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ABSTRACT

Maize (Zea mays L.) seeds were subjected to accelerated aging treatment for, 3,
7, and 14 days at 45 +1 C"and 100% relative humidity. These artificially aged seeds
were compared to control (Unaged seeds) for evaluation of vigor in seeds.
Accelerated aging of Maize seeds up to three days had significant effect on
germination percentage & solute leakage. However, further increase in aging period
caused an increased in solute leakage and a decrease in germination percentage.
Germinability was lost completely at 14 days of accelerated aging. In addition, the
reduction in germination percentage was correlated with decrease in seedling length,
germination speed index, seed vigor index, seedling fresh & dry weight. Finally, the
results revealed that accelerated aging caused depression of maize seeds viability
through the above parameters.
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Introduction

The Accelerated aging test (AA) is the
second most popular seed vigor test in the
United States (1). AA is one of the vigor tests
widely used to determine the quality of seed
lots. It was initially developed as a test to predict
the life span of a number of different species
under a range of storage conditions. Accelerated
aging is very effective in testing the relative
storage potential of seed lots. A seed lot consists
of a population of seeds, which may be
genetically and physically similar, but vary, in
degree of deterioration from relatively non
deteriorated to completely dead (100-0%).
Deterioration within a lot is on an individual
seed basis (2). However, AA is an important
procedure for understanding the events that lead
to the loss of seed viability. AA damages DNA
and mRNA (3), Causes biochemical
deterioration of the stored material (4). And
reduces the vigor of seedling and early plantlet
development shortly after germination (5). AA
techniques  have  great  potential  for
understanding the mechanism of aging and
associated deterioration processes of seeds (6).
Meanwhile, the process of deterioration under
accelerated aging conditions are essentially
similar to those under normal conditions,
Whereas, the major differences is that the rate of
deterioration is much faster, thus, making it
possible to be determinate (7; 8; 9). In addition,
Seed deterioration can be defined as the loss of
quality, viability and vigor either due to aging or
effect of adverse environmental factors. The rate
of deterioration rapidly increases with increase
in either seed moisture content or temperature of
storage (10). The principle of this method is
based on the artificial acceleration of the
deterioration rate of seeds, by exposing them to
high temperature and relative humidity levels,
which are considered as the most prominent
environmental factors with respect to the
intensity and velocity of deterioration (6).
Consequently, an accelerated aging stress test
exposes seeds for short periods (1 to 8 days) to
high temperature (40 to 45C") and high relative
humidity (greater than 90%). During the test,
seeds absorb moisture from the humid
environment along with the high temperature,
causing rapid seed aging. High vigor seed lots
withstand these stress conditions and deteriorate
more slowly than low vigor seed lots. After
accelerated aging, high vigor seed lots remained
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high in germination, while the germination of
low vigor seed lots was reduced (11). The aim
of the present research was to investigate the
possible effects of accelerated aging upon seeds
deterioration (physiological changes) of the
local maize seeds.

MATERIALS AND METHODS
Plant material

Experiments were performed on one Iraqi
cultivar (Zea mays L.) local variety was used for
the study. The seed materials were obtained
direct from the field of Babil governorate in the
season of (2009-2010) Seeds were surface
sterilized using 5% sodium hypochlorite
solution for 5 minutes and rinsed thoroughly in
distilled water. The seeds were dried at 25°C for
24 hours in the laboratory. as described for pea
by ( 12). Seed material was stored in dark plastic
containers at 5C° until use.

Accelerated aging treatment

Seeds were aged acceleratedly at (45 +1C°)
and 100% relative humidity up-to 14 days.
Seeds were aged in glass desiccators containing
distilled water, and spread as a single layer on a
metallic net to avoid contact with water. The
desiccators were covered and maintained in an
incubator at 45+1°C for 3, 7 and 14 days. Seeds
were taken after 3, 7, and14 days of aging
treatments. Following the accelerated aging
treatment, moisture content was determined and
the seeds were air dried at 25°C until their
original moisture content (8.3-7.99%) was
restored. The seed material was stored at 4°C
under the dark until use (12).

