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Abstract—Seed aging or deterioration is considered as one of the seed capacity reducing factors and limiting
seed germination, hence, realizing the effective physiological factors on seed deterioration is very important.
In order to study the germination indices and enzymatic and non-enzymatic antioxidants in wheat ( 7riticum
aestivum L. cv. Pishtaz) seed as affected by accelerated seed aging and gibberellic acid (GA;3) priming, a lab-
oratory experiment was conducted in Ferdowsi University of Mashhad, Mashhad, Iran, during 2017—2018.
For this purpose, different levels of seed aging (100% relative humidity at 40°C for 4, 6 and 7 days, respec-
tively) and GA;-primed seeds (0, 25, 50 and 100 mg/L) were the first and second experimental factors,
respectively. The results indicated that seed germination percentage and indices, superoxide dismutase and
ascorbate peroxidase activities, vitamin E, glutathione and ascorbic acid contents were reduced with severe
deterioration, compared with low deterioration, whereas, the mentioned traits were improved by increasing
the levels of GA; seed priming. Overall, the results of this experiment suggest that the GA;-primed seed can
be an effective approach to improve the seed germination and seedling growth in wheat under aging condi-
tions.
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INTRODUCTION

Seeds are often stored for a few days, weeks, months
or even years close to the time of their deteriorations as
they often are not planted immediately after harvest [1].
Long term storage imposes the reduction or loss of the
seed vigor and low temperature and moisture result in
commercial and genetic losses. Due to the role of tem-
perature and moisture in accelerating seed deteriora-
tion, they are considered as determinative factors in the
storage longevity of seeds [2].

To consider the main influencing factors in seed
storage capacity, it can be referred to high tempera-
ture, ambient relative humidity and seed moisture
content [3]. Accordingly, the vigor index as the first
component of seed quality would be lost during dete-
rioration and followed by the loss of germination
capacity and viability.

Seed aging mechanisms at the time of storage were
used to manipulate the rate of aging when exposing
seeds to age-accelerating conditions. Genetic degra-
dation, reduced respiration, loss of membrane integ-

rity and enzyme degradation, are considered as the
main physiological changes of seed deterioration [4].
In fact, what occurred at the time of aging is consid-
ered as seed deterioration and plentiful cellular and
biochemical changes such as loss of membrane integ-
rity, impairment of RNA, protein syntheses and DNA
degradation [1]. On the other hand, due to the long
process of natural aging in the seeds, artificially accel-
erated aging is considered as an alternative method to
predict biochemical mechanisms. In this regard, dis-
ruption in anti-oxidative systems is known as the main
results of aged seeds in higher plants [5].

Generally, seed priming with plant hormones such
as gibberellic acid (GA;) is considered as a practical
approach for better seedling establishment, especially
under stressful conditions [3]. However, GA; function
has not been well understood in terms of its effects on
enzymatic reactions, especially during the accelerated
seed aging process. Therefore, the current study was
aimed to investigate the effect of seed deterioration on
germination indices and enzymatic and non-enzy-
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Table 1. Analysis of variance on studied traits of wheat seed

959

Source of variation GP Gl CAT APX SOD AA GSH o-tocopherol
Seed deterioration (D) ok ** ** ok *ok ok *oK *E
D X G k3K kk sk kk K3k kk kk k3K
CV, % 6.19 6.75 6.52 5.23 3.62 0.85 3.94 1.98

GP—germination percentage; GI—germination index; CAT—catalase; APX—ascorbate peroxidase; SOD—superoxide dismutase; AA—

ascorbic acid; GSH—glutathione. ** Significant at P < 0.01.

matic antioxidants activities in wheat. Moreover, the
effect of GA;-primed seeds on the mentioned traits
and determining the best level were studied.

MATERIALS AND METHODS

Experiments layout and seed material. The study
was conducted as a laboratory experiment based on a
completely randomized design arranged in factorial
with four replications at Faculty of Agriculture, Fer-
dowsi University of Mashhad, Iran during 2017—2018.
Different levels of seed aging (4, 6 and 7 days) and
GA;-primed seeds (0, 25, 50 and 100 mg/L) were the

first and the second experimental factors, respectively.

