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ABSTRACT 

Hydroponically studies were conducted in rice seedlings (Oryza sativa L., cv. Tarom Hashemi) under 

different Zn levels. The nutrient solution treatments were prepared of three 4 zinc levels (0.5, 5,50 and 
100 µM ZnSO4). Zn decreased Zn-TF, increased Zn accumulation in roots. Addition of Zn from 0.5 to 5 

µM in nutrient solution increased shoot length, plant dry weight, superoxide dismutase (SOD) and 

decreased ascorbate peroxidase (APX) and guaiacol peroxidase (GPX) while addition of Zn from 5 to 100 
µM had the reverse effects.  
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INTRODUCTION 

Zinc (Zn) is essential for normal plant growth and development since it is constituents of many enzymes 

and other proteins. Zinc deficient soils are common in various climatic regions world-wide and Zn 
deficiency is one of the most important nutritional problems after macronutrients deficiency in crop 

production.  Zn deficiency is now considered the most widespread nutrient disorder in lowland rice 

(Quijano-Guerta et al., 2002). On the other hand, elevated concentrations of Zn can lead to toxicity 
symptoms and growth inhibition in rice (Song et al., 2011). Essential and nonessential heavy metals 

stresses disrupt the redox homeostasis of cells and cause rapid formation of reactive oxygen species 

(ROS). The ROS cause oxidative damage to vital biomolecules such as lipids, proteins and nucleic acids, 

which is detrimental to plant growth and development (Blokhina et al., 2003; Gao et al., 2008; Shah et 
al., 2001; Sharma and Dubey 2007). To scavenge ROS and to avoid oxidative damage, antioxidant plant 

enzymes such as superoxide dismutase (SOD), catalase (CAT) and guaiacol peroxidase (GPX) control the 

cellular concentrations of O2 ˙
-
 and H2O2 (Gratão et al., 2005; Noctor and Foyer 1998; Sharma and Dubey 

2007). This study aims to investigate in the rice seedlings (Oryza sativa L., cv. Tarom Hashemi) grown 

hydroponically under different Zn levels: 1) growth responses; 2) changes of Zn accumulation in different 

parts of the rice; 3) uptake and distribution patterns of zinc in different parts of the rice; 4) induction of 
antioxidant enzymes activity. 

 

MATERIALS AND METHODS 

Plants Culture and Treatments 
Seeds of rice (Oryza sativa L. cv. Tarom Hashemi) were provided by Iranian Rice Research Institute, 

Guilan Province, Iran. Seeds were germinated in darkness on filter paper. Germinated seeds were then 

transferred onto nylon net and pre-cultured for 2 days on 0.02 mM CaSO4, 3 days on 25% and 3 days on 
50% nutrient solution (Yoshida et al., 1976). 13-day-old seedlings with similar sizes were selected and 

transferred to 2.5 L plastic pots with 5 bundles consisting of 3 plants per bundle. The plants were 

cultivated in a growth chamber. The temperature regime was 30-25°C day-night, with 14-10 hours light-

dark period, and relative humidity of 80-90%, under photon flux density of 350 μmol m
-2

 s
-1

. The nutrient 
solutions were not aerated and replaced every 5 days.The nutrient solution had the following composition 
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(mM): NH4NO3 1.5, CaCl2 1.00, MgSO4 1.60, K2SO4 1.00, KH2PO4 0.30 and (µM):H3BO3 2.0, MnSO4 
5.0, ZnSO4 0.5, CuSO4 0.2 and (NH4)6Mo7O24 0.05. Iron was supplied as FeEDTA at 0.1 Mm. The 

concentration of Zn at 5, 50 and 100 µM was supplied by addition of ZnSO4 at the defined concentrations 

to the nutrient solution. The pH of nutrient solution was 6.0 and was adjusted every day. 

Study of Growth Parameters  

After two weeks of treatment, the seedlings were harvested. The seedlings roots were washed in 

deionized water, and blotted using rough filter paper, then the seedlings were divided into shoots and 

roots whose fresh weights were determined immediately. Plant shoots and roots were, then, in the oven 
dried at 70°C for 48 h, and their dry weights were determined. Another group of plants was used for 

determination of root length(Tennant 1975). 

