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Abstract
Seed storage at unfavorable conditions of high humidity and temperature is a difficulty which decreases seed vigor
and/or seed viability. Current experiment was conducted to evaluate the activity of antioxidant enzymes and seed
germination characteristics after ageing on maize seeds (Zea mays L.) in the research laboratory of Razi University,
Kermanshah, Iran. A three-factorial experiment was performed with completely randomized design with three
replications, using three maize hybrids (SC704, SC647, SC260), and three levels of accelerated ageing (non-aged,
artificially aged for 3 and 6 days at 45 oC temperature and 98% relative humidity). The hydro-priming was performed at
different durations (0, 12 and 24 hours). Results indicated that germination characteristics of maize seeds were
considerably affected by priming time periods. The germination characteristics of deteriorated seeds were significantly
enhanced by hydro-priming, especially in 24 h priming. The highest germination characteristics and seedling length
were obtained in the control (non-aged) seeds which were primed for 24 h. The lowest germination performance was
obtained for the non-primed seeds after 6 days of ageing. The catalase, peroxidase and glutathione reductase activity
and malondialdehyde (MDA) concentration of aged maize seeds were restored partially by hydro-priming. In fact,
ageing-associated MDA decreased by priming. The results suggested that hydro-priming could improve deteriorated
seed performance.
Keywords: Biochemical traits; Maize hybrids; Pre-treatment; Seed deterioration; Seedling growth characteristics
Abbreviations: Malondialdehyde (MDA), Superoxide dismutase (SOD), Catalase (CAT), Peroxidase (POD),
Ascorbate peroxidase (APX), Glutathione reductase (GR), Active oxygen species (ROS), Superoxide (O2ˉ), Hydroxyl
radicals (OHˉ), Hydrogen peroxide (H2O2), Singlet oxygen (1O2), Germination index (GI), Germination percentage
(GP), Mean germination time (MGT), Seedling length (SL), Oxidized glutathione (GSSG), Trichloroacetic acid (TCA),
Thiobarbituric acid (TBA), Polyvinylpyrrolidone (PVP), Fresh weight (FW), Analysis of variance (ANOVA).
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Introduction

Additionally,

storage

temperature

and

seed

Warehouse and storage of seeds of crop plants in

moisture content impact seed longevity (Steiner

unfavorable conditions such as high humidity and

and Ruckenbauer 1995; Hampton et al. 2004).

temperature is a difficulty which reduces seed

Ageing has adverse effects on membranes

quality (Probert and Hay 2000; Hacisalihoglu

(Tahmasebi et al. 2015), proteins (Nautiyal et al.

2008). Thus ageing is an ordinary phenomenon in

1985; Tahmasebi et al. 2015) and nucleic acids

seed storage. Seed quality at storage time affects

(Abdalla and Roberts 1968). One important

seed

reason for loss of storability is peroxidation of

longevity

(Probert

and

Hey

2000).
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unsaturated fatty acids. This can be due to reduced

and emergence of crop species such as corn

amounts of antioxidants and decreased activity of

(Siadat et al. 2012), rye (Ansari et al. 2013),

free radical and peroxidase scavenging enzymes

wheat (Ghasemi et al. 2014), pepper (Aloui et al.

(Hsu and Sung, 1997; Yeh and Sung, 2008).

2014) and fennel (Foeniculum vulgare L.) (Abdoli

Shaban et al. (2018) reported that with increasing

2014). Seed priming treatments have been

of ageing duration, germination percentage, lipid

accustomed to decrease aging and invigorate their

peroxidation, hydrogen peroxide production and

performance in maize (Siadat et al. 2012).

electrolyte leakage increased. One of the earliest

It is well known that priming decreases aging

responses of plants to ageing condition is the

and

accumulation of active oxygen species (ROS)

upregulated during this process. However, there is

such as hydrogen peroxide (H2O2), hydroxyl

not much information about the effects of seed

radicals (OHˉ), superoxide (O2ˉ) and singlet

priming on antioxidant activity of aged maize

oxygen (1O2). It is well known that the activity of

seeds. The objective of the present study was to

enzymes such as ascorbate peroxidase (APX),

evaluate the impact of hydro-priming with

catalase (CAT), glutathione reductase (GR),

different durations on activities of antioxidant

peroxidase (POD) and superoxide dismutase

enzymes and seed germination characteristics of

(SOD) decreases in aged seeds (Khajeh et al.