The wheat seeds ( Triticum aestivum L. cv. Pishtaz)
were acquired in the Research Center for Plant Sci-
ences, Ferdowsi University of Mashhad, Iran. The
seeds were produced in 2016, with the germination of
98%.

Accelerated aging and standard germination tests.
First, wheat seeds were sterilized for 1 min with
1% sodium hypochlorite and then washed with dis-
tilled water. In order to evaluate seed vigor, an acceler-
ated aging test was set according to Bai and Tang [6].
Wheat seeds were placed in some plastic boxes with
100% humidity and 40°C for 4 (low deterioration),
6 (medium deterioration) and 7 days (severe deterio-
ration). After aging treatments, the samples were
placed in a laboratory temperature (25 = 1°C for 24 h)
to reach the initial moisture content (about 15%). Due
to the high initial germination percentage in the pro-
vided seeds, the non-deterioration treatment was
ignored. In the next step, treated seeds were primed
with GA; at 25 = 1°C for 24 h and then dried under
same conditions.

After performing the accelerated aging test, 50 seeds
from each treatment were germinated (on Whatman
filter paper no. 1 in 9 cm Petri dishes) in a germinator
at 20°C for 7 days. The germinated seeds (with 2 mm
radicle growth) were counted daily. Then, weighted
germination index (WGI) was calculated according to
following equation [7]:

WGI = (7m +6ny +...+ ;) /(TX N),

where n,—n,—number of germinated seeds from the
first to seventh day; N—the total number of seeds per
Petri dish.
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Antioxidant enzymes activity. In order to extract anti-
oxidative enzymes, 0.5 g of deteriorated seeds were
homogenized with 10 mL of 1 mM K,HPO,-NaH,PO,
buffer (pH 7.4). The homogenate was centrifuged at
12000 g for 24 min and enzyme activities were deter-
mined by using the resulted supernatant. The whole
extraction procedure was carried out at 4°C [8]. Eval-
uation of SOD activity was done by measuring its abil-
ity to prevent photochemical reduction of nitroblue
tetrazolium based on Stewart and Bewley [9]. In accor-
dance with Chandlee and Scandalios [10] method,
due to the reduction of H,0, extinction, the activity of
CAT was measured at 240 nm as the reduction of absor-
bance. As ascorbate was oxidized, APX activity was
measured at 290 nm by reduction of absorbance [11].

Non-enzymatic antioxidants determination. Vita-
min E (tocopherol), reduced glutathione (GSH), and
ascorbate (vitamin C) were determined according to
Desai [12], Ellman [13], and Himesh et al. [14],
respectively. The content of non-enzymatic antioxi-
dants was calculated using the standard curve.

Statistical analysis. All data were subjected to analysis
of variance (ANOVA) using Minitab software (Minitab
Inc., State College, PA, United States). Means were com-
pared with Tukey test at 5% probability level (P < 0.05).

RESULTS
Wheat Seed Vigor due to Artificial Aging

According to the results, the individual effects of
seed deterioration and GA; priming were significant
on all seed indices. In addition, interactions between
experimental factors were significant on these vari-
ables (Table 1).

As can be seen from Fig. 1, the germination per-
centage and germination index were significantly
reduced when the accelerated aging test was per-
formed. For instance, germination percentage
decreased by 93.9% with severely deteriorated seeds,
compared with low deteriorated seeds. Nonetheless,
the application of GA; at 25, 50 or 100 mg/L signifi-
cantly increased germination percentage at the low and
medium deterioration levels (Fig. 1a). Moreover, the
same trend was also observed for germination index.
The highest value was obtained from 100 mg/L GA,
(Fig. 1b).
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Fig. 1. Interaction effects of seed deterioration and GA3 priming on germination percentage (a) and germination index (b). The
same letters are not significantly different at P < 0.05 (Tukey test). The non-deterioration of seed is ignored.