Estimation of Zn Accumulation in Roots and Shoots 
For determining Zn, the dried materials were ashed at 550°C for 20 h. The ash residue was incubated with 

31% HNO3 and 17.5 % (v/v) H2O2 at 72°C for 2 h, and dissolved in 0.1 N HCl. Cd was then quantified 

using an atomic absorption spectrophotometer (Model AA-6800; Shimadzu, Kyoto, Japan). The amount 

of Zn was expressed on the basis of dry weight (DW). Zn Translocation Factor was calculated with the 
following formula (Ait Ali et al., 2002): 

Zn Translocation Factor = (Zn content of shoot / Zn content of root) *100 

Extraction and Assay of Antioxidative Enzymes  
Fresh weight of root or shoot (0.2 g) was homogenized at 4°C in 5 ml extraction buffer (0.1 M phosphate 

buffer pH 6.8) with mortar and pestle. The homogenate was then centrifuged at 15,000g for 20 min and 

the homogenate was used as the crude extract for the superoxide dismutase (SOD), catalase (CAT), 
ascorbate peroxidase (APX) and guaiacol peroxidase (GPX) assay.SOD (EC 1.15.1.1) activity was 

assayed according to the method of Giannopolitis and Ries (1977). The reaction mixture contained 100 

µL 1 µM riboflavin, 100 µL 12 mM L-methionine, 100 µL 0.1 mM EDTA (pH 7.8), 100 µL 50 mM 

Na2CO3 (pH 10.2), and 100 µL 75 µM nitroblue tetrazolium (NBT) in 2,300 µL 25 mM sodium 
phosphate buffer (pH 6.8), with 200 µL crude enzyme extract in a final volume of 3 mL. SOD activity 

was assayed by measuring the ability of the enzyme extract to inhibit the photochemical reduction of 

NBT. Glass test tubes containing the mixture were illuminated with a fluorescent lamp (120 W); identical 
tubes that were not illuminated served as blanks. After illumination for 15 min, the absorbance was 

measured at 560 nm. One unit of SOD was defined as the amount of enzyme activity that was able to 

inhibit by 50% the photoreduction of NBT to blue formazan. The SOD activity of the extract was 
expressed as SOD unit min

-1
 mg

-1
 protein.CAT (EC 1.16.1.6) was extracted similarly to SOD except that 

50 mM Tris-NaOH buffer was used and was assayed according to the method of Aebi (1984). The rate of 

H2O2 decomposition was measured at 240 nm (extinction coefficient of 0.036 mM
-1

cm
-1

) and enzyme 

specific activity was expressed as μmol H2O2 oxidized min
-1

 mg
-1 

protein. 
APX (EC 1.11.1.11) activity was assayed as described by Jimenez et al., (1997) by monitoring the 

oxidation of ascorbate at 240 nm for 2 min at 25°C (Ɛ = 2.8 mM
-1
 cm

-1
). The reaction mixture (1 ml) 

consisted of 50 mM HEPES-NaOH buffer (pH 7.6) containing 0.2 mM ascorbate, 0.3 mM H2O2, and 100 
µl of supernatant. The reaction was started by the addition of H2O2. Corrections were made for the 

nonenzymatic oxidation of ascorbate by H2O2 and for the oxidation of ascorbate in the absence of H2O2. 

APX was measured in the presence and absence of the specific inhibitor 4-chloromercuribenzoic acid (0.5 

mM). One unit of APX was defined as the amount of enzyme required to oxidize 1 nmol (ascorbate) min
-

1
. GPX (EC 1.11.1.7) activity was determined according to Quessada and Macheix (1984)by monitoring 

the increase in absorbance at 470 nm and 25°C for 2 min (Ɛ = 26.6 mM
-1 

cm
-1

). The reaction mixture (1 

ml) consisted of 50 mM potassium phosphate buffer (pH 6.1), 6.25 mM guaiacol, and 25 µM H2O2. The 
reaction was started by the addition of 10 µl of the enzyme extract. One unit of GPX was defined as the 

amount of enzyme required to decompose 1 µmol (H2O2) min
-1
. 

Statistical Analysis 
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Experiments were carried out under a completely randomized design in a 3×3 factorial array with three 
replications. The factors were 4 levels of Zn. The analysis of variance (ANOVA) was performed using the 

SPSS 16.0 software, and the means were compared by Duncan
’
s  test.  

 

RESULTS 

Plant Growth  
Plant growth response to Zn Levels was obviously different (Figure 1). The highest root length (312 cm), 

shoot length (52.7 cm) and plant dry weight (234.3 mg plant
-1

) were observed at the Zn level of 100 µM. 
The lowest root length (243 cm), shoot length (36.7 cm) and plant dry weight (94.5 mg plant

-1
) were 

observed at the Zn level of 100 µM. 

