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ABSTRACT 
To examine the effect of priming and aging on the activity of antioxidant enzymes, mobility and use efficiency of 

seed reserves in French bean, a factorial experiment was performed in a completely randomized design with three 

replications. Treatments included aging (control without aging, 88% and 78% of germination of control) and 

priming (control, hydro-priming, priming by gibberellin and salicylic acid). The results showed that aging reduced 

germination percentage. Priming reduced the effect of aging and improved germination percentage. By increasing 

aging, seed reserves use efficiency (SRUE), seed reserves remobilization efficiency (SRRE) and fraction of used 

seed reserves (FUSR) were reduced, but respiration index (SR) and residual seed dry weight (RSDW) were 

increased. SRUE reduction was about 30% compared to the control treatment of aging and seed SR in gibberellin 

pre-treatment was higher about 24% compared to the control treatment without priming. The total seed protein 

content in gibberellin pre-treatment and without aging was increased about 32 percent. The peroxidase activity in 

gibberellin treatment and 88% aging level compared to the control showed an increase about 57%. The most 

superoxide dismutase activity (SOD, 175.2 unit mg-1 protein) was observed in priming with salicylic acid and 88% 

aging level. The maximum amount of malondialdehyde (MDA, 1.46 mmol g-1 FW) was related to the treatment with 

no priming and 78% aging level. In general, using gibberellin pre-treatment strengthened weak bean seeds 

physiologically and the treatment can be used to increase weak seed vigor. 
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INTRODUCTION 

 

 French bean (Phaseolus vulgaris L.) is an annual plant belongs to the Fabaceae family [3, 

24]. Seed aging is a physiologic phenomenon that starts gradually after seed physiological 

maturity and in post-harvest period under undesired conditions of seed storage and destroys the 

structure of DNA and ribosomal RNA [18]. One of the ways that solve the problem of seeds' 

poor germination is seed pretreatment before planting that is called priming. Priming stimulates 

synthesis and initial activation of hydrolytic enzymes such as alpha and beta-amylase [8]. 

Priming increases the activity of antioxidant enzymes such as catalase and peroxidase in seeds 

that the enzymes reduce the activity of lipid peroxidation during germination, resulting in 

increased germination percentage [19, 20]. Totally, priming caused the uniformity of 

germination and better seedling development however, as a negative side effect it reduced seed 

life span [6]. In the early days of aging, seed antioxidant enzymes are increased, but with the 

progress of aging they lose the ability to defend and their content is reduced [11]. The purpose of 

this study was to examine bean seed biochemical changes in response to aging and determining 

the priming role in the improvement of weak bean seed. 



 

2 

 

 

  
MATERIALS & METHODS 

 

 To examine the effect of seed priming and aging on the activity of antioxidant enzymes 

and mobility of bean seed reserves, a factorial experiment was performed as a completely 

randomized design with three replications. Experimental treatments included no priming (as 

control), hydro-priming, priming by gibberellin (20 mg lit-1) and salicylic acid (100 mg lit-1). To 

apply aging, the seeds of bean were put at 40 °C and relative humidity of 95±2%. On a daily 

basis, the seeds were put outside and germination test was performed until germination of seeds 

was reached to 88 and 78%. Then, aged seeds with the control were put in priming solutions for 

24 h. After priming, the seeds were washed by distilled water several times. Germination test 

was conducted using paper towels in three replications of 50 seeds at 25 ° C for seven days [10]. 

To determine antioxidant enzymes' activity in bean, seedlings were grown in germinator at 25 ° 

C using paper towels and few seedlings from each treatment were randomly selected, then put in 

aluminum foil, and were transferred to a freezer at a temperature of -70±2 °C until the enzyme 

extraction. 

Catalase activity was measured based on Aebi [1], peroxidase activity according to 

Macadam et al. [16], superoxide dismutase activity was measured by Giannopolitis and Ries [9] 

method. Malondialdehyde content was measured using McCue and Shetty [17] method. Protein 

content in plant samples was measured by Kjeldahl method. Mobilized reserves indices 

including seed reserves using rate (SRUR, mg seed-¹), seed reserves use efficiency (SRUE, mg 

mg-¹), seed reserves remobilization efficiency (SRRE), fraction of used seed reserves (FUSR) 

and seed respiration (SR) were calculated by the formulas given by Soltani et al. [23] and Sedghi 

et al. [22]. 

Statistical analyses: The data obtained were examined for normality and then, analysis of 

variance was performed using software SAS9.1. Means were compared using Duncan test at 5% 

probability level. 

 

RESULTS AND DISCUSSION 

 

 According to analysis of variance table (not shown), the study results showed that the 

interaction between aging and priming was significant on protein content, superoxide dismutase, 

peroxidase and lipid peroxidation (MDA) and the simple effects of treatments were significant 

on germination percentage, SRUR, SRUE, SRRE, FUSR, SR, RSDW, and catalase. 

