). Peralta et
al. (2000) showed that Medicago sativa plant can growth in some heavy component of soil. They investigated
effect of elements included Manganese, Nichol, Copper, Crum and Cadmium on growth and survival of Medicago
plant. They concluded that seed germination and plants growth affected by chromium and Cadmium at 10 ppm
concentration which was significant but Manganese hadn't effect on them. Jeliazkova et al. (2003) investigated
effect of heavy metals component (Cu and Mn), (Cu and Pb), (Cd and Mn), (Cd and Pb) and (Cu and Cd) on
growth and germination of Pimpinella anisum, Carum carvi and Foeniculum vulgare species. Results showed that
primary growth of root was affected by heavy elements more than germination. Mahmood et al. (2005)
investigated effects of different levels of copper and zinc on germination and growth of Zea mays embryo. Any of
treatments wasn't affected on seed germination while primary growth was confined. They indicated that toxicity
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symptoms in embryos was increased in presence of both elements (Cusos and Znso,) and amount of toxicity
related to Znso, was more than Cuso4. Shaukat et al. (1999) also investigated effect of cadimium, chromium and
lead on seed germination, early seedling growth and phenol contents of parkinsonia aculeate and pennisetum
americanum. Their results indicated that final germination percentage was greatly reduced by cadmium, chlorine
and lead salts in both the test species at the concentration of 50 ppm or more.

A. elongatum is one of the most important species in recovering and developing of rangeland which is especially
tolerant to saline soils. It is adapted to irrigated or subirrigated saline soils and to imperfectly-drained, alkali soils.
It prefers soils with a high water table. Germination and seedling growth are the key events for the establishment of
plants under any prevailing environment. This research was conducted to study effects of cadmium and copper
sulfate on germination and seedling growth of A. elongatum seeds.

2. Materials and methods

The seeds of this plant were collected from Taleghan rangelands. The experiment was undertaken for one month
from 2009/6/25 to 2009/7/25, at the faculty of natural resources, Tehran University. At first large and healthy seeds
was separated from wrinkled and infertile seeds and disinfected by hypochloride (5 %) and then washed with
distilled water 3 times. All devices such as petery dishes and filter papers were sterilized in autoclave. This
research was carried out using completely randomized design in 4 replications. After providing petery dishes, 25
seeds were placed at each petery dishes and different treatment were prepared included: distilled water as control
treatment, Cuso, and Cdcls as Cu and Cd elements. And these concentrations were prepared according to mg L™
(10, 20 and 30) cu and (10, 20 and 30) cd. Then they were placed at growth cabin with 23° temperature and after
seeds plantation, numbers of germinated seeds were numbered daily at each experiment unit to determine
germination speed. Germination percentage and speed, length of roots, length of shoots, and length of plant and
vigority index were measured after proper growth of embryos (8 days). Germination percentage, germination
speed (Maguirw, 1962), vigority index (Balestrasse et al., 2001) and plant length was calculated based on the
following relations:

(1) germination percentage ;p _ 2. 9 100

GP: germination percentage, G: number of germinated seeds, N: number of seeds
n S
R - ;
2D,

Si: number of germinated seed at each counting, D;: number of day until n counting, n: numbers of counting

(2) germination speed G

(3) vigority index = total germination percentage x plant length
(4) plant length = root length + shoot length

Obtained data was analyzed using SPSS software. Significant differences related to treatment were compared
using Duncan test after performing variance analysis.

3. Results

Results of variance analysis the effects of cadmium chloride and copper sulfate on A. elongatum on properties
included germination percentage, germination speed, length of root, length of shoot, length of embryo and vigority
index were reported in table 1and 2. There were significant differences in some properties which include length of
root, length of shoot, length of embryo and vigority index under the Cd and Cu stress. Results also indicated that
there was significant differences among germination percentage under Cu stress.

Results showed that germination percentage of 4. elongatum was reduced when Cd and Cuso4 concentrations
increased. Maximum of germination percentage (95%) was related to control treatment and minimum amount of it
(85.5%) was related to Cu (30 mg L) (Figure 1).

Comparing of germination speed means were reported at Figure 2. There weren't significant differences among
different levels of cadmium and copper sulfate with control treatment.

Length of root was reduced when cadmium and copper sulfate concentrations increased. Mean comparison
showed that maximum of root length (6.4 cm) was related to control treatment and minimum of it (2.5 cm) was
related to Cd treatment (30 mg L) (Figure 3).

Duncan’s test determined 3 groups on shoot length. Minimum of shoot length (4.7 cm) was related to Cd and
maximum of it (9.3cm) was related to control treatment (Figure 4).
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Length of plant was reduced with accelerating of cadmium and copper sulfate concentrations. Maximum of plant
length (15.9 cm) was related to control treatment and minimum of it (7.1 cm) was related Cd treatment (30 mg L™
(Figure 5).

Vigority index was affected by Cd and Cuso4 and was reduced when concentrations of these two elements was
increased. Maximum of vigority index was related to control treatment and minimum of it was related to 30 mg L™
treatment of each two heavy elements (Figure 6).

