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ABSTRACT

Priming is a pre-sowing, controlled hydration treatment, permits pre-germinative
metabolic activity, but prevent radical emergence. The study revealed that among elite
genotypes of soybean, JS 335 (white seed coat) and EC 993950 (black seed coat)
performed significantly better in terms of germination percentage, root length, shoot
length, mean seedling length, mean seedling dry weight, seedling vigor index-I and II.
Membrane deterioration assessed through electrical conductivity (EC) of seed leachates
showed initial EC values, 15.11 and 11.57 puS cm™ g! for JS 335 and EC 993950,
respectively. After 72 hours of ageing, EC values increased to 52.32 and 42.62 pS cm
! gl indicating increased electrolyte leakage. Upon seed priming, notably with osmo
priming using PEG at 1.1 MPa for 6 hours, the EC values were 33.03 and 28.62 pS
cm! g) and for 12 hours of priming, 34.80 and 30.69 uS em™ g'! in JS 335 and EC
993950, respectively. Fresh seeds showed higher dehydrogenase (TDH) activity (1.461
and 1.828 OD @ A480 nm) than aged seeds (0.794 and 1.150 OD @ A480 nm).
Priming improved TDH activity, with the highest values observed under PEG priming
for 6 hours (1.181 and 1.541 OD), followed by 12 hours (1.100 and 1.503 OD). White
seed coat genotypes were more susceptible to ageing than black ones. The observed
differences in seed quality, EC and TDH indicate better membrane integrity in black
seed coat genotypes, likely due to the presence of proanthocyanidins with antioxidant

activity, which helps to reduce membrane damage.
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SOYBEAN [Glycine max (L.) Merrill] is a crucial
global agricultural commodity with significant
economic importance and increasing production. It
has an exceptional protein content of about 40 per
cent and the third-highest oil content at around 20 per
cent. Leading soybean producers are Brazil, the
United States, Argentina, China and India. This
versatile legume is used in animal feed, human
nutrition, cosmetics, fibers and biodiesel production.

Soybean was selected owing to their diverse
characteristics related to storage. Soybean, both a
pulse and oilseed is very sensitive to storage. Also, a
dicotyledon will provide an opportunity to study
the difference in seed coat properties and storage
behavior during ageing and priming in diverse
genotypes. Seed ageing is an irreversible and
inexorable process of a progressive decrease in
vigor ultimately leading to the loss of seed viability
(Arc et al., 2011 and Lehner et al.,, 2008). The rate
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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 accelerate seed
deterioration (Ellis & Hong, 1991 and Goel et al.,
2003) based on which seeds are accelerated to
artificially age by exposing them to high humidity and
temperature of about 40-45 °C and 100 per cent RH
(Delouche & Baskin, 1973). The 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
would indicate the rate of seed deterioration (Nethra
et al., 2005). It is reported that higher moisture content
in seeds after aging leads to faster deterioration
resulting in lesser germination. It also correlates to
increase in size and decrease in vigor (Srii et al., 2021).
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 (Arc
et al., 2011; Bailly, 2004; Bailly et al., 1996, 2002;
Merritt et al., 2003; Ratajczak & Pukacka, 2005;
Ratajczak et al., 2015 and Wang et al., 2011) which
ultimately lead to reduced germination (Walters, 1998)
and loss of viability. Previous studies (Renuka et al.,
2022) have reported that ageing is irreversible
degenerative change which affect seed germination
and vigor.

Seed germination of desiccated quiescent seed usually
occurs as a three-step process (Bewley, 1997 and
Weitbrecht e al., 2011), commencing with imbibition
and terminating with radical protrusion. However, the
rate of water absorption by seeds during this phase of
imbibition depends on the permeability properties of
the seed coat like its hydrophobicity, thickness,
porosity and integrity. It is reported that seed coats
with cracks or pores imbibe water rapidly compared
to intact seed coats (Duke & Kakefuda, 1981; Duke
et al., 1983; Duke et al., 1986; Oliveria et al., 1984;
Powell & Matthews, 1979 and Tully et al., 1981).
However, in Fabaceae, hard seeds with impermeable
seed coats pose a problem for phase I of imbibition, a
critical period for germination as 80 per cent of water

absorption is reported to occur during this phase
(Souza and Marcos-Filho, 2001). It is known that the
seeds lose membrane integrity upon ageing or by other
mechanical handling procedures during storage
altering the seed coat’s permeability properties.
Veselova and Veselovsky (2003) reported that aged
pea seeds showed imbibitional injury leading to the
production of abnormal seedlings, which they
proposed to be due to permeability changes in the seed
coat to water. However, the changes brought about
by accelerated ageing on seed coat structure result in
altered permeability properties.

