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ABSTRACT 

The paper presents the results of research of negative effects of zinc (Zn) on seed germination of wheat (Triticum aestivum L.). 

Besides the impact on the percentage of germination, the toxic effect on some morphometric characteristics was followed, too. 

Ripe seeds of wheat were exposed in standard laboratory conditions to the influence of zinc, in form of zinc chloride (ZnCl2), 

at different values of concentration. For each value of concentration it was determined the percentage of germinationed seeds, 

as well as the length of root and shoot. It as found the value of the concentration of ZnCl2, which inhibited completely 

germination of wheat. The mean values of the length of root and shoot for each concentration were compared with values 

obtained for the control group of seeds, which were not treated with ZnCl2. In addition to causing of inhibition of seed 

germination, the presence of zinc in the medium affects disorder of the physiological - biochemical processes during the 

growth and development of vegetative organs that it indicates the difference in the length of the root and shoot of treated seeds 

in relation to the control group of untreated seeds. 
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Introduction 

In normal conditions, heavy metals are environmental 

constituents, some of which being essential elements in 

numerous physiological processes in living organisms. Their 

presence in the soil, water and air originates from a great 

number of complex geochemical processes. The increased 

concentration of heavy metals in the environment is most 

often the result of human activities, such as industry, 

transportation, the use of chemicals in agriculture and urban 

waste (9, 19, 21). Heavy metals, when present in abnormal 

amounts, have harmful effects on living organisms. Plant and 

animal organisms are characterized by different sensitivity to 

the presence of heavy metals in the soil, water and air. Due to 

their harmful effects on living organisms, heavy metals are 

the most dangerous environmental pollutants (5, 15). 

Due to its indispensable role in basic biochemical-

physiological reactions, zinc is the element of essential 

importance. It provides activation of enzymes, synthesis of 

nucleotides as well as synthesis of photosynthetic pigments 

and production of chlorophyll. Zinc is indispensable in the 

metabolism of the plant hormone auxin.  Due to its effect on 

enzyme activity, it is indispensable in the physiological 

functions of a cell membrane (1). Positive effect of zinc is 

also found to mitigate the toxicity of other heavy metals in a 

plant organism and negative effects of free radical activities 

(13). 

Plants uptake zinc mostly through roots from ground 

solution and through organs above the ground from the 

atmosphere to a lesser extent. The uptake of zinc depends on 

numerous internal and exterior factors, primarily on the 

concentration, Ph value of soil substrate and the 

concentration of other heavy metals in the soil. The zinc 

uptake from the nutrient soil mostly retains in the root, but a 

portion is relocated into the parts above the ground and seed 

(16). 

When present in nutrient substrate in high concentrations, 

zinc is very toxic and prevents normal growth and 

development of the plant. The mechanism of zinc action is 
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still not quite clear, but it was proved that it induced 

numerous anatomic and morphological alterations in plants.   

Negative effect of high concentration of zinc on the growth 

and development of a plant is based on its genotoxicity and a 

disturbance of cell division (2, 12, 17, 20). A great number of 

authors investigated the effect of zinc on seed germination 

and growth and development of plants (3, 5, 7, 8, 12, 13, 14, 

18, 22, 23). The results of their research showed that zinc 

reduced the rate of seed germination and inhibited the 

elongation of shoot and root in various plant species. 

The aim of the present study was to examine the effect of 

high concentrations of zinc as ZnCl2 on seed germination 

in wheat (Triticum aestivum L.) and to determine lethal 

concentration of this heavy metal in the process of 

germination. The dynamics of germination was followed up 

concomitantly with the measurements of root and shoot at 

different concentrations. 

Materials and Methods 

To investigate the effect of zinc (Zn) on seed germination, the 

species Triticum aestivum L., the sort Ana Morava was 

used. The zinc used in the treatment of seeds as ZnCl2 was 

obtained from Acros Organics, Geel, Belgium. 