Moisture content

Carried out in an oven at 105+3°C/72h, using
three samples of 4.0 g of seeds, for each lot.
Results were expressed as mean percentages for
each lot (fresh weight basis) (13).

Germination test

Five replicates, each of 20 seeds, were
germinated in 9 cm diameter Petri dishes on
Whatman NO.1 filter paper. Just enough
distilled water (2.5 ml) to moisten the filter
paper was provided initially. Moisture level was
checked daily and topped-up as necessary.
Percentage radicle emergence and seed
germination speed was recorded at 25°C after
every 24 h time interval. Time for initial signs of
radical emergence and maximum emergence
was recorded up to 7 days (14).
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Solute leachate test

Twenty five seeds were weighed and placed in
100 ml beaker containing 30 ml of distilled
water. Beaker were covered and left undisturbed
for overnight. The Elute was collected and the
final volume was made to 50 mL with distilled
water (15). The conductivity measurements
were expressed in (us\cm\25 seed).

The germination speed index (GSI)

The germination speed index (GSI) was
calculated as described in the Association of
Official Seed Analysts (16) by following
formula:

GSI =

Mo.of EETminared seed
Days of first count

Nl germinaled seed

L Days of final count
Seedling vigor index (SVI)

Seedling vigor index (SVI) was calculated
following modified formula of Abdul-Baki and
Anderson (17):

SVI [seedling length (cm) X germination
percentage]/100

Growth analysis: Relative Growth Rate
(RGR)

Seedlings of maize cultivar were transplanted
into plastic trays filled with clean sawdust
.Water was topped after 7 days of planting,
seedlings were harvested from trays. Root and
shoot were separated, fresh and dry weights
were determined, and shoot: root lengths were
calculated (14).

Statistical analysis:

Data were subjected to an analysis of
variance, a completely randomized split plot
design and LSD (least significant difference)
values were calculated at P=0.05.

Results
Moisture content:

A significant increased was observed in
moisture content after aging for (3, 7, and 14
day) compared to control. Under accelerated
aging moisture content increased from 8.29% (in
control) to 16.4, 19.53 and 22.56 in (3, 7 and 14
day of aging, respectively). As shown in
(Figure 1).

(Figure 1) Effect of A.A. conditions on moisture
content (%) for maize seeds
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Standard germination test:

Accelerated aging had a significant effect on
germination. During the first three days of
aging, the seeds become unviable and there was
significant reduction in the germination
percentage. Further increase in aging period
caused a suppressive effect on germination
percentage at 7 days. Practically no normal
seedlings developed at 7 or more days of aging.
There was a complete loss of germination at 14
days of accelerated aging. Unaged seeds
exhibited average germination of 99%
(Figure 2).

(Figure 2) Effect of A.A conditions on
germination percentage (%) for maize seeds.
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Electrolyte Leakage:

Solute leakage in terms of permeability
perturbation (measured as electrical
conductivity) was increased with accelerated
aging period. There was a linear increase in
electrolyte leakage with the period of aging
(Figure 3).

(Figure 3) Effect of A.A conditions on
membrane permeability in term of electrical
conductivity (us\cm\25 seed) for maize seeds.
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Seedling length:

Accelerated aging significantly inhibited
seedling growth (Figure 4). Aging up to three,
seven days and control produced statistically
different seedling length. No seedlings were
produced by seeds of 14 days of accelerated
aging.

(Figure 4) Effect of A.A. conditions on maize
Seedling length (cm\ plant) (7 day old).
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Germination speed index (GSI):
Germination speed is a direct measure of
seed vigor. It may be defined as “number of
germinated seeds per unit day”. Accelerated
aging also decreased the germination speed of
seed material. The fastest germination speed was
observed in control (63.8) compared to the
lowest (0.0) at 14 days of aging treatment
(Figure. 5). For example the germination speed
of control was maximum (63.8) followed by 3, 7
and 1l14days of aging (52.9, 42.7 & 0.0,
respectively).
(Figure 5) Effect of A.A conditions on
germination speed index (GSI %) for maize
seeds.
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Seedling vigor index (SVI):
Besides the decrease in germination

percentage and seedling length the seedling
vigor index also showed a decline pattern during
accelerated aging (Figure 6). Vigor index
decreased from (30.07 in control) to (16.06, 7.02
and 0.0) in (3, 7 and 14) day of accelerated
aging treatment, respectively.