Maintenance of seed quality from harvest to planting
is of utmost important in the seed industry. The seed
quality mainly depends on various factors viz.,
genotypes, provenance, production practices and
prevailing environmental conditions during seed
production, post-harvest operation, post-harvest
handling, storage environment, initial quality of the
seeds etc. The alternative to overcome these problems
is through seed invigoration technology. Invigoration
is a way to improve the physiological quality of seeds,
especially seed vigor, through chemical treatment
(Parera and Cantliffe, 1994). In the recent past, many
studies proved the efficiency of seed priming
technique to enhance the germination rate, uniformity
of seedling growth and to reduce the time of seedling
emergence (Harris et al., 2005). Seed priming is a pre-
sowing treatment in which seeds are soaked in water
and or other chemicals for a definite period of time
and then dried back to original moisture content before
sowing (Taylor et al., 2017). Seed priming stimulates
various biochemical changes in seed which are
essential to commence germination process besides
improving its physiology (Ajouri ef al., 2004). It
synchronizes germination after breaking dormancy,
diminishes the lag time required for imbibition,
hydrolyses or metabolizes inhibitors, activates
enzymes, mobilizes reserved food and enhances
embryonic tissue outgrowth. Priming is able to repair
the age related cellular and sub-cellular damage of
low vigor seeds that may accumulate during seed
development (Mc-Donald, 2000). In priming, seeds
are soaked in different solutions with high osmotic
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potential, prevents the seeds from absorbing enough
water for radicle protrusion, thus suspending the seeds
in the lag phase (Taylor et al., 1998).

Another major reason to opt for this crop is the fact
that there are different color genotypes available in
this crop which help us in exploring the difference
between colored genotypes. Previous studies have
reported that the cultivars with dark seed coat in
chickpea (Gvozdeva and Zhukove, 1971), soybean,
snap bean (Phaseolus vulgaris) (Prasad and Weigle,
1976), french bean (Powell et al., 1986) were less
permeable and exhibit longer life span than the
cultivars with light seed coat color. Black-seeded
soybeans exhibit superior physiological quality and
storage longevity compared to white-seeded ones. This
investigation was conducted to study the best priming
treatment for seed quality parameters. The
performance is investigated in this experiment by the
use of seeds taken from aged seed lot and priming
treatments to aged seeds to increase the germination
percentage. Keeping these things in view, the present
investigation entitled ‘Effect of priming treatment on
physical and physiological properties in aged seeds
of contrast colored soybean (Glycine max (L.) Merrill)
genotypes’ was carried out.

MATERIAL AND METHODS

Soybean seeds received from All India Coordinated
Research Project on Soybean, Zonal Agricultural
Research Station, University of Agricultural Sciences,
Bangalore were multiplied in the fields of Seed
Technology Research Center, AICRP on Seeds
(Crops), Gandhi Krishi Vignana Kendra, University
of Agricultural Sciences, Bangalore, which is situated
at an altitude of 13°.15'N and longitude of 77°.32"E.
during 2019-2022. The lab experiments were
conducted at Seed Technology Research Center,
AICRP on Seeds (Crops), Gandhi Krishi Vignana
Kendra, University of Agricultural Sciences,
Bangalore. The detailed materials and methods
adopted for the conduct of different experiments are
described below.

Seed Material

Initially 40 soybean genotypes were evaluated for
germination. Based on germination percentage three

black and three white seed coat colored genotypes
were selected for further studies. The genotypes used
for the study were, the black seed coat genotypes
G1: EC993608, G2: EC993850, G3: EC993950 and
white seed coat genotypes G4: EC993703, GS5:
EC993937,JS 335.

Accelerated Ageing

Artificial ageing was performed according to ISTA
guidelines (Anonymous, 2013). The moisture content
of the fresh seed samples was determined by the hot
air oven method (Anonymous, 2013) before
proceeding with accelerated ageing. For artificial
ageing (AA), the plastic boxes were first sterilized
with 5 per cent sodium hypochlorite, dried and then
each was filled with 40+1.0 ml of distilled water. 42
grams of seeds were placed on the screen in one layer
deep to ensure an even uptake of moisture from the
humid environment and the lid was placed on each
box. The 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 boxes to assure temperature uniformity. The
temperature was set to 41+£0.3p °C and 100 per cent
RH and was monitored at regular intervals. After 48
and 72 h of ageing, the AA boxes were removed from
the chamber. The seed moisture content of seeds after
ageing was measured using a digital moisture meter.