For the zinc treatment of seeds, the initial solution of 

ZnCl2 and distilled water at the concentration of 0.2 M was 

prepared. From the initial solution, 19 dilutions with 

descending gradients of concentration were prepared until the 

concentration of 0.1 M ZnCl2. Thus, 20 samples of the 

following concentrations were obtained: 0.01, 0.02, 0.03, 

0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.11, 0.12, 0.13, 0.14, 

0.15, 0.16, 0.17, 0.18, 0.19 and 0.2 M.  However, the medium 

for seeding of controls contained distilled water only. 

The seeding was performed in Petri dishes with filter 

paper previously laid and soaked with 5 ml of the solution. 

For each concentration of ZnCl2, 100 seeds were seeded. 

Petri dishes were kept under standard laboratory conditions 

(light/darkness – 16/8 h, temperature 22/18 oC and humidity 

55/65%). The percentage of germinated seeds and the length 

of root and shoot were noted for each sample three and five 

days after seeding. 

Results and Discussion 

The analysis of the percentage of germination showed that 

the number of germinated seeds depended on the 

concentration of ZnCl2 in the medium. In comparison to 

control sample without ZnCl2, the number of germinated 

seeds was considerably reduced with the rise of ZnCl2 

concentration. After three days, the percentage of 

germination determined in control sample was 91%, while in 

the first sample with the lowest ZnCl2 concentration (0.01 M) 

it was 80%. The percentage of germination in the sample 

containing 0.16 M solution was 3%.  No germination was 

found in the samples with ZnCl2 concentrations higher than 

0.16 M (Table 1).  

TABLE 1 

Percentage of germination, root and shoot lengtht after three 

days of incubation 

Cocentration 

of ZnCl2(M) 

% of 

germination 

Root lenghta 

(mm) 

Shoot lenghta 

(mm) 

0.20 0 0  0 

0.19 0 0  0 

0.18 0 0  0 

0.17 0 0  0 

0.16 3 0 0.09 ± 0.01 

0.15 7 0.07 ± 0.01 0.19 ± 0.02 

0.14 12 0.12 ± 0.04 0.27 ± 0.03 

0.13 16 0.21 ± 0.01 0.30 ± 0.01 

0.12 22 0.26 ± 0.09 0.43 ± 0.12 

0.11 25 0.30 ± 0.18 0.72 ± 0.10 

0.10 30 0.38 ± 0.06 0.80 ± 0.18 

0.09 32 0.46 ± 0.02 0.89 ± 0.09 

0.08 40 0.59 ± 0.07 1.40 ± 0.08 

0.07 46 0.64 ± 0.02 1.76 ± 0.10 

0.06 53 0.71 ± 0.11 2.10 ± 0.15 

0.05 59 0.85 ± 0.18 4.10 ± 0.92 

0.04 65 0.98 ± 0.12 5.60 ± 0.96 

0.03 72 2.16 ± 1.10 7.48 ± 1.20 

0.02 76 3.48 ± 0.60 9.70 ± 1.46 

0.01 80 5.68 ± 1.00 11.6 ± 1.21 

0 91 19.8 ± 2.10 26.7 ± 2.01 

aValues expressed as mean ± standard deviation (n = 3) 

The determination of the germination percentage after 

five days revealed the percentage of 95% in the control 

sample and 90% in the sample with the lowest concentration 

of ZnCl2. With the increase of zinc concentration in the 
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medium, the percentage of germination decreased, which was 

also found after the first measurement. After the second 

measurement, the lowest value of germination percentage 

amounting 9% was determined in the sample with 0.17 M 

ZnCl2.  

 

The imbibition process begins with the contact of seed 

with humid environment, quickly followed by activation of 

metabolic processes as the most important stage in the 

process of germination. The activation of metabolic processes 

provides numerous synthesis actions in the seed and 

accumulation of products necessary for mitotic divisions in 

further growth of the germinated seed (4, 6).  