maize (Zea mays L.) seeds under different levels

2015; Mansouri-Far et al. 2015; Kong et al. 2015;

of accelerated aging. In other words, the aim was

Shaban et al. 2018).

to find out possible methods of improving

Priming, a seed enhancement technique with
water and/or soaked in different solutions with

that

some

antioxidant

enzymes

are

storability of maize seeds with regard to storage
conditions.

high osmotic potential, can be a useful tool for
improving germination of crop seeds such as

Material and Methods

maize. Seed priming treatments such as hydro-

Experimental site and method

priming, osmo-priming, bio-priming, hormonal-

The present study was conducted during 2016 at

priming, magneto-priming, chemical priming and

the research laboratory of the Razi University,

nutrient priming, are employed in crop plants

Kermanshah, Iran. A factorial experiment was

under the broad range of environmental stresses

carried out with three factors using completely

(Farooq et al. 2005; Jisha et al. 2013; Paparella et

randomized design with three replications. The

al. 2015). Seed priming allows some of the

first factor was maize hybrids (SC704, SC647,

metabolic processes necessary for germination to

SC260), the second factor was accelerated ageing

occur without germination take place (Parray et

(aged for 0 [non-aged or control], 3 and 6 days)

al. 2019). Furthermore, priming increases the

and third factor was priming by distilled water for

activity of anti-oxidants in seeds (Hsu et al. 2003;

different time periods (0 [non-priming seed or

Bosco de Oliveira et al. 2012; Ghasemi et al.

control], 12 and 24 hours). The hydro-priming

2014). Seed priming enhances the germination

technique used in this study was easy to apply and
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had a low cost. The maize hybrids had different

by the modified formula of Abdul Baki and

growth periods (SC704: late, SC647: medium,

Anderson (1973) and AOSA (1983). Germination

SC260: early). The seeds of maize (Zea mays L.)

index (GI) was calculated according to AOSA

hybrids were procured from Seed and Plant

(1983).

Improvement Institute (SPII), Karaj, Iran. For

obtained as the number of germinated seeds at the

accelerated ageing, the seeds were exposed to a

7th day (ISTA 1999) using the following formula:

o

Germination

percentage

(GP)

was

high temperature of 45 ± 1 C and about 98%

GP= (Ng / Nt) × 100, where Ng is the total

humidity in an airtight desiccator (ISTA 1999).

number of germinated seeds and Nt is the total

The aged seeds were pre-treated by distilled water

number of evaluated seeds.

for 12 and 24 hours at 20 ± 2 oC under dark

Mean

germination

time

(MGT)

was

condition. After drying the seeds for 10 hours at

calculated using the following formula (Bailly et

room temperature, seeds were used for evaluating

al. 2000): MGT= ΣDn / Σn, where n is the number

the germination characteristics and biochemical

of germinated seeds on day D, and D is the

analyses.

number of days from the beginning of emergence.
To measure the biochemical characteristics

Measurement of germination percentage and

such

seedling traits

malondialdehyde concentration in the embryo, 30

50 disinfected seeds were placed in a sterile Petri

seeds were dehydrated for 6 h. After removing the

dish (12 cm diameter) on filter paper. The 5%

seed coat, isolated embryos were rolled in a foil

(w/v) sodium hypochlorite solution (5 min) was

and frozen in liquid nitrogen and stored at –80 oC.

used for disinfecting the seed surfaces. The Petri

For every characteristic, three replications were

o

dishes were put in a growth chamber at 25 ± 2 C

as

antioxidant

enzyme

activity

and

used.

for 7 days in darkness, and distilled water was
added every 24 hours as required. At the final

Determination of antioxidant enzyme activity

count (7th day), all seedlings that showed

10 mg of embryo was grinded in 5 ml of 10 mM

complete morphological parts with no lesions or

potassium phosphate buffer (pH 7.0) containing

defects (normal seedlings), were selected to

4% (w/v) polyvinylpyrrolidone. The homogenate

measure germination characteristics. The normal

was centrifuged at 12,000 g for 30 min at 4 oC and

and abnormal seedlings of maize were detected as

the resultant supernatant was used as enzyme

follows: normal seedlings had healthy roots and

extract.

well-developed

green

leaves,

but

abnormal

Catalase (CAT, EC 1.11.1.6) activity was

seedlings were deformed and had damaged leaf

determined

and coleoptile tip, spiral splitting of coleoptile at

absorbance at 240 nm in 50 mM phosphate buffer

the base and the coleoptile split more than 1/3 of

(pH 7.5) containing 20 mM H2O2. One unit of

the length from the tip (ISTA 2008).

