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ABSTRACT

Accelerated ageing induces many deteriorative changes to seeds which ultimately lead

to reduced germination and loss of viability. Taking advantage of the image analysis,

the seed morphometric changes after accelerated ageing was investigated. Three

contrasting colour maize genotypes viz., African tall (white), MAH 14-5 (orange) and

local land race (red) selected were artificially aged for 96 and 120 hours. The aged

seeds showed 100 per cent viability but reduced germination per cent due to the

increased fraction of abnormal seedlings. The parameters like area, diameter, perimeter,

roundness increased, elongation decreased while roughness and compactness

remained constant in artificially aged seeds. Area increase in 96 and 120 hours of ageing

recorded 18 and 23 per cent in African Tall, 11 and 14 per cent in MAH 14-5 and 9 and

10 per cent in local landrace respectively while the diameter and perimeter showed

similar per cent increase. There was a significant difference in morphometric changes

between genotypes with white genotype showing a higher increase in size parameters

compared to coloured genotypes which may be attributed to impermeability resulting

out of oxidation of phenols in coloured genotypes. Lesser the change in morphometric

characters after ageing higher was the germination indicating that change in seed

morphometric characters during ageing as a deteriorative sign.
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SEED ageing is an irreversible and inexorable
process of a progressive decrease in vigour

ultimately leading to the loss of seed viability (Stewart
& Bewley, 1980 and Lehner et al., 2008). The rate of
seed ageing depends upon the genotype/ species, the
conditions prevailing during storage like moisture
content, temperature, humidity and seed composition
(Roberts, 1973). It has been reported that high
moisture content and high temperature usually
accelerate seed deterioration (Ellis and Hong, 1991;
Goel et al., 2003) based on which seeds are accelerated
to artificially age by exposing them to high humidity
and temperature of about 40 - 45p C and 100 per
cent RH (Delouche and Baskin, 1973). Accelerated
ageing is shown to induce many deteriorative changes
to seeds during storage like genetic damage, protein

degradation, enzyme inactivation and loss of
membrane integrity (Bailly et al., 1996; Merritt et al.,
2003; Bailly., 2004; Ratajczak & Pukacka, 2005;
Wang et al., 2011 and Ratajczak et al., 2015) which
ultimately lead to reduced germination (Walters, 1998)
and loss of viability. Though there are numerous
studies on physiology, ROS and its mechanisms of
membrane degradation during ageing, there is less
knowledge about the seed morphometric changes
brought about by accelerated ageing.

Ellis et al. (1992) reported that the rate of seed
deterioration depends upon the moisture content and
temperature of storage conditions. Among these two
factors, the sensitivity of seeds to high temperatures
is strongly dependent on their water content, loss of
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viability being faster with increasing moisture content
indicating the crucial role of moisture in seed
deterioration (McDonald, 1999 and Roberts & Ellis,
1989). In accelerated ageing conditions, the increased
humidity (~100% RH) leads to moisture absorption
by seeds (ISTA, 2010 and Kapoor et al., 2011). This
moisture absorption during ageing would lead to
swelling of seeds altering the seed size parameters.
So, the morphometric changes like seed perimeter,
area, diameter, roundness, roughness, elongation and
compactness after ageing can be effectively captured
by image analysis which in turn would indicate the
rate of seed deterioration and help in varietal
identification (Nethra et al., 2005). A strong relation
between water absorption and change in seed
perimeter measured by an image analyser was
established by Satya Srii et al. (2020). Previous studies
(Renuka et al., 2022) have reported the use of
morphological differences between parental lines in
hybrid seed production to help characterization,
however use of seed morphometric characters to study
imbibition during ageig is unexplored.

Seed image analysis works based on the extraction of
numerical data from a captured image of seeds and
seedlings and their subsequent data processing with
the help of suitable computer software (Hemender
et al., 2018). The major advantage of image analysis
over other conventional methods is the easy
determination of dimensional changes in time without
any manipulation of the seeds (Tanabata et al., 2012)
and its capacity to detect even the smallest changes
in seed dimensions (Dell’Aquila et al., 2000;
Dell’Aquila, 2005). Taking advantage of the image
analysis procedure, in this study we investigated the
changes in seeds morphometric parameters like area,
diameter, perimeter, roughness, elongation, roundness
and compactness after subjecting seeds to accelerated
ageing. As the rate of moisture absorption during
ageing depends upon the initial moisture content of
seeds and the genotype, we studied morphometric
changes in three contrast coloured maize genotypes
(white, orange and red) in response to accelerated
ageing conditions i.e., genotypic difference in
moisture absorption ie morphometric changes and
ultimately in deterioration.