Assay of Antioxidant Enzymes Activity
in Wheat Seeds after Artificial Aging

Increase in seed aging severity significantly
decreased CAT, APX and SOD activity (Figs. 2a—2c).
For instance, under severe seed deterioration, in com-
parison with low seed deterioration, CAT and APX
activity decreased by 59.8 and 56.1%, respectively. By
contrast, GA; application mitigated the adverse effect
of seed deterioration on CAT, APX and SOD activity.
For example, under severe seed deterioration, applica-
tion of 100 mg/L GA; increased CAT, APX and SOD
activity by 61.5, 32.6 and 6.4%, respectively, compared
with control (no GA; application) (Figs. 2a—2c).

Non-enzymatic Antioxidants
in Wheat Seeds after Artificial Aging

According to the results, the increase in seed dete-
rioration severity significantly decreased AA, GSH

RUSSIAN JOURNAL OF PLANT PHYSIOLOGY  Vol. 66

and a-tocopherol content. However, GA; seed prim-
ing alleviated the negative effect of seed deterioration
on mentioned indices (Figs. 3a—3c). For instance,
when GA; at 100 mg/L was applied on severely deteri-
orated seeds, AA, GSH and o-tocopherol content
increased by 5.7, 44.3 and 21.6%, respectively, com-
pared with control (no priming).

At the low, medium and severe seed aging levels,
CAT, APX, and SOD activity showed a strong positive
correlation with germination index (Figs. 4a—4c).
Furthermore, there was a similar correlation between
AA, GSH and a-tocopherol content with germination
index (Figs. 4d—4f). For instance, under severe seed
deterioration, R?-values for AA, GSH and o-tocoph-
erol content were recorded as 99, 91 and 97%, respec-
tively. Nonetheless, the severity of seed deterioration
caused a slight impact on R2-values, with a variation
range between 87—99% in all correlations (Figs. 4a—4f).
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Fig. 2. Interaction effects of seed deterioration and GA; priming on CAT (a), APX (b) and SOD (c) activity. The same letters are
not significantly different at P<0.05 (Tukey test). The non-deterioration of seed is ignored. CAT—catalase, APX—ascorbate per-
oxidase, SOD—superoxide dismutase.

DISCUSSION age in comparison with not-deteriorated seeds, how-

The present study demonstrated that deterioration  €Ve€T, GA; priming in deteriorated seeds increased ger-
reduced germination index and germination percent- mination index and germination percentage. Losing
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Fig. 3. Interaction effects of seed deterioration and GA3 priming on AA (a), GSH (b) and o.-tocopherol (c) content. The same
letters are not significantly different at P < 0.05 (Tukey test). The non-deterioration of seed is ignored. AA—ascorbic acid;

GSH—glutathione.

seed viability is considered as a reason for reducing
germination index and germination percentage under
high temperature and moisture [15].

One of the important factors in seed deterioration
is considered as damage to cell membrane structures at
the time of seed aging [16]. High temperature and

RUSSIAN JOURNAL OF PLANT PHYSIOLOGY  Vol. 66

moisture reduced germination percentage and germi-
nation speed and the higher impact was recorded on
reducing vigor and moisture of the seeds [17].

Different storage conditions make significant dif-
ferences in enabling the germination of seeds with
moisture content [18]. Increasing germination time is
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Fig. 4. Correlation between experimental traits with germination index. ** Significant at P < 0.01. The non-deterioration of seed
is ignored. CAT—catalase; APX—ascorbate peroxidase; SOD—superoxide dismutase; AA—ascorbic acid; GSH—glutathione.
Low deterioration (circle), medium deterioration (triangle), and severe deterioration (square): 4, 6 and 7 days, respectively.

possible as a result of interruption at the time of germi-
nation in deteriorated seeds. Possible cause of the
interruption is that seeds need time to recover damages
to the membrane and other parts of the cell and also to
restart the antioxidant system and prevent oxidative
stress, considering that recovering of all mentioned
damages is possible only after priming. So, time dura-
tion to achieve complete germination increases in dam-
aged seeds, therefore, it reduces speed germination [19].
In this context, it has been reported that ascorbic acid
and o-tocopherol application increased the germina-
tion index of deteriorated sesame seeds [20].