CAT activity is defined as the amount of enzyme

Average seedling length (SL) was measured

by

recording

the

decrease

that uses 1 µmol H2O2 per min (Sinha 1972).

in
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Peroxidase (POD, EC 1.11.1.7) activity was
determined

by

recording

the

increase

in

Results
Germination percentage and seedling traits

absorbance at 470 nm in 50 mM phosphate buffer

ANOVA indicated significant difference between

(pH 7.0) which contained 1 mM guaicol and 0.5

priming treatments (Table 1). Accelerated ageing

mM H2O2. One unit of POD activity is defined as

significantly delayed the onset of germination.

the amount of enzyme that results in an increase

Thus, the lowest GP was observed for the 6-day

in absorbance of 0.01 per min (Chance and

ageing treatment, and the highest GP was

Maehly 1995).

observed in the seeds without ageing (Figure 1).

Glutathione reductase (GR, EC 1.6.4.2)

The germination ability of the seeds after

activity was determined by the method of Foyer

priming is shown in Figure 1. The priming of

and

maize

Halliwell

(1976).

The

assay

medium

seeds

by

water

affected

seedling

contained 0.5 mM oxidized glutathione, 0.025

characteristics. The 24- h prime treatment

mM Na-phosphate buffer (pH 7.8), 0.12 mM

significantly promoted germination of aged seeds

NADPH Na4 and 0.1 ml enzyme extract in a final

in comparison with the control seeds. The

assay volume of 1 ml. NADPH oxidation was

maximum germinability was obtained for seeds of

monitored at 340 nm.

SC704 hybrid that were primed for 24 h (Figure
1). The priming for 12 h also enhanced the

Measurement of malondialdehyde

germination ability of the seeds, although the

concentration

germinability was lower than the priming for 24 h

0.5 g of embryo was homogenized in 5 ml of 1%

(Figure 1).

trichloroacetic acid (TCA) and centrifuged at

Increase in the duration of accelerated

20,000 g for 15 min. Then, 4 ml of 5% (w/v)

ageing, considerably reduced GI of aged seeds

thiobarbituric acid in 20% (w/v) TCA was added

(Figure 2). The lowest GI (Figure 2) and the

to 1 ml of the momogenate. The extraxt was

highest MGT (Figure 3) were observed in the

incubated at 95 oC for 25 min, cooled on ice and

control

centrifuged

germination of aged seeds and germination index

at

16,000

g

for

25

min.

Malondialdehyde (MDA) concentration (mmol
g/FW) was determined by spectrometer at 452 nm
(Heath and Parker 1968).

seeds.

However,

priming

improved

in the studied maize hybrids. The highest GI was
observed in the non-aged seeds of SC704 and
SC647 maize hybrids which were treated for 24 h.
The lowest GI was noticed in the non-primed sixday aged seeds in SC260 hybrid (Figure 2).

Statistical analyses
After analysis of variance (ANOVA), means were
compared by Duncan’s multiple range test at p≤
0.05 using SAS (Ver. 8.0) and MSTAT-C
software. The figures were generated by Excel
software (Ver. 10.0).

However, the results obtained for MGT were
opposite to that of GI. MGT of all maize hybrids
under different priming times increased with
accelerated ageing level (Figure 3).
In general, 6 days of accelerated ageing
showed the lowest normal seedling percentage
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Table 1. Analysis of variance for germination percentage (GP), germination index (GI), mean germination time (MGT),
seedling length (SL) and normal seedling percentage (NSP) of maize hybrids under ageing and different priming
conditions.
SOV
df
Mean squares

Hybrid (H)
Ageing (A)
Priming (P)
H×A
H×P
A×P
H×A×P
Error
CV (%)