TABLE 2 

Percentage of germination, root and shoot lengtht after five 

days of incubation 

Cocentration 

of ZnCl2(M) 

% of 

germination 

Root lenghta 

(mm) 

Shoot lenghta 

(mm) 

0.20 0 0  0 

0.19 0 0  0 

0.18 0 0  0 

0.17 9 0  0.08 ± 0.01 

0.16 15 0.06 ±0.01 0.16 ± 0.05 

0.15 19 0.19 ± 0.02 0.27 ± 0.01 

0.14 22 0.26 ± 0.01 0.41 ± 0.02 

0.13 27 0.34 ± 0.03 0.55 ± 0.07 

0.12 30 0.50 ± 0.04 0.73 ± 0.11 

0.11 31 0.59 ± 0.03  0.92 ± 0.09 

0.10 37 0.65 ±  0.13 1.15 ± 0.48 

0.09 40 0.73 ±  0.08 2.01 ± 0.90 

0.08 49 0.85 ±  0.12 3.22 ± 1.00 

0.07 52 0.99 ±  0.05 5.56 ± 0.98 

0.06 64 1.52 ±  0.12 7.68 ± 1.10 

0.05 68 1.88 ± 0.09 11.24 ± 0.96 

0.04 71 2.12 ±  0.75 12.04 ± 1.05 

0.03 79 2.68 ±  0.98 13.92 ± 1.14 

0.02 88 4.84 ±  2.10 18.04 ± 2.01 

0.01 90 7.48 ±  2.21 21.68 ± 1.85 

0 95 46.1 ±  3.2 62.96 ± 1.92 

aValues expressed as mean ± standard deviation (n=3) 

The presence of heavy metals in the medium in which the 

seed germinates complicates normal course of these 

processes due to their fast penetration inside the seed together 

with water. Among physiological processes, respiration is the 

most sensitive to the presence of heavy metals. When Zn is 

present in cytoplasm and mitochondria, it inhibits Krebs 

cycle and transportation of electrons in the process of 

oxidative phosphorilation (10, 11, 18, 20, 24, 25). Due to 

negative effect of zinc on the main physiological process 

during germination, its presence in the germination medium 

largely reduces the percentage of germinated seeds; in higher 

concentrations, above 0.17 M, like in this case, it completely 

inhibits the germination process. 

In addition to inhibition of germination, the results of the 

experiment show that ZnCl2 exerts a powerful effect on 

further growth and development of germinated seeds. The 

analysis of the average length of root and shoot showed 

remarkable differences between the values of control group 

and the values of each group of treated seeds after both first 

(Table 2) and second measurement of root and shoot length. 

After the first measurement, the average length for the 

control seed group was 19.8 mm for the root and 26.7 mm for 

the shoot. The average length for the seeds that germinated in 

the medium with the lowest ZnCl2 concentration, i.e. 0.01 M 

solution was 5.68 for root and 11.6 mm for the shoot. The 

average values of root and shoot lengths decreased with the 

increase of the zinc concentration in the medium. In the 

sample with 0.15 M solution of ZnCl2, the average length of 

root was 0.07 mm, while in the samples with the ZnCl2 

solution concentration above 0.15 M, the root did not develop 

until the third day. In the sample with 0.16 M concentration, 

the seeds did not develop the root, but only the shoot with 

average lengths of 0.09 mm at this value of concentration. In 

the samples with higher concentrations, shoot did not 

develop, i.e., the seeds did not germinate. 

The analysis of the second measurement showed that the 

length of the root and shoot in the sample with the lowest 

concentration was drastically reduced in comparison with the 

control group. Also, the values of root and shoot length 

decreased with the increase in ZnCl2 concentration. After the 

fifth day, the highest concentration at which the root 

developed was 0.16 M  ZnCl2 solution with the average 

length of 0.06 mm, while at the concentration of 0.17 M, only 

shoot was developed with the average length of 0.08 mm, but 

its development stopped and it decomposed soon hereafter. 
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At the concentrations above 0.17 M, neither the root nor the 

shoot developed after the fifth day, the seeds lost their 

viability and changed the colour into dark – morose. In the 

samples with ZnCl2 concentration above 0.17 M, the seeds 

did not germinate. The value of this concentration was the 

highest ZnCl2 concentration at which the seeds of wheat 

germinated, while the value of 0.18 M ZnCl2 concentration 

could be qualified as lethal zinc concentration for the 

germination of wheat (Table 1). 