Priming Treatments

Four priming treatments were included for studies.
T1: Fresh seeds, T2: Aged seeds, T3: Hydro priming
for 8 hours at 25p °C, T4: Ascorbic acid priming
8 hours at 25p °C, T5: Osmo priming PEG at 1.2MPa
for 12 hours at 25p °C, T6: Osmo priming PEG at
1.2MPa for 6 hours at 25p °C.

Germination (%)

Seed germination test was performed within one hour
after removal from the ageing chamber. 100 seeds in
four replications for each ageing treatment and control
(fresh, non-aged seeds) were taken for germination
test by paper method at 25p °C. The first and final
count was taken on the 5th and 8th day and seedlings
were evaluated as per International Seed Testing
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Association guidelines (2013) considering the per
centage of normal seedlings to be germinated.

Root Length (cm)

From the standard germination test, ten normal
seedlings from each treatment in four replications
were randomly selected on the day of final count. The
length of root was measured from collar region to tip
of the primary root of the seedling and expressed in
centimeters.

Shoot length (cm)

From the standard germination test, ten normal
seedlings from each treatment in four replications
were randomly selected on the day of final count. The
length of shoot was measured from collar region to
the tip of shoot of the seedling and expressed in
centimeters.

Mean Seedling Length (cm)

On 8th day of germination test, ten normal seedlings
were taken randomly from four replications of each
treatment and measured from the tip of primary root
to the tip of apical shoot. The average of ten seedlings
is expressed as mean seedling length in centimeters.

Mean Seedling Dry Weight (mg)

Ten normal seedlings used for measuring shoot and
root length were taken in a butter paper and dried in
hot air oven, at 80 °C temperature for 17 hours. Then
the seedlings were removed and allowed to cool for
45 minutes before weighing on an electrical balance.
The average seedling dry weight is expressed in
milligram (mg).

Seedling Vigor Indices

To calculate the seedling vigor index-I (SVI-I), the
seedling length (root and shoot) of five randomly
selected seedlings in each replicate was measured
while taking the final count of seeds in the germination
test. The vigor index was calculated by multiplying
germination (%) and seedling length (cm).

Seedling vigor index I = Germination per cent x
Mean seedling length

To calculate the seedling vigor index-II (SVI-II), the
seedling dry weight of five randomly selected
seedlings in each replicate was measured while taking
the final count of seeds in the germination test. The
vigor index was calculated by multiplying germination
(%) and seedlingdry weight.

Seedling vigor index II = Germination per cent x
Seedling dry weight

Tetrazolium Viability Testing

The viability testing of seeds was performed for 50
seeds in two replicates for each ageing treatment using
Tetrazolium (Tz) staining. For soybean, the seeds were
soaked in distilled water for 18 h followed by the
removal of the seed coat and then the seeds were
soaked without seed coat in 1 per cent Tz solution for
3 h at 30p °C in dark. The uptake of stain was
evaluated as per International Seed Testing
Association guidelines.

Electrical Conductivity

Membrane deterioration was measured by an electrical
conductivity (EC) test as per the modified ISTA
method (Anonymous, 2013). Fifty seeds in two
replicates in each ageing treatment along with control
were soaked in 250 ml of distilled water for 24 h at
20p °C and the conductivity of the elute was measured
using a conductivity meter (Manufacturer: Systronics,
Model: 306).

Total Dehydrogenase

The total dehydrogenase activity was measured by the
method suggested by Kittock and Law (1968). The
seeds used in Tz viability testing were washed
thoroughly with distilled water and the red-colored
formazan from the stained regions was extracted by
soaking in 5 ml of 2-methoxy ethanol for 8 h in an
airtight container. The extract was decanted and the
color intensity was measured in Spectrophotometer
(Model Mini Spec 17) at 480 nm with a suitable blank
(Methoxy ethanol). The total dehydrogenase activity
(TDH) was expressed as absorbance. The significance
of values for different sample groups of two genotypes
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was analyzed using ANOVA (with single factor) with
post hoc Tukey Krammer test using SPSS software.

RESULTS AND DISCUSSION

Results showed no difference in seed viability after
ageing in all genotypes with all seeds being viable
(100 % viability), while the germination per cent
varied between genotypes and also within the aged
seeds and primed seeds. The initial germination per
cent of 95.67 and 90.33 observed in fresh seeds was
reduced to 64.67 and 75 per cent after 72 h of ageing
in white (JS 335) and black (EC 993950) genotypes,
respectively. When the seeds were subjected to
different priming treatments the germination per cent
increased to 70 and 80 in osmo priming-PEG at
1.1MPa for 6 hrs, followed by osmo priming-PEG at
1.1MPa for 12 hrs (69% and 78.33%) in white seed
coat (JS 335) and black seed coat (EC 993950)
genotypes, respectively (Table 1). Significant
differences were observed in seed germination per
cent after ageing and also between genotypes at
p<0.01. Though white seed coat genotypes had 100
per cent viability, upon aging for 72 h germination
per cent was reduced to 63.33 per cent from an initial
95.67 per cent in control (fresh) seeds. But priming
of the aged seeds increased the germination (70%).