MATERIAL AND METHODS

Seed Material

The three contrasting colour maize genotypes African
tall fodder maize (white), MAH 14-5 (Orange) and
local landrace from Tamil Nadu, India (red) were
selected for the study and the fresh seeds of African
fodder maize and MAH 14-5 were received from Seed
Stores, National Seed Project, University of
Agricultural Sciences, Bangalore, India and local red
landrace was collected from Maize Research Station,
Vagarai, Tamil Nadu, India. The fresh seeds were
checked for optimum moisture content and stored
at -20p C until further use.

Accelerated Ageing

Artificial ageing was performed according to ISTA
guidelines (ISTA, 2010). The moisture content of the
samples was determined and those with optimal
moisture content between 10-14 per cent moisture was
kept for accelerated ageing. For artificial ageing (AA),
the plastic AA boxes were first sterilized with 5 per
cent sodium hypochlorite and dried then, each AA
box was filled with 40 ± 1.0 ml of distilled water.
Seeds were placed on the screen one layer deep to
ensure an even uptake of moisture from the humid
environment and the lid was placed on each plastic
AA box. These AA boxes were placed on the shelves
of the ageing chamber (Manufacturer: Thermo
Scientific, Model: IGS 60/100/180) allowing air space
of 2.5 cm between plastic AA boxes to assure
temperature uniformity. The temperature was set to
41 ± 0.3p C with 100 per cent RH and was monitored
at regular intervals. After 96 hours and 120 hours of
ageing, the AA boxes were removed from the chamber.
The control seeds were stored in sealed, optimum
storage conditions for the same duration as of ageing.

Germination Per cent and Viability

Seed germination per cent and viability of the aged
seeds along with control (fresh, non- aged seeds) were
measured using standard ISTA protocol (ISTA, 2010)
to confirm the process of ageing. Seed germination
test was performed for 100 seeds in 4 replicates for
each ageing treatment and control by between paper
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method. The viability testing of seeds was performed
for 50 seeds in 2 replicates for each ageing treatment
using Tetrazolium (Tz) staining. Tz staining was
performed by soaking the seeds in water for 12 hours
followed by cutting the seeds longitudinally through
the embryo and ¾ of the endosperm and then soaking
the seeds in 1 per cent Tz solution for 2 hours and
evaluating the uptake of stains.

Image Analysis for Seed Morphometric Characters

Seed morphometric studies were performed using the
image analysis approach. Two replicates of 25 seeds
in each ageing treatment and control were taken for
the study. Seed morphometric parameters like area,
diameter, perimeter, roundness, compactness,
elongation and roughness of the individually labelled
seeds in Petri dishes was measured using an image
analyser (Manufacturer: Expert Vision Labs Private
Limited, Model L-2000 in conjunction with biovis
software) and recorded as seed morphometric
characters before ageing, then the seeds were
subjected to accelerated ageing and storage in case of
control for different periods after which the seeds
were again analysed through image analysis. The
parameters like roughness, compactness, elongation
and roughness of seeds were measured by specifically
developed macros based on image analysis library
and formulas (Varma et al., 2013).

Statistical Analysis

Descriptive statistics were performed using Microsoft
Excel 2010. Significance of values of different
parameters before and after ageing within a genotype
was performed using Paired t-Test (paired two samples

for mean) in Microsoft Excel 2010. The significance
of the difference in values between genotypes and also
between two ageing periods was analysed individually
using SPSS software (ANOVA with single factor).
Correlation between various parameters was
confirmed using the r2 value calculated using
Microsoft Excel 2010 in which most parameters
showed strong correlation (r2 > 0.7) with few having
moderate correlation (0.5< r2<0.7). Per cent increase/
decrease in values of each parameter before and after
ageing was calculated which was used to plot a radar
plot using Microsoft Excel 2010.

RESULTS AND DISCUSSION

Seed Physiological Quality After Ageing

The germination per cent, viability per cent of three
genotypes of seeds aged for different time intervals
along with control evaluated as per ISTA protocol
(ISTA, 2010) is given in Table 1. One way ANOVA
was used to test the significance of data and there
was a significant difference (P<0.01) in seed quality
parameters between genotypes and between different
ageing treatments.

