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ABSTRACT

Heavy metal pollution is a major environmental stress that can affect plant growth. The toxic effects of
nickel on germination and growth coriander (Coriandrum Sativum) and Milk thistle (Silybum Marianum)
seedling were investigated for 8 days. The results of analysis of variance and mean comparison showed
that with treatment of 3000 mg/l Ni to control, percentage and rate of germination were reduced
significantly by 80% after 8 days. Growth rate was measured on the last day with the measurement of
radicle and plumule length. Growth of the seedling parts, especially radicle, was greatly reduced for
concentrations above 1000 mg/l NiNOj3. Also, the effect of Ni treatments on the seedling length and seed
vigor of coriander and Milk thistle was statistically significant at the 5% level. Different concentrations of
nickel nitrate caused a more significant decrease in growth parameters of the Milk thistle specie than the
coriander plant specie.
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INTRODUCTION

One of the major challenges in the environment is gradually increase in the concentration of heavy metals
in soils that can lead to reduce growth and production of reactive oxygen species. Heavy metals are one
group of elements with a density greater than 5 grams per cubic centimeter, and they are one the most
important environmental contaminants that are increasing (Benavides et al., 2005; Sanita and Gabbrielli,
1999). This type of pollution is mainly caused by industrial activities such as metal mining, metal
refining, metallurgy, fuel, use of fertilizer and pesticide, and recycling of waste (Kabata-Pendias and
Pendias, 2001). When heavy metals absorb by plants and accumulate in tissues, then they cause toxicity
in two ways: 1) indirectly through competition with other essential nutrients and degradation enzymes and
pigments. 2) directly damage the cell structure. The presence of heavy metals causes oxidative stress and
increased production of reactive oxygen species (ROS), which in turn can cause various toxic effects on
plants, such as reduced growth, reduced chlorophyll content, inhibit the activity of enzyme, damage to
biomolecules as lipids, proteins and nucleic acids (Chaoui and Ferjani, 2005; Mishra et al., 2006). Heavy
metal ions when present in large amounts in the environment absorb by plant roots and transfer to the
shoots that result in impaired metabolism and reduced growth (Prasad, 2004).

In addition, large amounts of heavy metals in soil can result in decreased performance, the quality of
products and increase its concentration in agricultural production which is dangerous to human health or
animal consumption (Das et al., 1998). 53 elements of 90 elements found in nature are known as heavy
metals that among them nickel can be named (Weast, 1984). Nickel is one of the natural elements and can
has various forms in the environment. Soil and sediment are the primary source of nickel (Smialowicz et
al., 1984; Smialowicz et al., 1988).

Studies have shown that nickel is toxic to the respiratory tract and immune system of animals
(Smialowicz et al., 1984; Smialowicz et al., 1988) and has a negative impact on women's fertility and
fetal development (Chashschin et al., 1994). Studies have shown that the required amount of nickel for
human is less than 100 micrograms per day (Goyer, 1991). Nickel plays an important role in plants. At
low concentrations, there are no toxic effects on plants. But in high concentrations is toxic to plants
(Baycu et al., 2006). The amount of nickel in the soil is between 5 to 500 gr. per kg. Nickel may be
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absorbed by clay minerals and compete with the cations as calcium, magnesium, iron and zinc. Thus, high
levels of nickel in the root environment, may lead to Fe and Zn deficiency (Brooks, 1998).

Germination and growth of seedlings is milestone of one complete plant and also the most sensitive to
changes in plant life surrounding. So study this process in plants that have been exposed to contaminants
such as heavy metals is considered as solutions suitable for understanding the toxic effects on plants.
Coriander (Coriandrum sativum) is one annual herbaceous plant of the Apiaceae. The origin of this plant
is in the southwestern region of Asia (Ramadan and Morsel, 2002; Singh et al., 2003). Leaves and fruits
of Coriander contain essential oils that are used in the food industry, pharmaceutical, etc (Ramadan and
Morsel, 2002; Zargari, 1997). Milk thistle (Silybum marianum) has also been known to be used as food
and pharmaceutical. It is a biennial plant of the Asteraceae (Zargari, 1996). Given the importance of these
two species of different aspects of agronomic — medical, the purpose of this study is to observe the
distribution of Ni and their toxic effects on germination and growth of seedling until to be examined the
ability of this species as a purified plant.