The black seed coat genotypes also had 100 per cent
viability, but the germination per cent was reduced to
73 per cent in seeds aged for 72 h from initial 90.33
per cent. The priming of seeds increased the
germination (80%). The differences in germination
per cent reduction after ageing between the genotypes
is due to the increased fraction of abnormal seedlings
produced in white genotypes, while black genotypes,
due to hard seed coat, are resistant to damage caused
upon ageing (Satyasrii et al., 2022). Seeds had 100
per cent viability even after ageing but the
deteriorative changes that occurred due to ageing were
reflected as abnormal seedlings. It was 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). These
research findings are in line with findings of Ghobadi
et al. (2012), who recorded higher germination in
primed seeds. The seedlings produced were healthy
and vigorous due to gibberellin production and reserve
mobilization (Zhu et al., 2010).

Mean Seedling Length

Results showed that, mean seedling length (34.97 cm
and 37.90 cm) in fresh seeds, after 72 h of ageing it

TaBLE 1

Influence of ageing and priming treatments on seed germination (%)

BC993608  EC993850  EC993950 EC993703  EC993937 IS 335 Mean
(G1) (G2) (G3) (G4) (G5) (G6)
Fresh/control (T1) 88.67 89.67 90.33 94.33 94.67 95.67 92.22
Ageing for 72 hrs (T2) 73.00 73.33 75.00 63.33 63.67 64.67 68.83
Hydro priming (T3) 75.33 76.67 77.67 65.67 66.00 67.00 71.39
Vit. C priming (T4) 76.00 77.33 78.00 66.33 67.00 68.33 72.17
PEG for12 hrs (T5) 77.00 77.67 78.33 66.67 67.33 69.00 72.67
PEG for 6 hrs (T6) 78.33 79.00 80.00 67.67 68.67 70.00 73.94
MEAN 78.06 78.94 79.89 70.67 71.22 72.44
SEM SED CD
TRT 0.349 0.494 1.306
CONC 0.349 0.494 1.306
T*G 0.855 1.210 3.200
cv 1.97
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TABLE 2

Influence of ageing and priming treatments on mean seedling length (cm)

EC993608 EC993850 EC993950  EC993703 EC993937 JS 335 Mean

(GD (G2) (G3) (G4) (GY) (G6)
Fresh/control (T1) 34.65 34.70 37.90 33.80 34.30 34.97 35.05
Ageing for 72 hrs (T2) 28.66 29.33 30.95 26.16 26.95 27.80 28.31
Hydro priming (T3) 29.35 30.74 32.09 28.27 29.22 30.18 29.98
Vit. C priming (T4) 31.59 32.99 33.87 30.09 30.89 31.99 31.90
PEG forl2 hrs (T5) 33.63 35.00 35.70 31.87 32.68 33.50 33.73
PEG for 6 hrs (T6) 35.53 36.98 37.59 33.79 34.90 35.59 35.73
MEAN 32.23 33.29 34.68 30.66 31.49 32.34

SEM SED CD
TRT 0.051 0.072 0.191
CONC 0.051 0.072 0.191
T*G 0.125 0.177 0.468
Ccv 0.67

was decreased (27.80 cm and 30.95 cm) in white
(JS 335) and black (EC 993950) genotypes,
respectively. When the seeds are subjected to different
priming treatments it increased to 35.59 cm and 37.59
cm in osmo priming-PEG at 1.1MPa for 6 hrs,
followed by osmo priming-PEG at 1.1MPa for 12 hrs
(33.50 cm and 35.70 cm) in white seed coat (JS 335)
and black seed coat (EC 993950) genotypes,
respectively (Table 2). Results showed that, the higher
shoot length was observed (16.30 cm and 17.35 cm)

in fresh seeds, after 72 h of ageing it was decreased
(13.10 cm and 14.49 cm) in white seed coat (JS 335)
and black seed coat (EC 993950) genotype,
respectively. When the aged seeds were subjected to
different priming treatments, it was increased to 16.79
cm and 17.75 cm in osmo priming-PEG at 1.1MPa
for 6 hrs, followed by osmo priming-PEG at 1.1MPa
for 12 hrs (15.93 cm and 16.93 cm) in white seed coat
(JS 335) and black seed coat (EC 993950) genotype,
respectively. The higher root length was observed