Ageing treatments of 96 and 120 hours were selected
after standardising viability at different periods of
ageing, to have seeds that are still viable but less
vigorous i.e., at the initial stages of deterioration to
study the initial changes brought about by ageing to
morphometric characters of seeds which might, in
turn, correlate to deteriorative changes. Results of
viability and germination tests showed that all three
genotypes remained viable after 96 and 120 hours
of ageing yet there was a decrease in germination

African Tall (white) 100 ± 0.00 ** 90 ± 0.83 ** 84 ± 0.70 ** 100 ± 0.00 100 ± 0.00 100 ± 0.00

MAH 14-5 (orange) 100 ± 0.00 ** 93 ± 1.22 ** 88 ± 0.44 ** 100 ± 0.00 100 ± 0.00 100 ± 0.00

Local landrace (red) 100 ± 0.00 ** 96 ± 0.54 ** 93 ± 0.70 ** 100 ± 0.00 100 ± 0.00 100 ± 0.00

TABLE 1

Seed quality parameters measured at different ageing periods for two Maize genotypes

Values are expressed as mean (±SD). ** indicates significant difference between ageing times at pd  0.01.

Genotypes
Seed germination(per cent) Viability (per cent)

Control Ageing
(96 h)

Ageing
(120 h)

Control Ageing
(96 h)

Ageing
(120 h)

Mysore J. Agric. Sci., 57 (2) : 301-309  (2023) V. SATYA SRII AND NETHRA NAGARAJAPPA
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per cent as shown in Table 1. This contradiction in
results of viability and ageing is due to the fraction
of abnormal seedlings produced by aged seeds
which would not be considered as germinated in
germination tests as per ISTA test guidelines. Though
aged seeds had 100 per cent viability even after
ageing the deteriorative changes that occurred due to
ageing reflected as abnormal seedlings. It was also
reported in peas and soybean that accelerated ageing
increased the proportion of abnormal seedlings which
reduced the germination per cent of aged seeds
(Veselova and Veselovsky, 2003 and Rastegar et al.,
2011). But there was a significant difference in
germination per cent between genotypes after ageing
where African Tall showed the least germination per
cent after ageing followed by MAH 14-5 and Local
landrace which might be due to varying genetic
potential between genotypes. An interesting point
is that the darker the colour, the greater the resistance
to ageing i.e., coloured genotypes incurred lesser
damage compared to colourless genotype due to
ageing. The reason for the increased germination
after ageing in coloured genotypes could be
attributed to the presence of proanthocyanidins with
free radical scavenging activity in the seedcoat
(Takahata et al., 2001) which would in turn help
in cell repair mechanisms preventing membrane
damage (Bailly, 2004).

Seed Morphometric Analysis

Seed morphometric parameters like area, diameter,
perimeter, roundness, compactness, elongation and
roughness measured for different seed groups
revealed that the control (fresh, non-aged) seeds had
no change in morphometric characters before and
after the storage period while the seeds subjected
to ageing showed a significant difference in values
after ageing. The parameters like area, diameter,
perimeter, roundness increased, elongation decreased
while roughness and compactness remained
constant when the seeds were artificially aged. Data
recorded for various parameters before and after
ageing along with percent change in parameter
after ageing for three genotypes are presented in Table
2, 3 and 4. This data (Fig. 1) shows that there was a

T1 (white maize)
Area square (cm) 0.73831 0.86961 18%
Diameter (cm) 0.87641 0.959068 9%
Perimeter (cm) 2.98482 3.257892 9%
Roundness 1.03697 1.111904 7%
Roughness 1.03261 1.033192 0%
Elongation 1.25762 1.225448 -3%
Compactness 12.1804 12.35156 1%

T2 (white maize)
Area square cm 0.78291 0.962952 23%
Diameter cm 0.875407 0.986072 13%
Perimeter cm 2.87533 3.245132 13%
Roundness 1.02521 1.150136 12%
Roughness 1.03253 1.033884 0%
Elongation 1.240747 1.17448 -5%
Compactness 12.29995 12.47616 1%