MATERIALS AND METHODS

Healthy seeds of the coriander (Coriandrum Sativum) and Milk thistle (Silybum Marianum) sodium were
to be sterilized in hypochlorite solution 20% for 10 min, then they were rinsed three times with distilled
water and were disinfected in a Benomyl solution of one part in a thousand for 20 minutes. All appliances
including Petri dishes and filter paper were autoclaved. This study was done in one randomized complete
block design with four replications in Damghan University of Iran. For the preparation of nickel
treatments, nickel nitrate was used and their concentrations were 0, 500, 1000, 3000 milligrams per liter.
After preparing Petri dishes, 50 seeds were placed between two filter paper in each Petri and different Ni
treatments were applied.

Distilled water was used for control treatment. Petri dishes were incubated at 25 ° C temperature. The
daily numbers of germinated seeds in each plot were counted to estimate the rate of germination. The
seeds were counted in each plot until the change in the number of germinated seeds was not observed for
three consecutive days.

After the time of planting seeds (8 days) and the optimum growth of the seedlings, germination rate,
germination percentage, radicle length, plumule length, seedling length and vigor index were measured.
Germination percentage (Camberato and Mccarty, 1999), germination rate (Maguirw, 1962) and seedling
vigor index (Agraval, 2005) were calculated according to the following relationships:

(1) GP =(G/N)* 100

GP = Germination percentage

G = the number of germinated seeds until X day

N = Total number of seeds

2 GR =Y"i-1(Si/ D;) * 100

GR = Germination rate

Si= The number of germinated seeds in each counting

D; = Number of days to n counting

n = Number of numeration

(3) Seedling vigor index = the final of germination percentage * seedling length

Data were subjected to analysis of variance. Data was analyzed using Graphpad 6 software. Significance
differences between means was done using Duncan test at the 5% level.

RESULTS AND DISCUSSION

The results of the analysis of variance showed that the levels of nickel nitrate had a significant effect on
radicle and plumule length, seedling length, seed vigor, germination rate and germination percentage of
both species. With increasing concentration of nickel nitrate from 0 to 3000 mg per liter, seed germination
percentage of Coriander and Milk thistle was declined (Figure 1 & 2).
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Figure 1: Seed germination percentage of coriander in various concentration of nickel nitrate (mg /
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Figure 2: Seed germination percentage of Milk thistle in various concentration of nickel nitrate (mg
/1)

The reduction in germination percentage of milk thistle was more significant compared with coriander
(Figure 3). One of the crucial steps in the plant growth is the process of seed germination that crop
production and higher productivity is determined by this step. Resistance to heavy metals on stages of
seed germination and seedling growth is the key to establishing plants under restrictive conditions
(Almansouri et al., 2001).
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Figure 3: Interactive effects of diffe rent concentrations of nickel nitrate on seed germination (%6) of
coriander and Milk thistle
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Figure 4: Interactive effects of different concentrations of nickel nitrate on germination rate of
coriander and Milk thistle

Based on the results of the analysis of variance with increasing concentration of nickel nitrate from 0 to
3000 m /I, the germination rate of the Coriander and Milk thistle was declined (Figure 4). Mishra and
Chouhuri (1997) stated that the inhibitory effects of heavy metals on seed germination were applied on
different ways. Rahman et al., (2010) have been reported that germination reduced in the presence of
nickel and cobalt (Rahman and Mahmud, 2010). According Shafiq et al., (2008) the use of nickel can
reduce seed germination due to the decomposition of food stored in the seed (Shafig et al., 2008).