2
2
2
4
4
4
8
54
-

GP

GI

MGT

SL

NSP

798 **
25887 **
1298 **
251 **
20.9 **
106 **
15.0 **
2.70
2.47

34.8 **
3937 **
161 **
6.11 *
1.14 ns
0.79 ns
0.803 ns
2.19
7.21

0.506 **
2.270 **
0.319 **
0.199 **
0.119 **
0.061 **
0.096 **
0.009
3.58

151 **
1219 **
8473 **
8.70 **
5.55 *
6.90 *
4.42 *
2.00
6.8

1497 **
28054 **
621 **
188 **
7.51 **
9.99 **
6.30 **
1.41
2.18

ns, *, **not significant and significant at 5% and 1% probability levels, respectively.

Figure 1. Effect of priming and ageing on germination percentage (%) in maize hybrids (SC704, SC647, SC260).
Levels of aging treatments: 0, 3 and 6 days. Priming treatments: unprimed (U), primed by distilled water for 12 hours
(12) and 24 hours (24), respectively. Different letters show significant differences among treatment combinations at 5%
probability level using Duncan’s multiple range test.

(NSP) and SL. The highest NSP and SL were

The highest SL belonged to the control (non-

observed in the non-ageing seeds (Figures 4 and

aged) seeds of SC704, SC647 and SC260 maize

5). As shown in Figure 4, priming treatments (12

hybrids which were primed for 24 h (34.8, 33.9

and 24 h) significantly influenced seedling growth

and 33.7 cm, respectively) and the lowest SL was

and SL in all maize hybrids. However, priming of

observed in the 6- days aged SC260 seeds which

the seeds for 24 h caused the seeds to grew faster

were unprimed (8.1 cm) (Figure 4). As shown in

and accumulate more biomass as compared to 12

Figure

h priming and un-priming treatments.

significantly influenced NSP in all maize seeds.

5,

24

h

water

priming

treatment
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Figure 2. Effect of priming and ageing on germination index in maize hybrids (SC704, SC647, SC260). Levels of aging
treatments: 0, 3 and 6 days. Priming treatments: unprimed (U), primed by distilled water for 12 hours (12) and 24 hours
(24), respectively. Different letters show significant differences among treatment combinations at 5% probability level
using Duncan’s multiple range test.

The highest NSP was in the control (non-aged)

SC260 hybrid which were unprimed (12.4%)

SC704 seeds which were treated for 24 h (94.4%),

(Figure 5).

and the lowest NSP was in 6-days aged seeds of

Figure 3. Effect of priming and ageing on mean germination time (day) in maize hybrids (SC704, SC647, SC260).
Levels of aging treatments: 0, 3 and 6 days. Priming treatments: unprimed (U), primed by distilled water for 12 hours
(12) and 24 hours (24), respectively. Different letters show significant differences among treatment combinations at 5%
probability level using Duncan’s multiple range test.
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Figure 4. Effect of priming and ageing on seedling length (cm) in maize hybrids (SC704, SC647, SC260). Levels of
aging treatments: 0, 3 and 6 days. Priming treatments: unprimed (U), primed by distilled water for 12 hours (12) and 24
hours (24), respectively. Different letters show significant differences among treatment combinations at 5% probability
level using Duncan’s multiple range test.

Figure 5. Effect of priming and ageing on normal seedling percentage (%) in maize hybrids (SC704, SC647, SC260).
Levels of aging treatments: 0, 3 and 6 days. Priming treatments: unprimed (U), primed by distilled water for 12 hours
(12) and 24 hours (24), respectively. Different letters show significant differences among treatment combinations at 5%
probability level using Duncan’s multiple range test.

Biochemical and antioxidant enzymes activity

for POD and GR activity and MDA concentration.