20

18

mEC993608
mEC993850
mEC993950
1EC993703
mEC993937
mJS 335

Fig. 1 : Influence of aging and priming treatments on shoot length (cm)
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mEC993937
o mJS 335
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Fig. 2 : Influence of aging and priming treatments on root length (cm)

(18.97 cm and 20.55 cm) in fresh seeds, after 72 h of
ageing it was decreased (14.70 cm and 16.46 cm).
When the seeds are subjected to different priming
treatments it was increased to 18.80 cm and 19.84 cm
in osmopriming-PEG at 1.1MPa for 6 hrs, followed
by osmopriming-PEG at 1.1MPa for 12 hrs (17.57
cm and 18.77 cm) in white seed coat (JS 335) and
black seed coat (EC 993950) genotype respectively
(Fig. 1 and 2). Our results are in conformity with the
account of Guan et al. (2009) who found that priming
increases the seed and seedling growth parameters.

Basra et al. (1989) revealed that vit - C induced the
seed germination percentage, radical length of seeds
and seedling vigor index of soybean, pea and tomato
seeds.

Mean Seedling Dry Weight

The initial mean seedling dry weight of 51.13 mg and
58.32 mg in fresh seeds, decreased to 35.34 mg and
43.37 mg after 72 h of ageing in white (JS 335) and
black (EC 993950) genotypes, respectively. When the
seeds were subjected to different priming treatments,

TABLE 3

Influence of ageing and priming treatments on mean seedling dry weight (mg)

EC993608  EC993850  EC993950 EC993703  EC993937 IS 335 Mean

(G1) (G2) (G3) (G4) (G5) (G6)
B Fresh/control (T1) 56.26 57.16 58.32 4823 49.64 51.13 53.46
M Ageing for 72 hrs (T2)  40.25 40.80 4337 30.87 32.99 35.34 37.27
& Hydro priming (T3) 4525 46.52 47.82 37.12 37.99 39.65 42.39
&) Vit C priming (T4) 46.97 48.40 51.42 38.98 40.04 43.06 44.81
B} PEG for12 hrs (T5) 47.51 49.13 52.73 39.15 41.16 4436 45.67
Bl PEG for 6 hrs (T6) 48.87 49.43 54.44 40.50 42.06 46.07 46.89
3y MEAN 47.52 48.57 51.35 39.14 40.64 4327
< SEM SED CD
K] TRT 0.105 0.149 0.394
g conce 0.105 0.149 0.394
N TG 0.258 0.365 0.965
S cv 0.99
=
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the mean seedling dry weight increased to 46.07 mg
and 54.44 mg in osmo priming-PEG at 1.1MPa for 6
hrs, followed by osmo priming-PEG at 1.1MPa for
12 hrs (44.36 mg and 52.73 mg) in white seed coat
(JS 335) and black seed coat (EC 993950) genotypes,
respectively (Table 3). Priming promotes
carbohydrates present in the seeds to be readily
utilized for the cell division. Consequently it leads to
increase in seedling root length, seedling shoot length
and seedling dry weight (Mahakham et al., 2017).

Seedling Vigor Indices

The data presented in Table 4 and 5 showed that the
seeds of genotype EC 993950 had higher vigor indices,
3424 and 5268 as SVI-I and SVI-II than seeds of
genotype JS 335 (3345 and 4892 as SVI-I and SVI-
II) before ageing. However, after 72h of ageing the
seeds of genotype JS 335 showed reduced vigor (1798
and 2285 as SV-I and SV-II) than EC 993950 (2321
and 3252 as SVI-I and SVI-II). A similar trend was
observed in mean seedling length (Table 2) and mean
seedling dry weight (Table 3) though the viability was
not affected. The difference in vigor of seeds before
ageing might be due to the difference in germination
per cent, as the vigor estimation includes germination
per cent for calculation. The effect of deterioration in
seeds reflects as varied germination per cent in fresh
and aged seeds. The reason for contrasting results in

vigor after ageing between JS 335 and EC 993950
could be due to the deterioration and resistance
exhibited in JS 335 and EC 993950, respectively. This
shows that the genotype, EC 993950 with black
colored seed coat has higher vigor after ageing than
JS 335 with white seedcoat. Studies have already
reported low vigor due to increased deterioration and
damage in genotypes with colorless seed coat than in
colored genotypes which have been related to the seed
coat composition and thickness (Kazim, 2010).