Germination percentage: The highest germination percentage was observed in pretreatment of 

gibberellin (91.33%) and the lowest was in the control (84.55%) and this trait was reduced by 

aging severity. So that the highest germination percentage was in the control group (without 

aging) (96.16%) and the lowest was in the third aging level (78.25%) (Tables 1 and 2). 

 

Seed reserves using rate (SRUR): The highest amount of SRUR (14.23 mg seed-1) was in the 

pretreatment of gibberellin and the lowest value (10.92 mg seed-1) observed in the control 

(without priming) (Table 1). 
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Seed reserves use efficiency (SRUE): By increasing aging severity, SRUE was reduced. So that 

the highest SRUE (1.33 mg mg-1) was in the control (without aging) and the lowest SRUE (0.93 

mg mg-1) was in the 78% aging level (Table 2). 

 

Seed reserves remobilization efficiency (SRRE): Aging reduced SRRE so that the highest 

SRRE (0.10 g g-1) was in the control and the lowest SRRE (0.084 g g-1) was in the 88% aging 

level (Table 2). 

 

Fraction of used seed reserves (FUSR): The highest FUSR (0.68 mg mg-1) was in gibberellin 

pretreatment and the lowest FUSR (0.54 mg mg-1) was in without priming. FUSR was reduced 

with increasing severity of aging. So that the lowest FUSR (0.6 mg mg-1) was related to 78% 

aging level (Tables 1 and 2). 

 

Seed respiration index (SR): The highest SR (13.09 mg) was in gibberellin pre-treatment and 

the lowest SR (9.99 mg) observed in without priming. With increasing aging, the seed 

respiratory rate was increased (Table 1). 

 

Protein content: The highest protein content (197.90 mg g-1) was related to gibberellin pre-

treatment without aging and the lowest protein (135.33 mg g-1) was without priming with 78% 

aging level (Table 3). 

 

Residual seed dry weight (RSDW): The highest RSDW (8.87 g) was in the control (no 

priming) and the lowest RSDW (6.48 g) was in gibberellin pre-treatment. RSDW was increased 

with increasing severity of aging. So that the highest RSDW (8.03 g) was in 78% aging level and 

the lowest RSDW (7.15 g) was in non-aged seeds (Tables 1 and 2). 
 

Tabel 1. Mean Comparison for the Effect of Priming on Studied Traits in French bean 

 

Tabel 2. Mean Comparison for the Effect of Aging on Studied Traits in French bean  

 
Superoxide dismutase activity (SOD): The highest SOD activity (175.20 units mg-¹ protein) 

was in salicylic acid pretreatment with 88% aging level and the lowest activity of SOD (140.00 

units mg-¹ protein) was in the treatment without priming with 78% aging level (Table 3). 

 

Catalase activity (CAT): The highest CAT (56.97 units mg-¹ protein) was in gibberellin 

pretreatment and the lowest (45.28 units mg-¹ protein) was in no priming and CAT activity was 

CAT (units mg-1 protein) RSDW (g) SR (mg) FUSR (mg mg-1) SRUR (mg seed-1) GP (%) Priming 

50.066 c 7.666 b 11.656 b 0.623 b 12.708 b 88.000 b Hydro (HY) 

54.366 b 7.366 c 11.684 b 0.631 b 12.750 b 86.222 c Salicylic acid (SA) 

56.977 a 6.488 d 13.090 a 0.686 a 14.232 a 91.333 a Gibberellin (GA3) 

45.289 d 8.877 a   9.994 c 0.549 c 10.925 c 84.555 d Control 

CAT (units mg-1 protein) RSDW (g) FUSR   (mg mg-1) SRRE (g g-1) SRUE (mg mg-1) GP (%) Aging 

56.908 a 7.158 c 0.628 a 0.105 a    1.332 a         96.166 a Control 

52.208 b 7.608 b 0.637 a 0.084 b 1.007 b  88.166 b %88 

45.908 c 8.033 a 0.602 b 0.086 b 0.931 b 78.250 c %78 
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reduced with increasing aging. The highest CAT (56.90 units mg-¹ protein) was in no aging and 

the lowest (45.90 units mg-¹ protein) was in 78% aging level (Tables 1 and 2). 

 

Peroxidase activity (POX): The highest POX activity (64.56 units mg-¹ protein) observed in 

gibberellin pretreatment with 88% aging level and the lowest was (27.80 units mg-¹ protein) in 

without priming with 78% aging level (Table 3). 

 

Lipid peroxidation (MDA content): The highest MDA (1.46 mM g-1 FW) was in the treatment 

without priming with 78% aging level and the lowest (0.74 mM g-1 FW) was in gibberellin 

pretreatment and without aging (Table 3). 