TABLE 2

Seed morphometric parameters of white maize
(African Tall- fodder maize) measured before

and after ageing in T1 and T2 along with percent
change in parameters

Parameters Before
ageing

After
ageing

Per cent
change

T1 (Orange maize)
Area square cm 0.51764 0.575841 11%
Diameter cm 0.7081 0.759013 7%
Perimeter cm 2.36762 2.5442125 7%
Roundness 1.17417 1.218283 4%
Roughness 1.02265 1.023017 0%
Elongation 1.12385 1.113441667 -1%
Compactness 10.88918 10.90508 0%

T2 (Orange maize)
Area square cm 0.55045 0.625274 14%
Diameter cm 0.739703 0.802678 9%
Perimeter cm 2.48067 2.708144 9%
Roundness 1.122687 1.196872 7%
Roughness 1.023893 1.023856 0%
Elongation 1.115287 1.079171722 -3%
Compactness 11.22109 11.16935 0%

TABLE 3

Seed morphometric parameters of orange maize
(MAH 14-5) measured before and after ageing in

T1 and T2 along with percent change in parameters

Parameters Before
ageing

After
ageing

Per cent
change

Mysore J. Agric. Sci., 57 (2) : 301-309  (2023) V. SATYA SRII AND NETHRA NAGARAJAPPA
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difference in seed size of different genotypes even
before subjecting to ageing where the African Tall
(white) were larger followed by MAH 14-5 (Orange)
while Local landrace (red) was the smallest among
three. Among various parameters, roundness and
elongation were seen to be negatively correlated with
r2 > 0.5. All genotypes recorded similar roughness
values which were cross-verified by physical
examination of seed surface.

To eliminate exaggeration of increase/decrease in
parameters between genotypes, per cent increase was
calculated taking into account the initial value and
the change in value after ageing for all genotypes.
These results of per cent change in morphometric
parameters at different periods of ageing for three
genotypes are presented in form of a radar chart in
Fig. 2, which shows that the increase/ decrease per
cent for all parameters was higher in African Tall
(white genotype) followed by MAH 14-5 (orange
genotype) and least in Local landrace (red). Between
ageing periods, 120 hours of ageing recorded more
increase/ decrease per cent than 96 hours of ageing in
all three genotypes. Area increase in 96 and 120 hours

TABLE 4

Seed morphometric parameters of red maize (local
landrace) measured before and after ageing in T1
and T2 along with percent change in parameters

T1 (Red maize)

Area square cm 0.501706 0.546908 9%

Diameter cm 0.707217 0.738156 4%

Perimeter cm 2.39521 2.490916 4%

Roundness 1.099223 1.100836 0%

Roughness 1.03078 1.02716 0%

Elongation 1.119803333 1.119312 0%

Compactness 11.49296 11.45215 0%

T2 (Red maize)

Area square cm 0.514243 0.5644548 10%

Diameter cm 0.714353 0.759934 6%

Perimeter cm 2.41172 2.549356 6%

Roundness 1.105403 1.109316 0%

Roughness 1.02853 1.02934 0%

Elongation 1.11161 1.1124916 0%

Compactness 11.40051 11.40193 0%

Parameters
Before
ageing

After
ageing

Per cent
change

Fig. 1: Morphometric parameters of maize seeds of three genotypes after ageing for (a) 96 hours and (b) 120 hours.
Black bar indicates standard error
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of ageing recorded 18 and 23 per cent in African Tall,
11 and 14 per cent in MAH 14-5 and 9 and 10 per
cent in Local landrace respectively. Diameter and
perimeter showed the same per cent increase
confirming the accuracy of measurements made by
image analysis where they increased by 9 and 13 per
cent in African Tall, 7 and 9 per cent in MAH 14-5
and 4 and 6 per cent in Local landrace at 96 and 120
hours of ageing respectively.

The paired t-test showed a high level of significance
for both single and two-tail tests (P<0.001) for all the
parameters measured before and after ageing. Also,
there was a significant difference (P< 0.01) for values
between genotypes tested using ANOVA (single
factor). Significant correlations between parameters
(r2> 0.5) showed the accuracy and relevance of values
measured by the image analyser.