The growth of radicle and plumule of the plants slowed down for nickel concentrations greater than 500
mg / |. Generally the radicles are more affected than the plumules; so that the maximum and minimum
value was the control and the treatment of 3000 (mg/l) Ni, respectively (Figure 5). Milk thistle radicle
growth was stopped in 3000 (mg/1) treatment thoroughly. The radicle growth of coriander and Milk thistle
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was more inhibited than that of the plumule parts, which can be related to a higher content of nickel in the
root, as other authors have shown (Cataldo et al., 1978; Liibben and Sauerbeck, 1991). It is generally
recognized that the inhibition of root growth is an early effect of heavy metals phytotoxicity (Barcelo and
Poschenrieder, 1990).
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Figure 5: Interactive effects of different concentrations of Ni on length of radicle/plumule ratio of
coriander and Milk thistle
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Figure 6: Interactive effects of different concentrations of Ni on seedling lenght of coriander and
Milk thistle

Inhibitory the effects on root growth of species Brassica pekinensis and Lulium perenne have been
reported in response to heavy metals (Wong and Bradshaw, 1982; Xiong, 1998). Note that the inhibitory
effect of nickel concentration in the roots was more than shoots. That's why researchers are considered the
root length as a criterion for determining the tolerance to heavy metals (Xiong, 1998). It has been shown
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that inhibition of the underground part of the plant is more than shoots (Bashmakov et al., 2005). The
inhibitory effects of metals on root growth and shoot growth have been reported in many plants, although
plant response varies according to the species (Peralta et al., 2000). It has been shown that reduction of
radicle and plumule growth in the present of heavy metals could result in reduced of meristematic cells in
the region of the cell membrane and certain enzymes in the cotyledon and the endosperm. Or is the
involvement of heavy elements in the process of cell division (Jiang et al., 2001; Kabir et al., 2008; Liu et
al., 2003).

In Figure 6 the comparison of the average seedlings length has been studied. Different treatments of
heavy metal nickel in both species were tested, indicating that seedlings length is reduced with increasing
Ni concentration; as the lowest length is related to the treatment of 3000 (mg/ I) Nielement. It has been
shown that nickel treatment; especially in high concentrations have had negative effects on seedling
growth (Khatib et al., 2008).

Nickel was also affected seed vigor index (Figure 7). Compare vigor index in both species showed that
with increasing Ni concentration, vigor index significantly decreased in both species. It has been shown
that in concentration of 3000 mg/I NiNO3, seed survival index was close to zero for both species (Figure
7). Thus, it can be shown that the process of seed deterioration in the presence of high concentrations of
nickel is accelerating. Rasouli et al., (1392) also showed that increasing Ni concentration was decreased
seed vigor index for fox berry plant (Rasouli et al., 2003).
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Figure 7: Interactive effects of different concentrations of Ni on seed vigor index of coriander and
Milk thistle

Mechanisms of plant resistance to heavy metals are to separate toxic metals from their main metabolic
pathway and their accumulation in the plant. Heavy metals accumulation in the roots reduces water
absorption and nutrients, and metabolic activity; as a result reduce root growth (Cheng and Huang, 2006;
Pandey and Sharma, 2002). These results are consistent with the findings of many researchers
(Bashmakov et al., 2005; Gulfraz et al., 2003; Jeliazkova et al., 2003; Mahmood et al., 2005; Peralta et
al., 2000).

Conclusion

The overall results of this study indicate that different levels of nickel nitrate have negative effects on
growth traits in coriander and Milk thistle seedlings; So that high concentrations of nickel stopped radicle
growth in the final days of the experiment and causes radicle death. Also, seed vigor index and seed
germination were strongly influenced by the nickel contamination. The results indicate that the inhibitory
effect of high concentrations of nickel on growth traits in Milk thistle seedling was more dramatic than
coriander seedling. Given the important species of medicinal plants which are used widely in the
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pharmaceutical and healthcare industries, this research can be understood in terms of mechanisms of
action of nickel concentrations and finding solutions to prevent the penetration of these elements to plants
that are important for medicinal value. The results also indicate that probably, these species particularly
coriander may be used in areas with low to moderate pollution of nickel metal that can also properly
considered as phytoremediation. However, the review and further testing is required.