When, the aged seeds were subjected to different
priming treatments there was an increase in SVI-I and
SVI-II in all the genotypes. Among priming
treatments, increased SVI-I (2491 and 3007) and SVI-
11 (3225 and 4355) were recorded in the seeds of osmo
priming-PEG at 1.1MPa for 6 hrs, followed by osmo
priming-PEG at 1.1MPa for 12 hrs (SVI-I, 2311 and
2797) and SVI-II, 3061 and 4130) in white seed coat
(JS 335) and black seed coat (EC 993950) genotypes,
respectively (Table 4 and 5). The higher germination,
mean seedling length and dry weight from invigorated
seeds resulted in high seedling vigor indices (SVI I,
SVI II). The increased food reserve mobilization
efficiency of primed seeds resulted in better seed
germination and seedling length which in turn
increased the seedling vigor index I and II (Dey et al.,
2013).

TABLE 4

Influence of ageing and priming treatments on SVI-I

EC993608 EC993850

EC993950

EC993703 EC993937 JS 335

(G1) (G2) (G3) (G4) (G5) (G6) Mean
Fresh/control (T1) 3072 3111 3424 3188 3247 3345 3231
Ageing for 72 hrs (T2) 2092 2151 2321 1657 1716 1798 1956
Hydro priming (T3) 2211 2357 2492 1856 1928 2022 2145
Vit. C priming (T4) 2401 2552 2642 1996 2069 2186 2308
PEG for12 hrs (T5) 2589 2719 2797 2125 2200 2311 2457
PEG for 6 hrs (T6) 2783 2922 3007 2287 2396 2491 2648
MEAN 2525 2635 2781 2185 2259 2359

SEM SED CD
TRT 11.94 16.89 44.69
CONC 11.94 16.89 44.69
T*G 29.26 4137 109.47
cv 2.06
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TABLE 5

Influence of ageing and priming treatments on SVI-II

EC993608 EC993850 EC993950  EC993703 EC993937  JS 335 Mean

(G1) (G2) (G3) (G4) (GS) (G6)
Fresh/control (T1) 4988 5125 5268 4550 4699 4892 4920
Ageing for 72 hrs (T2) 2938 2991 3252 1955 2100 2285 2587
Hydro priming (T3) 3409 3567 3714 2437 2507 2656 3048
Vit. C priming (T4) 3569 3743 4011 2586 2682 2942 3256
PEG for12 hrs (T5) 3658 3816 4130 2610 2772 3061 3341
PEG for 6 hrs (T6) 3828 3905 4355 2741 2888 3225 3490
MEAN 3732 3858 4122 2813 2941 3177

SEM SED CD
TRT 17.47 24.70 65.36
CONC 17.47 24.70 65.36
T*G 42.79 60.51 160.10
Ccv 2.15

Electrical Conductivity of Seed Leachates

To confirm the differential response of genotypes with
respect to deterioration of seeds due to ageing, the
damage to the seed coat after accelerated ageing was
measured as Electrical conductivity (EC) of seed
leachates. The EC increased in all the genotypes with
ageing period and there was a difference in EC values
among genotypes. Results showed that, the fresh seeds
had EC values of 15.11 pSem'g! and 11.57 uScm'g
"and after 72 h of ageing it increased to 52.32 uScm-
gl and 42.62 uSem'g! in EC 993950 and JS 335,
respectively. But the genotype, EC 993950 showing
comparatively lower EC levels than the genotype JS
335. When the aged seeds are subjected to different
priming treatments the EC values were 33.03 uScm
gl and 28.62 uScm'g!'in osmo priming-PEG at
1.1MPa for 6 hrs, followed by osmo priming-PEG at
1.1MPa for 12 hrs (34.80 uScm'g! and 30.69 uScmr
'g!) in white seed coat (JS 335) and black seed coat
(EC 993950) genotypes, respectively (Table 6).

ANOVA was used to test the significance of the data
and there was a significant difference (P<0.01) in seed
quality parameters between genotypes and between
different ageing treatments. Electrical conductivity
results showed that EC values increased as seeds aged.
Parrish et al. (1982) reported that an increase in

electrolyte leakage in deteriorated seeds is an
indication of membrane deterioration leading to the
ageing of seeds. However, the genotype, EC 993950
had comparatively lower EC than the genotype, JS
335 though both genotypes showed increased EC with
ageing period. This shows that all the genotypes had
different levels of membrane damage during ageing,
with black genotypes having lower seed coat damage
compared to white. The reason for the higher integrity
of seed coat in black genotypes could be attributed to
the presence of proanthocyanidins with free radical
scavenging activity (Takahata er al., 2001) which
would in turn help in cell repair mechanisms
preventing membrane damage (Bailly, 2004).