(Figure 6) Effect of A.A conditions on seedling
vigor index for maize seeds.
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Growth analysis (Relative Growth Rate):
Shoot and root lengths also elicited a
significant decline compared to control seeds
(Figure 7 and 8) after accelerated aging
treatment.
(Figure7) Effect of A.A. conditions on shoot
length (cm\plant) of seven days old maize
seedling.
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(Figure 8) Effect of A.A. conditions on root
length (cm\plant) of seven days old maize
seedling.
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The decrease in the shoot and root lengths of
maize seedlings, accelerated with a significant
reduction in both fresh and dry weight of both
shoot and root(Figure 9 and 10).

(Figure 9) Effect of A.A. conditions on fresh
weight of shoot (g\plant) of seven days old
maize seedling.
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(Figure 10) Effect of A.A. conditions on dry
weight of Shoot (g\plant) of seven days old
maize seedling.
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Accelerated aging condition also exhibited a
significant effect on fresh and dry weights of
seedling root compared to the control
(Figure 11 and 12).
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(Figure 11) Effect of A.A. conditions on fresh
weight of Root (g\plant) of seven days old maize
seedling.
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(Figure 12) Effect of A.A. conditions on dry
weight of root (g\plant) of seven days old maize
seedling.
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Discussion

Seed aging decreases the quality of seed and
results in agricultural and economic losses.
Accelerated aging is one of the most useful tests
used for the evaluation of seed vigor and
storability. A significant increase was observed
in the moisture content after accelerated aging in
all periods of aging compared to the control.
(Figure 1).Similarly, an increase in moisture
content was observed during accelerated aging
in chickpea (18) This increase could be
explained by an increased in the imbibed water
due to the disintegration of cell membranes
during aging (19).

Accelerated aging results in progressively
loss of seed viability and vigor, seeds of maize
exhibited an initial 99% germination which
declined till progressively reaches to no
germination after 14 day of aging (Figure 2).
Accelerated aging also decreased seedling dry
and fresh weights, seedling length, seedling
vigor index; germination speed index and
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seedling shoot and root length.(Figures 4, 5, 6,
7, 8, 9, 10, 11, and 12 respectively). Similar
results were reported in peanut (20) in cotton
seed (21) in chickpea (18) and in Rice (19). The
possible reason of this reduction might be the
lowering of biochemical activities in seeds.
Aging have damaging effect on enzymes that are
necessary to convert reserve food in the embryo
to usable form and ultimately production of
normal  seedling  (21).Alternatively, the
reduction in germination might be due to the
degradation of mitochondrial membrane leading
to reduction in energy supply necessary for
germination (22). The decline in shoot length,
root length and seedling vigor index might be
attributed to DNA degradation with aging which
leads to impaired transcription causing
incomplete or faulty enzyme synthesis essential
for earlier stages of germination (18).

The decline in seed germination was
accompanied with an increase in solute leakage
(Figure 2 and 3).There is a strong relationship
between lipid peroxidation and electrical
conductivity of seeds. It may be stated that
rapidly aging had damaging effect on seed
membrane and resultantly lipid peroxidation
products and electrical conductivity was
increased (14). The loss of viability in seeds of
onion after aging appeared to be related to the
increased membrane destruction (permeability
perturbation). This membrane integrity loss may
be responsible for the decreased germinability,
vigor and ultimately viability (12).The electrical
conductivity of carrot seeds increased with the
increase in  aging time(14).  Electrical
conductivity of a seed lot is the measure of
membrane functions, the results on individual
seed conductivity suggest that membrane
function is less damaged when the seeds are
aged for short time and membranes are likely to
be responsible for the slower growth and
germination in aged seeds. (12).Finally, we
conclude that the foregoing accelerated aging
conditions had significant decline in maize seed
quality, through the above studied parameters.
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