ACKNOWLEDGMENT
This project is funded in the framework of a research project sponsored by the University of Damghan,

which is hereby appreciation.

REFERENCES

Agrawal R (2005). Seed Technology (Oxford and IBH Publishing Co) 829.

Almansouri M, Kinet JM and Lutts S (2001). Effect of salt and osmotic stresses on germination in
durum Wheat (Triticum durum Desf.). Plant and Soil 231(2) 243 - 254.

Barcelo J and Poschenrieder CH (1990). Plant water relations as affected by heavy metals stress: a
review. Journal of Plant Nutrition 13 1-37.

Bashmakov DI, Lukatkin AS, Revin VV, Duchovskis P, Brazaityté A and Baranauskis K (2005).
Growth of maiz seedlings affected by different concentrations of heavy metals. Ekologija 3 22-27.

Baycu G, Doganay T, Hakan O and Sureyya G (2006). Ecophysiological and seasonal variations in Cd,
Pb, Zn, and Ni concentrations in the leaves of urban deciduous trees in Istanbul. Environmental Pollution
143 545-554.

Benavides MP, Gallego M and Tomaro ML (2005). Cadmium toxicity in plants. Brazilian Journal of
Plant Physiology 17(1) 21-34.

Brooks RR (1998). Plants that Hyperaccumulate Heavy Metals (CAB! Pub.) UK 375.

Camberato J and Mccarty B (1990). Irrigation water quality: part I. Salinity. Journal of South Carolina
Turfgrass Foundation New 6(2) 6-8.

Cataldo DA, Garland TR, Wildung RE and Drucker H (1978). Nickel in plants. Il. Distribution and
chemical form in soybean plants. Plant Physiology 62 566-570.

Chaoui A and Ferjani E (2005). Effects of cadmium and copper on antioxidant capacities, lignification
and and auxin degradation in leaves of Pea (Pisium sativum, L) seedlings. Journal of Comptes Rendus
Biologies 31 23-328.

Chashschin VP, Artunina PA and Norseth T (1994). Congenital defects, abortion and other health
effects in nickel refinery workers. Science of the Total Environment 148(2-3) 287-91.

Cheng S and Huang C (2006). Influence of cadmium on growth of root vegetable and accumulation of
cadmium in the edible root. International Journal of Applied Science and Engineering 3 243-252.

Das P, Samantary S and Rout R (1998). Studies on cadmium toxity in plants: A review. Environmental
Pollution 98 29-36.

Goyer R (1991). Toxic effects of metals, In: Casarett and Doull's Toxicology, 4th edition, edited by
Amdur MO, Doull JD and Klaassen CD (Pergamon Press) New Y ork 623-680.

Gulfraz M, Mussadeq Y, Khanum R and Ahmad T (2003). Metal contamination in wheat crop
(Triticum aestivum L) irrigated with industrial effluent. Online Journal of Biological Science 3(3) 335-
339.

Jeliazkova EA, Craker LE and Xing B (2003). Seed germination of anise, caraway, and fennel in heavy
metal contaminated solutions. Journal of Herbs, Spices and Medicinal Plants 10(3) 83-93.

Jiang W, Liu D and Liu X (2001). Effects of copper on root growth, cell division, and nucleolus of Zea
mays. Biologia Plantarum 44(1) 105-109.

Kabata-Pendias A and Pendias H (2001). Trace Elements in Soils and Plants. Florida: Boca Raton.
Kabir M, Igbal MZ, Shafigh M and Faroogi ZR (2008). Reduction in germination and seedling growth
Thespesiapopulnea L. caused by lead and cadmium treatments. Pakistan Journal of Botany 40(6) 2419-
2426.

© Copyright 2014 | Centre for Info Bio Technology (CIBTech) 286



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231-6345 (Online)

An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm
2014 Vol. 4 (3) July-September, pp.280-287/Poozesh and Tagharobian

Research Article

Khatib M, Rashed Mohassel MH, Ganjeali A and Lahootee M (2008). The effects of different nickel
concentrations on some mor pho-physiological characteristics of parsley (Petroselinum crispum). Journal
of Iranian Field Crop Research 6(2) 301- 295.