 
 

Tabel 3. Mean Comparison for the Interaction Effect of Aging and Priming on Antioxidant Enzymes and Protein 

Content in French bean 

 

 

            It seems, the cause of high germination percentage is treating the seeds with gibberellin 

and the release of enzymes decomposing carbohydrates and proteins in the seed [5]. If the seeds 

in less time can have a higher germination percentage have higher germination rate. The SRUR 

comes from the difference between the initial dry weight and dry weight of residual seed and 

suggests the use of the seed reserves in respiration that finally it appears as the seedling dry 

weight. In other words, if the seedling dry weight of the seed is higher, reserves' respiratory loss 

will be less and efficiency of converting it into building materials will be more. Increased SRUR 

due to priming with gibberellin can be due to increased gibberellin activity in the process of 

germination. Soltani et al. [23] stated that likely with reducing the level of gibberellin during the 

germination of wheat seeds, SRUR and FUSR is reduced. The results of this study showed that 

aging led to increased respiration and respiration also led to food supply loss. What is certain is 

that the seed after absorbing water and germination before photosynthesis uses materials stored 

within itself. Hormones and enzymes' secretion in the seed leads to decomposing and dissolving 

materials stored in the seed including starch and through which needed energy for radicle and 

plumule is provided. Respiration and consumption of reserves in the seeds reduce the total dry 

weight of biomass [2]. During priming the seed passes the 1st and 2nd phases of water uptake 

MDA (mmol g-1 FW) POX (units mg-1 protein) SOD (units mg-1 

protein) 

Protein (mg g-1) Priming 

0.820 fg               47.966 e           157.000 de 174.067 d A1P1 

 0.790 hg               53.566 c           164.433 c 183.967 c A1P2 

                0.740 h               62.466 b 168.933 b 197.900 a A1P3 

                0.980 c               42.933 f   156.300 de         161.000 f A1P4 

 0.940 cd               44.133 f  165.033 c 152.000 g A2P1 

  0.860 efg               54.833 c  175.200 a 165.233 e A2P2 

  0.803 hfg               64.566 a  174.500 a 188.100 b A2P3 

                1.246 b   34.700 h      146.700 f 148.233 h A2P4 

   0.923 ecd 40.200 g     149.333 f         145.100 i A3P1 

 0.940 cd  48.100 e      153.400 e 151.767 g A3P2 

0.873 ef 50.700 d     158.567 d 172.133 d A3P3 

                1.466 a                27.800 I     140.000 g         135.333 j A3P4 

P1: hydro-priming; P2: salicylic acid; P3: gibberellin; P4: control; A: without aging; A2: aging 88%; A3: aging 78% 
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curve. Through this, enzymes involved in germination were activated and seeds' stored materials 

were dissolved that can be the cause of increased dissolved protein in primed seeds. Reduced 

dissolved protein of the seed can be due to protein denaturation through Maillard and Amadori 

reactions and increased activity of superoxide dismutase [12] as well as due to the reduced 

amount of ATP during the seed aging. 

            Priming with increasing antioxidant enzymes' activity increased and improved 

germination indices that the enzymes reduced lipid peroxidation activity during germination and 

then increased germination percentage [4]. Priming by reducing side effects of aging leads to the 

restoration of the genes' expression related to antioxidant enzymes' activity. Seed antioxidant 

enzymes are increased in the early days of aging, but with the progress in aging they lose ability 

to defend and their amount is reduced [11]. increased antioxidant enzymes' activity due to using 

gibberellin can be caused by increased induction of gene transcription, the enzyme protein 

synthesis and/ or changes after translating existing enzymes' protein. The beneficial effects of 

priming are related to restructuring and accumulation of nucleic acids, protein synthesis and 

regeneration of membranes. Due to improved activity of some enzymes in seeds [8, 14] the 

availability of reserves during germination in primed seeds is easier, the seeds are better able to 

complete the process of germination in short time and tolerate environmental stress well [13]. 

The cause of increased activity of antioxidant enzymes under stress due to priming effect can be 

due to the construction of DNA in embryo in the absence of dividing cells during priming and 

then increased DNA synthesis rate in embryo tissue. According to Davison et al. [7], priming can 

repair damages of rRNA and the system is maintained, even in primed and dried seeds. Wahid et 

al. [25] stated that positive effects of priming are caused by de novo synthesis of proteins, 

improvement of repair mechanisms and germination precursors. Leprince et al. [15] believe that 

the accumulation of free radicals and lipid peroxidation during the hydration and dehydration 

cycle are the main reasons for decreasing longevity of primed seeds. Changes in the structure of 

the membrane due to the membrane lipids' peroxidation damage the membrane and increase its 

permeability to protons and other ions. The sum of these events includes the release of 

intercellular content. Sairam et al. [21] believe that when the antioxidant defense is reduced and/ 

or the formation of free radicals is increased oxidative stress occurs that can lead to peroxidation 

of unsaturated fatty acids, lipid membranes' damage, then the production of various aldehydes, 

such as malondialdehyde. 

 
CONCLUSION  
 

According to the results of this study, despite salicylic acid contributed to germination and 

growth of aged seedlings, but the effect of using gibberellin was more than this hormone. Thus, 

in aged bean seeds gibberellin pretreatment can be used to strengthen the vigor of the seed. 
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