Total Dehydrogenase (TDH)

Results showed that the fresh seeds had comparatively
higher TDH (1.461 OD @ A480 nm and 1.828 OD @
A480 nm) than the seeds subjected to ageing (0.794
OD @ A480 nm and 1.150 OD @ A480 nm) in white
(JS 335) and black (EC 993950) genotypes,
respectively. However, priming of the seeds increased
the TDH activity. Among different priming treatments,
the osmo priming-PEG at 1.1MPa for 6 hrs recorded
higher TDH (1.181 OD @ A480 nm and 1.541 OD @
A480nm), followed by osmo priming-PEG at 1.1MPa
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TABLE 6

Influence of aging and priming treatments on electrical conductivity

EC993608 EC993850 EC993950  EC993703 EC993937  JS 335 Mean

(G1) (G2) (G3) (G4) (GS) (G6)
Fresh/control (T1) 13.18 11.93 11.57 17.00 16.49 15.11 14.21
Aging for 72 hrs (T2) 45.86 43.44 42.62 55.09 54.95 52.32 49.05
Hydro priming (T3) 36.09 35.41 34.64 42.26 4191 39.35 38.28
Vit. C priming (T4) 34.58 33.16 32.84 40.36 40.00 37.22 36.36
PEG forl2 hrs (T5) 33.05 31.37 30.69 37.75 37.40 34.80 34.18
PEG for 6 hrs (T6) 30.65 29.38 28.62 36.09 35.04 33.03 32.14
MEAN 32.24 30.78 30.16 38.09 37.63 35.30

SEM SED CD
TRT 0.326 0.461 1.220
CONC 0.326 0.461 1.220
T*G 0.798 1.129 2.987
(Y 4.06

for 12 hrs (1.100 OD @ A480 nm and 1.503 OD @
A480 nm) in white seed coat (JS 335) and black seed
coat (EC 993950) genotypes, respectively (Table 7).
Thus, the seeds of genotype JS 335 due to ageing and
related deterioration had higher reduction in TDH than
the genotype EC 993950. Previous studies have show
that the TDH activity decreases in aged and

deteriorated seeds (Verma et al., 2003). The activity
of TDH correlates with vigor and germination per cent
of seeds. The seeds of genotype, JS 335 showed higher
reduction in germination per cent, vigor and TDH that
the genotype, EC 993950 with lower change in TD
Hactivity. Dehydrogenase activity is an indicator of
root vitality and used as comprehensive assessment

TABLE 7

Influence of ageing and priming treatments on TDH (OD @480 nm)

EC993608 EC993850

EC993950

EC993703 EC993937 JS 335

(G1) (G2) (G3) (G4) (G5) (G6) Mean
Fresh/control (T1) 1.676 1.696 1.828 1.387 1.444 1.461 1.582
Ageing for 72 hrs (T2) 0.996 1.036 1.150 0.713 0.764 0.794 0.909
Hydro priming (T3) 1.237 1.270 1.390 0.952 1.004 1.031 1.147
Vit. C priming (T4) 1.258 1.291 1.309 0.972 1.025 1.094 1.158
PEG for12 hrs (T5) 1.279 1.364 1.503 0.993 1.117 1.100 1.226
PEG for 6 hrs (T6) 1.341 1.389 1.541 1.149 1.148 1.181 1.361
MEAN 1.354 1.392 1.501 1.067 1.133 1.157

SEM SED CD
TRT 0.012 0.017 0.045
CONC 0.012 0.017 0.045
T*G 0.030 0.042 0.110
cv 4.03
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TABLE 8

Interaction effect of treatments and genotypes on germination, mean seedling length, SVI-I, SVI-II,
EC, TDH activity in fresh, aged and primed seeds