Liu D, Jiang W and Gao X (2003). Effect of cadmium on root growth, cell division and nucleoli in root
tip cells of garlic. Biologia Plantarum 47(1) 79-83.

Liibben S and Sauerbeck D (1991). The uptake and distribution of heavy metals by spring wheat.
Water, Air and Soil Pollution 5738 239-247.

Maguirw ID (1962). Speed of germination-arid in selection and evaluation for seedling emergence and
vigor. Journal of Crops Science 2 176-177.

Mahmood S, Hussain A, Zaeed Z and Athar M (2005). Germination and seedling growth of corn (Zea
mays L.) under varying levels of copper and zin. International Journal Environmental Science and
Technology 2(3) 269-274.

Mishra S, Srivastava S and Tripathi PD (2006). Phytochelatin synthesis and response of antioxidants
during cadmium stress in Baccopa monnieri L. Journal of Plant Physiology and Biochemistry 44 25-37.
Pandey N and Sharma CP (2002). Effect of heavy metals Co2+, Ni2+ and Cd2+ on growth and
metabolism of cabbage. Journal of Plant Science 163 753-758.

Peralta JR, Gardea - Torresdey JL, Tiemam KJ, Gémez E, Arteaga S, Rascon E and Parsons JG
(2000). Study of the effects of heavy metals on seed germination and plant growth on alfafa plant
(Medicago sativa) growth in solid media. In: Proceedings of the 2000 Conference on Hazardous Waste
Research Co 135-140.

Prasad MNV (2004). Heavy Metal Stress in Plants, second edition (Norosa Publishing House) USA.
Rahman Khan M and Mahmud Khan M (2010). Effect of varying concentration of nickel and cobalt
on the plant growth and yield of chickpea. Australian Journal of Basic and Applied Science 4(6) 1036-
1046.

Ramadan MF and Morsel JT (2002). Oil composition of coriander (Coriandrum sativum L.) fruit-
seeds. European Food Research and Technology 215 204-209.

Rasouli D, Fakheri BA, Farhadvan S and Minaie A (2003). Effect of different levels of copper and
nickel on germination and growth of mulberry fox. Rangeland Journal 3(27) Persian language.

Sanita di Toppi L and Gabbrielli R (1999). Response to cadmium in higher plants. Journal of
Environmental and Experimental Botany 41 105-130.

Shafig M, Igbal MZ and Athar M (2008). Effect of lead and cadmiumgermination and seedling growth
of Leucaenaleucocephala. Journal of Applied Sciences and Environmental Management 12(2) 61- 66.
Singh HB, Singh A, Rai SK, Katiyar RS, Johri JK and Singh SP (2003). Evaluation of Indian
coriander accessions for resistance against stem gall disease. Genetic Resources and Crop Evolution 50
399-343.

Smialowicz RJ, Rogers RR, Riddle MM and Scott GA (1984). Immunologic effects of nickel: I.
Suppression of cellular and hum oral immunity. Environmental Research 33 413-427.

Smialowicz RJ, Rogers RR and Rowe DG (1988). The effects of nickel on immune function in the rat.
Toxicology 44 271-281.

Weast RC (1984). CRC Handbook of Chemistry and Physics, 64th edition (CRC Press) Boca Raton.
Wong MH and Bradshaw AD (1982). A comparison of the toxicity of heavy metals, using root
elongation of ryegrass, Lolium perenne. New Phytology 91 255-261.

Xiong ZT (1998). Lead uptake and effects on seed germination and plant growth in a Pb
hyperaccumulator Brassica pekinensis Rupr. Bulletin of Environmental Contamination and Toxicology 60
285-291.

Zargari A (1997). Medicinal Plants, fourth edition (Tehran University Press) Il 586 -590 Persian
language.

Zargari A (1996). Medicinal Plants, fifth edition (Tehran University Press) 111 34 — 38 Persian
language.

© Copyright 2014 | Centre for Info Bio Technology (CIBTech) 287