The increase in size parameters like area, diameter,
perimeter in aged seeds is due to the absorption of
moisture by seeds in the ageing chamber which is

Fig. 2: Per cent change in seed morphometric characters brought about by different periods of ageing in three genotypes

maintained at 100 per cent RH. There was an increase
in area, perimeter and diameter, in turn, reflecting an
increase in roundness while the decrease in elongation.
This absorption of moisture leads to swelling/
increased size of seeds after ageing and it is seen that
seeds absorb more moisture if they are exposed to the
ageing chamber for a longer duration which is
reflected as the increased per cent of the size increase
in seeds that was aged for a longer duration.
Absorption of moisture increases the moisture content
of seeds which in turn leads to faster deterioration.
It is reported that higher moisture content in seeds
leads to faster deterioration (Ellis et al., 1992).
Results from germination also correlate to the
above fact that the genotype which showed a higher
increase in size after ageing i.e., more absorption
of water had lesser germination per cent. African
tall which showed 18 and 23 per cent increase
in the area after 96 and 120 hours of ageing had only
90 and 84 per cent germination respectively, on the
other hand, local landrace which showed only 9 and
10 per cent increase in the area after 96 and 120 hours

Mysore J. Agric. Sci., 57 (2) : 301-309  (2023) V. SATYA SRII AND NETHRA NAGARAJAPPA



307

T
he

 M
ys

or
e 

Jo
ur

na
l o

f A
gr

ic
ul

tu
ra

l S
ci

en
ce

s

had 96 and 93 per cent germination while MAH 14-5
which had an intermediate increase of about 11 and
14 per cent showed 93 and 88 per cent germination
after 95 and 120 hours respectively.

This differential ability of genotypes to absorb
moisture may be due to its differential permeability
properties. The primary line of protection to seeds
against ageing conditions is offered by seed coats as
they are the main interface between seed and external
environment. It is reported the cracks, cleavages,
fissures and scratches resulting either from ageing or
genetics or handling procedures (e.g., harvesting,
drying, processing and sowing operations) in seed
coats could lead to deteriorative changes affecting
the embryo and ultimately decreasing the seed
longevity. Thus the primary resistance of seeds
against deterioration can be attributed to thick
impermeable seed coats that could guard the
embryo from adverse external conditions (Black &
Halmer, 2006 and 205 Brooker et al., 2007). The
impermeability of seed coat is proposed to be created
by oxidation of phenolic compounds by polyphenol
oxidase or peroxidase which could, in turn, provide
impermeability to seed coats (Pourcell et al., 2005
and Rajjou & Isabelle, 2008). Also, studies show that
phenolic compounds in seed coats contribute to seed
longevity by limiting the permeability to oxygen and
moisture (Pourcell et al., 2007). This may be one of
the reasons why the cultivars with dark seed coats in
chickpea (Gvozdeva and Zhukove, 1971), soybean
(Shahi and Pandey, 1982), snap bean (Phaseolus
vulgaris) (Prasad and Weigle, 1976), french bean
(Powell, 1986) were found to be less permeable than
the light seeded cultivars. Studies show that coloured
seed coats are impermeable compared to colourless
ones in legumes with pigmentation negatively
correlating to permeability (Souza and Marcos-Filho,
2001). The results were again proven in our study
where the white genotype showed more moisture
absorption compared to orange and red with red
absorbing the least moisture. Thus the impermeability
resulted from oxidation of phenolic compounds may
be one of the reasons for reduced damage and
deterioration reflected as higher germination per cent

in local landrace (red) and MAH14-5 (Orange)
compared to African Tall (white) after ageing.

Though numerous studies on the effect of artificial
ageing on seed physiology, ROS and its mechanisms
of membrane degradation, there are no reports of
difference in morphometric characters of seeds
brought about by artificial ageing. The study reveals
that besides physiological, chemical and physical
changes, seed morphometric characters also change
due to ageing. The increase in size parameters of
seeds shows that an increase in moisture content
under imposed ageing conditions i.e., 41 ± 0.3 C with
100 per cent RH is the crucial deteriorating agent
in artificial ageing while under natural conditions,
there may be many other factors playing role in
deterioration. Further studies on the comparison of
changes in morphometric characters of natural and
artificial ageing would provide deep insight into the
mechanisms of the two process.

This study indicates the potential of image analysis
to estimate moisture increase in aged seeds by
capturing minute changes in seed dimensions. Thus,
image analysis can be a better alternative for
measuring moisture changes in seeds during storage
as conventional moisture estimation methods are
either destructive or time taking and are practically
impossible for larger lots. Further study and
standardisation of the utility of image analysis in
moisture estimation would help in the efficient storage
and handling of seeds.
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