Seeds treatment with gibberellic acid and salicylic
acid after deterioration caused an increase in sesame
germination index [20]. In other studies, GA; priming
improved the vigor of deteriorated seeds in wheat [21].

RUSSIAN JOURNAL OF PLANT PHYSIOLOGY  Vol. 66

Reactive oxygen species (ROS) play an important
role in the progression of aging and various age-related
disorders due to the “free radical theory of aging.”
Enzymatic and non-enzymatic antioxidant systems
such as SOD, APX, CAT, ASA, and GSH regulate the
“redox homeostasis” [22].

Antioxidant enzyme activity including CAT, APX
and SOD are used to clarify the role of ROS scaveng-
ing system in seed aging progress. As mentioned
before, there was a significant reduction in the content
of CAT, APX and SOD activity in severely deteriorated
seeds in comparison with low deteriorated seeds.
However; the content of enzymes has increased by
applying GA;. CAT is known as one of the primary
enzymatic defense of plants against oxidative stress
induced by aging, freezing, dehydration, osmotic
stress and heavy metals [23]. About 30% reduction was

No.6 2019
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observed in CAT activity after 7 days of aging com-
pared to the activity of non-aged sunflower seeds. Cat-
alase activity of 7 days aged seeds was considerably
restored by priming treatment. CAT transcripts
decreased to an indiscoverable level at 7 days of aging,
so it was occurred because of the degradation of oxi-
dized RNA after aging-induced ROS storage. Indeed,
the content of total extracted RNA from aged seeds
was 2.6-fold lower than that of non-aged seeds [24].

H,0, was mainly enzymatically scavenged by CAT
and APX. The mentioned antioxidant enzymes may
act together to deactivate H,0, produced under oxida-
tive environments. It has been reported that the ability
of rice seeds to scavenge H,0, may reduce after artifi-
cial aging of seeds [25].

SOD catalyzes the dismutation of O, to H,0, and
0O,, it also protects cells from oxidative stress. How-
ever, the aging process of rice seeds did not affect SOD
activity levels [26]. SOD does not play a major role in
seed aging as already observed by Stewart and Bewley
[9] in soybean. Lack of sunflower seed viability at the
time of incubation at 45°C in water or at 100% RH
reduced the activities of SOD and CAT. In addition,
catalase was more sensitive to high temperature than
SOD [27].

In the present study, the content of non-enzymatic
antioxidants was significantly reduced in aged seeds,
whereas the seed priming with GA; increased the con-
tent of non-enzymatic antioxidants. Since vitamin C
regenerates other antioxidants such as o-tocopherol
(vitamin E) and glutathione peroxidase, its role in
improving seed vigor is very important [28].

GSH may be involved in reducing H,O,. However,
amount of total GSH was reduced in aged rice seeds [26].
Radical scavenging enhances GSH concentration and
primary rate of lipid peroxidation along with the pro-
tection and secondary antioxidants (i.e. o.-tocopherol)
works by decreasing the chain propagation and ampli-
fication of lipid peroxidation [29].

Generally, tocopherols are needed to protect poly-
unsaturated fatty acids (PUFAs) from damaging
effects of ROS at the time of germination and early
seedling growth. It is demonstrated that PUFAs in
seed lipids are protected from oxidation by tocopher-
ols [30].

According to the results of this study, controlled
aging in wheat seed led to a significant reduction of the
features of germination, and enzymatic and non-
enzymatic antioxidants in comparison with control
and it were significant compared to not-deteriorated
seeds. The highest reduction belonged to the severe
deterioration. Seed priming with GA; increased mea-
sured factors and the maximum amount was related to
100 mg/L GA; in severe deterioration.
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