Table 2 shows the significant effects of ageing

Interactions of hybrid × priming, ageing ×

and priming on the activity of CAT, POD and GR

priming and hybrid × ageing × priming were only

and MDA concentration. The effect of hybrid and

significant for Gr. In general, accelerated ageing

hybrid × ageing interaction was also significant

reduced CAT, POD and GR activities (Figures 6-

24
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8). After priming, CAT activity strongly changed

activity decreased during priming and had 14.2

in aged seeds. Priming of seeds for 24 h decreased

and 34.0% lower activity at 12 and 24 h priming,

CAT activity which were aged for 6 days. These

respectively than in unprimed seeds.

results showed that seed priming with water

POD and GR activity was higher in water

altered the antioxidant activity (Figure 6). CAT

primed seed than in non-primed seed (Figures 7

Table 2. Analysis of variance for catalase (CAT), peroxidase (POD) and glutathione reductase (GR) activities and
malondialdehyde (MDA) concentration of maize hybrids under different ageing and priming conditions.
SOV
df
Mean squares

Hybrid (H)
Ageing (A)
Priming (P)
H×A
H×P
A×P
H×A×P
Error
CV (%)

2
2
2
4
4
4
8
54
-

CAT
0.31ns
669**
12372**
1.27ns
1.66ns
191.6ns
0.846ns
89.9
9.02

POD
4332**
97716**
6983**
694**
40.0ns
36.5ns
23.6ns
164.2
6.79

GR
406**
3181**
1946**
114**
17.5**
31.8**
12.6**
4.07
5.45

MDA
0.884**
15.0**
5.51**
0.216*
0.037ns
0.061ns
0.013ns
0.06
7.29

ns, *, **not significant and significant at 5% and 1% probability levels, respectively.

and 8). POD and GR activity had 10.4 and 30.1%

decreased slightly with increased level of priming,

as well as 18.7 and 59.6% higher activity in 12

so that the soaking of seeds for 24 h in water

and 24 h priming, respectively, as compared to

exhibited the highest effective duration for seed

unprimed seeds (Figures 7 and 8). Therefore,

priming (Figure 9).

priming

significantly

improved

the

studied

The combination of ageing and priming on

enzymes activity. The highest POD and GR

maize hybrid seed showed the minimum MDA

activity was observed in un-aged SC704, SC647

concentration in the non-aged seeds which were

and SC260 hybrids at 24 h priming and the lowest

treated for 24 h, independent of hybrid varieties.

POD and GR activity was obtained in 6-days aged

The highest MDA concentration was observed in

SC260 seeds in the non-priming condition

the 6-days ageing seeds in the unprimed SC260

(Figures 7 and 8). Our findings showed that CAT,

maize hybrid (Figure 9).

POD and GR activity reduced by increasing of the
aging period (Figures 6 to 8).

Discussion

As shown in Figure 9. Accelerated ageing

The results showed that seed ageing additionally

resulted in a marked increase in the MDA levels,

affected all traits under investigation (Figures 1 to

whereas priming of aged seeds decreased the

9). Also hydro-priming significantly improved the

levels of MDA, indicating a fall in lipid

germination characteristics of aged maize seeds.

peroxidation processes. The MDA concentration

These

results

are

in

concordance

with

Responses of germination characteristics and antioxidant enzymes activity…
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Figure 6. Effect of priming and ageing on catalase (CAT) activity in maize hybrids (SC704, SC647, SC260). Levels of
aging treatments: 0, 3 and 6 days. Priming treatments: unprimed (U), primed by distilled water for 12 hours (12) and 24
hours (24), respectively. Different letters show significant differences among treatment combinations at 5% probability
level using Duncan’s multiple range test.

Figure 7. Effect of priming and ageing on peroxidase (POD) activity in maize hybrids (SC704, SC647, SC260). Levels
of aging treatments: 0, 3 and 6 days. Priming treatments: unprimed (U), primed by distilled water for 12 hours (12) and
24 hours (24), respectively. Different letters show significant differences among treatment combinations at 5%
probability level using Duncan’s multiple range test.
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Figure 8. Effect of priming and ageing on glutathione reductase (GR) activity in maize hybrids (SC704, SC647,
SC260). Levels of aging treatments: 0, 3 and 6 days. Priming treatments: unprimed (U), primed by distilled
water for 12 hours (12) and 24 hours (24), respectively. Different letters show significant differences among
treatment combinations at 5% probability level using Duncan’s multiple range test.