 

 
 

Figure 1: Changes in growth responses; root length (a) shoot length (b) plant dry weight (c) in rice 

subjected to different Zn levels in nutrient solution. All data are means ± SE of three replications. 
Treatments with the same lower-case letters were not significantly different based on mean comparison 

by Duncan’s test at p< 0.05 
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Zn Accumulation in Roots and Shoots  
Table 1 shows the effects Zn on the Zn accumulation in the roots and shoots and Zn Translocation Factor. 

The Zn accumulation in roots significantly increased with increasing Zn supply levels. This increase was 

117%. Increasing Zn from 0.5 to 5 µM significantly increased Zn accumulation in shoots while that 
increasing Zn from 5 to 100 µM decreased Zn accumulation. The maximum Zn accumulation was 

recorded in roots (12.3μg Plantˉ¹) at the Zn level of 100 µM. The minimum Zn accumulation was 

recorded in roots (5.67 μg Plantˉ¹) at the Zn level of 0.5 µM. The highest Zn accumulation was observed 

in shoots (28.46 μg Plantˉ¹) at the Zn complex level of 5 µM. The lowest Zn accumulation was observed 
in shoots (7.1 μg Plantˉ¹) at the Zn complex level of 100 µM.. Zn Translocation Factor significantly 

decreased with increasing Zn supply levels.  

 

Table 1: Effects of  Zn on the Zn accumulation (μg Plantˉ¹) in the roots and shoots and Zn 

Translocation Factor in rice (Oryza sativa L.). 
 

 

Zn levels 

(µM) 

Root Zn 

Accumulation 
Shoot Zn Accumulation Zn Translocation Factor 

 
0.5 5.67±0.92

c
 19.10± 2.75

 b
 336.9±24 

a
 

 
005 9.88±1.21

b
 28.46 ±3.47

 a
 288.0±36 

b
 

 
050 9.64±1.43

b
 8.95±1.02    

c
 92.9±12   

c
 

 
100 12.3±1.21

a
 7.10±2.40    

d
 58.0±16   

d
 

 
The data are expressed as means ± SE (n = 3). The means marked with the different letter in the same 

column are significantly (P < 0.05) different. ns: non- significant; ∗∗significant at p < 0.01; ∗significant at 

p < 0.05. 
The accumulation percent of Zn in root and shoot component of plants is shown in Figure 2. The 

accumulation percent of Zn was highest in root followed by shoot at 50 and 100 µM Zn supply level. 

 

 
 

Figure 2: The accumulation percent of Zn in different parts of rice (Oryza sativa L.) treated with 

different Zn levels (µM).  

 

Antioxidative enzymes 

Figure 3 shows the effects of Zn on the antioxidant enzymes activities in shoots. 

Treatments with the same lower-case letters were not significantly different based on mean comparison 
by Duncan’s test at p˂0.05. Increasing Zn from 0.5 to 5 µM significantly increased SOD activity while 

that increasing Zn from 5 to 100 µM decreased SOD activity. The maximum SOD activity was recorded 

(86 units mgˉ¹ protein) at the Zn level of 5 µM.  



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

An Online International Journal Available at http://www.cibtech.org/jls.htm 

2012 Vol. 2 (4) October-December, pp.89-96/Asadi et al. 

Research Article 

93 
 

 
Figure 3: Changes in antioxidant enzymes activities; (A) SOD (B) CAT  (C) APX and (D) GPX in rice 

shoots subjected to different Zn levels in nutrient solution. All data are means ± SE of three replications. 

The minimum SOD activity was recorded (36 units mgˉ¹ protein) at the Zn level of 100 µM.As shown in 
Figure 3B, the addition of Zn to nutrient solution was not significant on the CAT activity. The maximum 

CAT activity was recorded (198 μmol H2O2 oxidized min
-1

 mg
-1

 protein) at the Zn level of 5 µM. The 

minimum CAT activity was recorded (174 μmol H2O2 oxidized min
-1

 mg
-1

 protein) at the Zn level of 100 
µM. Increasing Zn from 0.5 to 5 µM significantly decreased APX (Figure 3C) and GPX (Figure 3D)  

activities while that increasing Zn from 5 to 100 µM increased APX and GPX activities. The maximum 