Treatment Germination Mean seedling SVLI SVLII EC TDH (OD
*Genotype % length (cm) (uSem'gh) @ A480 nm)
T1G1 88.67 34.65 3072 4988 13.18 1.676
T1G2 89.67 34.70 3111 5125 11.93 1.696
T1G3 90.33 37.90 3424 5268 11.57 1.828
T1G4 94.33 33.80 3188 4550 17.00 1.387
T1G5 94.67 34.30 3247 4699 16.49 1.444
T1G6 95.67 34.97 3345 4892 15.11 1.461
T2G1 73.00 28.66 2092 2938 45.86 0.996
T2G2 73.33 29.33 2151 2991 43.44 1.036
T2G3 75.00 30.95 2321 3252 42.62 1.150
T2G4 63.33 26.16 1657 1955 55.09 0.713
T2G5 63.67 26.95 1716 2100 54.95 0.764
T2G6 64.67 27.80 1798 2285 52.32 0.794
T3G1 75.33 29.35 2211 3409 36.09 1.237
T3G2 76.67 30.74 2357 3567 3541 1.270
T3G3 77.67 32.09 2492 3714 34.64 1.390
T3G4 65.67 28.27 1856 2437 42.26 0.952
T3G5 66.00 29.22 1928 2507 4191 1.004
T3G6 67.00 30.18 2022 2656 39.35 1.031
T4G1 76.00 31.59 2401 3569 34.58 1.258
T4G2 77.33 32.99 2552 3743 33.16 1.291
T4G3 78.00 33.87 2642 4011 32.84 1.309
T4G4 66.33 30.09 1996 2586 40.36 0.972
T4G5 67.00 30.89 2069 2682 40.00 1.025
T4G6 68.33 31.99 2186 2942 37.22 1.094
T5G1 77.00 33.63 2589 3658 33.05 1.279
T5G2 77.67 35.00 2719 3816 31.37 1.364
o T5G3 78.33 35.70 2797 4130 30.69 1.503
§ T5G4 66.67 31.87 2125 2610 37.75 0.993
-% T5G5 67.33 32.68 2200 2772 37.40 1.117
ij T5G6 69.00 33.50 2311 3061 34.80 1.100
§ T6G1 78.33 35.53 2783 3828 30.65 1.676
% T6G2 79.00 36.98 2922 3905 29.38 1.696
§O T6G3 80.00 37.59 3007 4355 28.62 1.828
fi T6G4 67.67 33.79 2287 2741 36.09 1.387
< T6GS 68.67 34.90 2396 2888 35.04 1.444
N T6G6 70.00 35.59 2491 3225 33.03 1.461
?0) TOTAL 2707.33 1168.22 88463 123858 1225.25 45.627
§ MEAN 75.20 32.45 2457 3440 34.03 1.267
gx
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index reflecting the metabolic activity level and root’s
ability to absorb nutrients and water. The enhanced
source to sink relation leads to better accumulation
of food reserves like protein and carbohydrates
(Mahakham et al., 2017). Higher the dehydrogenase
activity higher is the germination (Mahakham et al.,
2017).

Results in the present study showed that the genotypes
with white seed coat are more susceptible to
deterioration than genotypes with black seed coat. The
reason for the higher resistance of seed coat in black
genotypes could be attributed to the presence of lignin,
tannin and other metabolites with free radical
scavenging activity which would in turn help in cell
repair mechanisms preventing membrane damage
(Bailly, 2004)

Among different priming treatments imposed to the
aged seeds, the osmo priming-PEG at 1.2MPa for
6 hrs recorded higher germination percentage, mean
seedling length, SVI-1 and SVI-II, lower EC and TDH
in EC 993950 (black seed coat). The genotype, JS
335 recorded higher seed quality parameters among
the genotypes with white seed coat with osmo priming-
PEG at 1.1MPa for 6 hrs followed by osmo priming-
PEG at 1.1MPa for 12 hrs. Primed seeds produced
healthy and vigorous seedlings with increased
gibberellin, hydrolytic enzyme production which aids
in reserve mobilization which decides healthy
seedlings (Zhu et al., 2010 and Wang et al., 2011).

The study explored how priming influences
accelerated ageing in two contrast colored soybean
seed coat genotypes, black and white, focusing on their
resistance to deterioration. The genotype with black
seed coat demonstrated greater resilience to ageing,
as reflected in superior seed quality traits such as
germination rate, root and shoot length, average
seedling length and dry weight, as well as seedling
vigor indices I and II. Membrane damage evaluated
by measuring the electrical conductivity (EC) was
higher in aged seeds compared to fresh seeds,
indicating increased membrane permeability.
However, seed priming particularly osmo priming
with polyethylene glycol (PEG) significantly reduced

EC, suggesting improved membrane stability.
Dehydrogenase (TDH) activity, a marker of seed
metabolic health was higher in fresh seeds and
declined with ageing. Priming treatments enhanced
TDH activity in aged seeds, with the most pronounced
effect again observed in PEG-primed seeds treated
for 6 hours. Seeds with white seed coat were more
vulnerable to deterioration than those with black seed
coat. The enhanced seed quality, lower EC and higher
TDH activity in black-coated seeds point to better
membrane integrity. This advantage is likely due to
the presence of proanthocyanidins in the black seed
coat, compounds known for their antioxidant
properties that help mitigate cellular damage during

aging.
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