Figure 9. Effect of priming and ageing on malondialdehyde (MDA) concentration in maize hybrids (SC704,
SC647, SC260). Levels of aging treatments: 0, 3 and 6 days. Priming treatments: unprimed (U), primed by
distilled water for 12 hours (12) and 24 hours (24), respectively. Different letters show significant differences
among treatment combinations at 5% probability level using Duncan’s multiple range test.

those of Lehner et al. (2008), Sedghi et al. (2010)

seed vigor better than regular germination test. In

and Ansari et al. (2013). Woltz and Tekrony

maize, the low shoot and root growth of aged

(2001) and Goodarzian Ghahfarokhi et al. (2014)

seeds was found to be the result of reduced cell

showed that the accelerated aging may foretell

expansion. Bingham and Merritt (1999) showed
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that ageing decreased cell expansion higher than

lower CAT activity. The activity of this enzyme is

cell division. Sveinsdottir et al. (2009) stated that

a good indicator of seed storability condition.

germination of maize seeds was reduced from 100

However, in our study, accelerated aging reduced

to 70% and 40% after 24 and 72 h of ageing,

the activity of CAT enzyme and activity of this

respectively. According to McDonough et al.

enzyme did not improve by priming (Figure 6).

(2004), ageing reduced the hardness and density

This is probably due to the aggravated and

of maize seeds due to the development of voids

damaging effects of accelerated aging on the

and cracks. They also reported a reduction in

structure

soluble proteins due to the increase of insoluble

deformation

proteins during ageing process.

antioxidant enzymes. Khamadi et al. (2017) stated

of

protein
of

and

structure

ultimately
and

function

the
of

Our results showed that priming stimulated

that the effect of hydro-priming with different

seedling growth (Figures 1 to 5), possibly by

durations was not significant on the activity of

accelerating several developmental stages. Basra

catalase enzyme, but increased the activity of

et al. (2003), Farooq et al. (2006), Aloui et al.

APX enzyme in the seeds.

(2014) and Yan (2015) suggested that priming had

MDA concentration enhanced significantly

positive impact on germination characteristics.

with increased ageing level (Figure 9). MDA is

Van Pijlen et al. (1995) reported that osmo-

produced by peroxidation of cell membrane.

priming partially alleviated the adverse effect of

Changes in lipid peroxidation are regarded as an

ageing on the quality of seedlings in tomato seeds.

important sign of oxidative damage in plants (Del

The improvement in seedling growth of aged

Rio et al. 2006). Tahmasbi et al. (2015) suggested

seeds by priming was related to higher GR and

that increased levels of fatty acids and lipid

POD and lower CAT activities (Figures 6 and 8).

hydroperoxides

Increasing the activity of antioxidant enzymes

indicated

(POD, GR, etc.) leads to the removal of ROS and

witnessed by increased MDA concentration and

reduces damage to cell membranes. Similar

electrical conductivity. Several researchers have

results were also reported by Lehner et al. (2008),

also reported that seed ageing increased cell

Sedghi et al. (2010), Siadat et al. (2012), Ansari et

membrane damage and instability (Ghassemi-

al. (2013) and Yan (2015). Wattanakulpakin et al.

Golezani et al. 2010; Siadat et al. 2012; Ansari et

(2012) and Ghasemi et al. (2014) reported that

al. 2013; Ghasemi et al. 2014; Shaban et al.

hydro-priming improved seed germination in aged

2018). On the other hand, priming of aged seeds

maize and wheat seeds and possibly was linked to

restored somehow the initial germination potential

increased activity of SOD, POD and APX

and resulted in a marked decrease in the MDA

enzymes. Shaban et al. (2018) showed that ageing

level, indicating a fall in lipid peroxidation

changed activity of CAT, POD, APX, SOD and

processes (Figure 9). It has been demo that the

GR enzymes. Seeds with higher CAT activity

reduction of MDA content due to seed priming

during aging performed better than the seeds with

may be associated with a further increase of

during

damage

to

seed

deterioration

cellular

membranes
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(Chiu

et

al.
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2006).

results suggest that priming is an efficient

Demirkaya et al. (2010) indicated that reduction

approach for imparting tolerance in maize against

in enzyme activity in the seed decreases the

ageing.

respiratory potential of seeds and consequently
lowers the energy and assimilates supply of the

Conclusions

germination seed. Therefore, we may state that

In

changes in the enzyme activity might decrease the

considerably improve the growth ability of aged

germination ability of the seeds. Damage to the

seeds. Seed soaking of maize by water might

constructive enzymes, cell membranes injury, and

reduce the damage imposed by storage conditions.