APX and GPX activities were recorded (1.7 μmol ascorbate oxidized min
-1

 mg
-1

 protein and 1.6 μmol 
H2O2 reduced min

-1
 mg

-1
 protein) at the Zn level of 100 µM. The minimum APX and GPX activities were 

recorded (0.8 μmol ascorbate oxidized min
-1

 mg
-1
 protein and 0.75 μmol H2O2 reduced min

-1
 mg

-1
 protein) 

at the Zn level of 5 µM.  
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DISCUSSION 
Addition of Zn from 0.5 to 5 µM in nutrient solution increased shoot length and plant dry weight while 

that increasing Zn from 5 to 100 µM decreased them (Figure 1). The element Zn is essential for plant 

growth (Prasad 1995).  High rates level of Zn showed severe phytotoxic effects on rice and significantly 
inhibited its growth. High level of Zn is likely to destroy the metabolic balance in plants to result in 

disorder of other mineral nutrients states. Zn at higher concentrations has retarded the growth and 

development of plants by interfering with certain important metabolic processes (Alia 1995; Cherif et al., 

2011; Ebbs and Kochian 1998). These results suggest that 0.5, 5 and ≥50 µM Zn supply levels are 
deficiency, adequate and toxic levels for this cultivar, respectively. Addition of Zn to nutrient solution 

increased Zn accumulations in roots and shoot. Increasing Zn from 0.5 to 5 µM increased Zn 

accumulation and then its increase from 5 to 100 µM significantly decreased Zn accumulations in shoots. 
The decrease of shoots Zn accumulation in high level of Zn is due to severe phytotoxic effects on rice. 

The high level of Zn is likely to destroy the metabolic balance in plants, to result in disorder of other 

mineral nutrients states(Table 1).With increasing Zn levels decreased Zn Translocation Factor (Table 1). 

These results indicate that the rice can considerably increase Zn accumulation in roots with addition of Zn 
to nutrient solution and inhibited of their transport to shoots.However, the highest amount of the Zn was 

accumulated in the shoots of rice, but, low Zn Translocation Factor in 50 and 100 µM of Zn levels which 

also had toxic effects on growth parameters, show that one of the defense mechanism of rice against 
heavy metal stress can be their accumulation in the roots.However, addition of Zn to nutrient solution 

from 0.5 to 5 µM significantly increased SOD activity and significantly decreased APX, GPX activities in 

shoots, but increasing Zn from 5 to 100 µM significantly decreased SOD activity and significantly 
increased APX, GPX activities in shoots (Figure 3). Addition of Zn to nutrient solution was not 

significant on the CAT activity in shoots. Zn is able to contribute in the structure of Cu/Zn SOD isozyme, 

therefore its addition to nutrient solution up to adequate level (5 µM Zn) increased SOD activity. Similar 

to our observations was reported before (Aravind and Prasad 2005; Cherif et al., 2011; Hajiboland and 
Beiramzadeh 2008; Tavallali et al., 2010). The excess of Zn decreased SOD activity that may be due to 

the Zn toxicity in high level (Candan and Tarhan 2003; Song et al., 2011).  Activity of SOD was 

suggested to be an indicator of Zn nutritional status of plants (Cakmak I et al., 1997). Activity of two 
H2O2 scavenging enzymes, APX and GPX was induced by low Zn supply. Induction of APX and 

particularly GPX under the effect of deficiency of macro (Tewari et al., 2007) or micronutrients (Candan 

and Tarhan 2003; Hajiboland and Beiramzadeh 2008; Hassan et al., 2005) was frequently reported. The 
least level of APX and GPX activity in the 5 µM Zn may be due to optimal growth conditions. There is 

rather a negative relationship between APX and GPX activity and plants growth, e.g. higher growth was 

accompanied by lower activity of APX and GPX. Similar to our results about CAT activity was also 

reported in rice (Hajiboland and Beiramzadeh 2008).The present results indicate that Zn significantly 
decreased APX and GPX activities in shoots. It implies that, APX and GPX activities only monitored 

stress conditions without any protecting role. On the other hand, the functional significance of APX and 

GPX in the protection of plants against oxidative stresses has been questioned by many authors(Chaoui A 
et al., 1997; Cuypers A et al., 2000; Hajiboland and Beiramzadeh 2008; Van Assche and Clijsters 1990).  

 

CONCLUSION 

The results showed that optimal growth was found when the plant grew at the Zn level of 5 µM. The 
distributions of Zn in different plant parts decreased in the order: shoot> root for Zn. Results suggest that 

increasing Zn to nutrient solution up to adequate level (5 µM Zn) by improving growth increased SOD 

activity, and within this condition decreased APX and GPX activities in shoots. 
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