4. Discussion

Toleration of germination and embryonic growth stage to heavy elements is as a key of plant establishment under
limited conditions. Reaction to environmental stress in plants is an undeniable and complicated phenomenon.
Obtained results from this research showed that various concentrations of cadmium and copper sulfate can reduce
germination and growth of A. elongatum embryos and stop growth so that high concentrations of cadmium
treatment could stop growth and even cause death of roots. These results are coincidence to the results of Drazic¢ et
al. (2006) that reported Cd decreased root and shoot of alfalfa seedling and to the results of Li et al. (2005). Growth
reduction under Cd toxicity conditions was also observed for several species tested, including Cucumus sativus
(Abu-Muriefah, 2008), Lemna polyrrhiza (John et al., 2008) and Glycyrrhiza uralensis (Zheng et al., 2010).
However Cd decreased the germination speed and percentage but it doesn’t have any significant effect on them.
Decrease of germination percentage at 20 and 30 mg L' Cd level was much more than that of 10 mg L™ Cd level.
These results are contradictory to the results of Jeliazkova and Craker (2003) that reported Cd at 6 mg L
stimulated seed germination and root growth of caraway by approximately 20 percent as compared with the control.
These differences may be because of different sensibility of plant species to toxic levels of heavy metals.
Malekzadeh et al. (2007) reported that Cd decreased root length of Zea mays but it doesn’t have any effect on shoot
length of Zea mays. Cd had significant effect on both shoot and root length which this is Contradictory to the result
of shoot length of Zea mays reported by Malekzadeh et al. (2007). Comparing of different mean gradient of studied
properties showed that various concentrations of Cd have maximum negative effect on length of embryos.
Increasing of heavy element in root environment can cause reduction of absorption of water and nutrients,
reduction of water transpiration and disturbance in water balance, prevention of enzymes activities, reduction of
cell metabolism, reduction of photosynthesis, evaporation and transpiration, nitrogen and phosphor shortage and
stopping of growth, accelerating of maturity and even death of plant (Peralta et al., 2000; Cheng and Huang, 2006).
Also absorption of high amount of Cd in plant can reduce and stop root growth and cause corky structure and
reduce electrical conductivity of water in roots, reduction of necessary nutrient absorption such as K, Mg and Fe
(Gussarsson et al., 1996).

Results also indicated that Cu doesn’t have significant effect on germination speed but it had significant effect on
germination percentage. High concentration of copper sulfate has maximum effect on germination percentage.
Mahmood et al. (2007) found that among the metals (include: Zn, Pb, Mg and Na), Cu had the most adverse effects
on seed germination of Hordeum vulgare L., Oryza sativa L. and Triticum aestivum L. Comparing to control,
germination percentage doesn’t have significant differences at 10 mg L™ but it decreased significantly at 20 mg L™
Cu level. Street et al. (2007) reported that Copper at 1 mg L™ significantly (p < 0.05) reduced the percentage
germination of Eucomis autumnalis. Cu also reduced the root and shoot length of seedlings similar to what
reported by Street et al. (2007) about decreasing effect of Cu on root length of Bowiea volubilis, Eucomis
autumnalis and Merwilla natalensis and by Chaffai et al. (2006). Adverse effects of Cu on roots are related to
severe reduction in the elongation growth of the longest root as well as root plasma membrane permeability of the
seedlings (Nriagu and Pacyna, 1988; McBride, 2001; Chaffai et al., 2006). Hall and Williams (2003) reported that
the toxic effects of Cu often affected mitotic activity and cell division of roots.

5. Conclusion

In generally results of this research showed that different levels of copper sulfate and cadmium can cause negative
effects on different growth aspects of A. elongatum and these effects are clearly visible. These results can
important to understanding of cadmium and copper sulfate mechanisms and founding solutions to prevent of
infiltration of these elements to valuable rangeland plants.
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Table 1. variance analysis of effect of cadmium on studied properties of A. elongatum

properties ss df ms f
Germination percentage 16 3 5.3 0.5™
Germination speed 11.1 3 3.7 15.6™
Root length 32.6 3 10.8 253"
Shoot length 52.5 3 17.5 63.2"
Plant length 167.1 3 55.7 80.6"
Seed vigority 1564913 3 251637 704"

**Significant difference between treatments at 1% levels, ns: non significant

Table 2. variance analysis of effect of copper sulfate on studied properties of 4. elongatum

properties ss df ms f
Germination percentage 229.6 3 76.5 10.8™
Germination speed 8.6 3 2.8 2.1%
Root length 12.1 3 4 254"
Shoot length 36.6 3 12.2 63.2"
Plant length 77.3 3 25.7 517
Seed vigority 954669 3 318283 59.7"

**Significant difference between treatments at 1% levels, ns: non significant
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Figure 1. comparing effects of cadmium chloride (a) and copper sulfate (b) on germination percentage of A4.

elongatum
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Figure 2. comparing effects of cadmium chloride (a) and copper sulfate (b) on germination speed of 4. elongatum
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Figure 3. comparing effects of cadmium chloride (a) and copper sulfate (b) on Root length of 4. elongatum
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Figure 4. comparing effects of cadmium chloride (a) and copper sulfate (b) on Shoot length of 4. elongatum
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Figure 5. comparing effects of cadmium chloride (a) and copper sulfate (b) on Plant length of 4. elongatum
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Figure 6. comparing effects of cadmium chloride (a) and copper sulfate (b) on Seed vigority of 4. elongatum
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