loss of membrane integrity could be the result of

In general, the best germination characteristics

unfavorable changes in protein synthesis during

and antioxidant enzyme activity were obtained in

the germination process (Gidrol et al. 1990),

the non-aged seeds which were treated for 24 h,

which might contribute to abnormal growth,

and the worst condition was observed after six

delayed germination and loss of germination

days of ageing in the nonprime seeds. The results

ability (Ellis and Roberts 1981; Yeh and Sung

suggest that the antioxidant defense system may

2008; Yan 2015).

have an important impact on seed vigor.

conclusion,

the

hydro-priming

may

Improvement in the uniformity and rate of

Therefore, soaking of the seeds for 12 and 24

germination has been reported after seed priming

hours in water can be regarded as a good hydro-

(Roberts 1973; Narayana Murthy et al. 2003;

priming treatment to improve germination and

Bosco de Oliveira et al. 2012). Priming duration

growth ability of aged maize seeds under

had a significant influence on the growth

unfavorable storage conditions.

characteristics, with the highest improvement
achieved with 24 hours of priming (Figures 1 to
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پاسخ خصوصیات جوانه زنی و فعالیت آنزیمهای آنتی اکسیدان به سطوح مختلف هیدروپرایم و پیری
بذر در سه هیبرید ذرت ()Zea mays L.
3

مریم گودرزیان گهفرخی ،*1بابک درویشی 2و مجید عبدلی
 -1گروه زراعت و اصالح نباتات ،دانشکده کشاورزی ،دانشگاه شهید چمران اهواز ،اهواز.
 -2موسسه تحقیقات ثبت و گواهی بذر و نهال ،سازمان تحقیقات ،آموزش و ترویج کشاورزی ،کرج.
 -3باشگاه پژوهشگران جوان و نخبگان ،واحد زنجان ،دانشگاه آزاد اسالمی زنجان ،زنجان.
*مسئول مکاتبه؛ E-mail: goodarzian98@gmail.com
چکیده

نگهداری بذر در شرایط نامطلوب رطوبت و دمای باال بسیار دشوار است که باعث کاهش بنیه بذر و یا زنده مانی بذر میشود .آزمایش حاضر به منظور بررسی
فعالیت آنزیم های آنتی اکسیدان و خصوصیات جوانه زنی پس از پیری روی بذور ذرت ( )Zea mays L.در آزمایشگاه تحقیقاتی دانشگاه رازی ،کرمانشاه ،انجام
شد .آزمایش به صورت سه فاکتوره در قالب طرح کامالً تصادفی با سه تکرار انجام شد که در آن سه هیبرید ذرت ( )SC260 ،SC647 ،SC704و سه سطح
زوال تسریع شده بذر (بدون زوال (سالم) ،زوال مصنوعی بذر به مدت  3و  6روز در دمای  45درجه سانتیگراد و رطوبت نسبی  98درصد) استفاده شد.
هیدروپرایمینگ با مدت زمان مختلف (صفر 12 ،و  24ساعت) اعمال شد .نتایج نشان داد که خصوصیات جوانه زنی بذر ذرت به طور معنیداری تحت تأثیر مدت
زمان پرایمینگ قرار گرفت .معیارهای جوانه زنی بذور زوال یافته به طور معنیداری در اثر هیدروپرایمینگ به خصوص به مدت  24ساعت افزایش یافت .بیشترین
میزان خصوصیات جوانه زنی و طول گیاهچه در بذور سالم (بدون زوال) که به مدت  24ساعت پرایم شده بود به دست آمد .کمترین میزان جوانه زنی پس از 6
روز اعمال پیری درحالت بدون پرایمینگ حاصل شد .فعالیت کاتاالز ،پراکسیداز و گلوتاتیون ردوکتاز و غلظت مالون دی آلدئید ( )MDAدر بذور زوال یافته با
هیدروپرایمینگ بهبود یافت .در واقع میزان  MDAکه وابسته به پیری است با اعمال پرایم کاهش یافت .نتایج نشان میدهد که هیدروپرایمینگ میتواند زوال
بذر را بهبود بخشد.
واژههای کلیدی :پیش تیمار؛ خصوصیات رشدی گیاهچه؛ زوال بذر؛ صفات بیوشیمیایی؛ هیبریدهای ذرت