After the germination of seeds and formation of root and 

shoot, the stage of growth and development of the plant based 

on intense metabolic processes begins, controlled by plant 

hormones. In numerous studies, higher concentrations of 

heavy metals were found to have negative effects on the 

growth and development of plants, their anatomic and 

morphological composition as well as their yields. The 

disturbance of plant hormone metabolism and prevention of 

normal photosynthesis process, mineral nourishment, water 

route and transport of photosynthesis products are the 

mechanism by which heavy metals inhibit normal growth and 

development of a plant. The heavier growth and development 

were also the result of a disturbed anatomic structure of 

conducting root system, since the number and volume of 

conducting vessels is reduced in the plants exposed to heavy 

metals. The presence of heavy metals inhibits the normal 

division and elongation of cells, which is also one of the 

causes of disturbed growth and development of the plants 

exposed to heavy metals (17, 18, 20). 

Conclusions 

The percentage of seed germination of wheat Triticum 

aestivum L. depends on the ZnCl2 concentration in the 

medium in which the seeds germinate. The seeds exposed to 

0.17 M concentration of the solution have the lowest 

percentage of germination and develop shoot only. If the 

seeds are exposed to 0.18 M ZnCl2 concentration, they 

completely lose the ability to germinate. The average length 

of the root and shoot of wheat decreases with the increase of 

ZnCl2 in the medium due to violation of basic metabolic 

processes for growth and development. 

REFERENCES 

1. Akihiko I., KanaU., Yuichi S., Yoshitaka N., Shoichiro 

A. (2006) Bulletin of the Faculty of Agriculture, 52(1/2), 

57-64. 

2. Al-Yemeni M.N. and Al-Helal A.A. (2002) J. King Saud 

Univ., 15, 39-47. 

3. Baker M. (1978) New Phytol, 80, 635-642. 

4. Bewley D. (1997) The Plant Cell, 9, 1055-1066. 

5. Bojraczuk K. (2004) Polish Journal of Environmental 

Studies, 13(2), 115-120. 

6. Bradbeer W.J. Seed Dormancy and germination, 

Blackie, New Jork, 27-38. 

7. Buhran N., Shaukat S. and Tahira A. (2001) Pakistan 

Journal of Biologycal Sciences, 4(5), 575-580. 

8. Cvetanovska L. and Spasenovski M. (2000) Ekol. Zašt. 

Život. Sred., 7(1-2), 61-66. 

9. FargasovaA.(1999) Bull.Envir.Contam.Tox.,61,762-769. 

10. Foy C.D. (1995) J. Plant Nutr., 18, 695-706. 

11. Foy C.L. (1978) Ann. Rev. Plant Physiol. 29, 511-566. 

12. Grejtovsky A., Markušova K. and Eliašova A. (2006) 

Plant Solil Environ., 52(1), 1-7. 

13. Gunes A., Alpaslan M., Cikili A. and Ozcan H. (2000) 

Turk. J. Agric. For., 24, 505-509. 

14. Gyana R.andPremanandaD.(2003)Agronomie,23,3-11. 

15. Kuang Y., Zhou G., Da Wen Z. and Liu S. (2007) 

Environ Sci Pollut Res Int. 14(4), 270-275. 

16. Lukšiene B. and Račaite M. (2008) Envronmental 

Research, Engineering and Management, 4(46), 36-41. 

17. Mukherjee A. and Sharma A. (1987) Current Science, 

56(21), 1097-1112. 

18. Munzuroglu O. and Geckil H. (2002) Arch. Environ. 

Contam. Toxicol., 43, 203-213. 

19. Pavlović S., Pavlović D. and Topuzović M. (2005) 

Kragujevac Journal of Science, 27, 147-156. 

20. Plekhanov E.S. and Chemeris K.Yu. (2003) Biology 

Bulltein, 30(5), 506-511. 

21. Topuzović M., Petković B. and Tatić B. (1997) Arch. 

Biol. Sci., 49(3-4), 117-122. 

22. Weiqiang L., Mohammad A. K., Shinjiro Ya. and Yuji 

K. (2005) Plant Growth Regulation, 46, 45-50. 

23. Wong H.andBradshawD.(1982)NewPhytol,91,255-261. 

24. Wu L., Hasselt P. and Lin S. (1990) New Phytol. 116, 

531-539. 

25. Wu L., Thurman D. and Bradshav A. (1975) New 

Phytol, 75, 225-229. 

 


