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10. Title of the Project Physiological and Molecular Markers for Assessing Viability
of Vegetable Seeds During Storage.
11. Objectives of the project The present study was planned with following objectives.

i) To study the effects of storage for various durations
and accelerated ageing on seed viability and seedling
vigour in seeds of hot pepper, bitter gourd and onion.

i) To study the effects of seed storage and accelerated
ageing on anti-oxidant defense mechanism, alteration
in DNA and proteomics.

iii) To determine the efficacy of pre- sowing treatments
restoring the viability and vigour of stored and aged
seed respectively.

12. Whether objectives were yes
achieved (give details)
13. Achievements from the project Attached as Annexure -A
14. Summary of the findings (500 e Rapid loss in viability of onion seeds during seed

words)

storage is a major problem. Seeds of onion (Allium
cepa L.) cv. Punjab Naroya harvested in June were
subjected to three post harvest storage procedures,
viz; refrigerator storage at (5°C; 30% RH) for 4
months  (considered as fresh seeds), room
temperature storage for 4 months (stored seeds) and
accelerated aged seeds. Refrigerator stored seeds
were subjected to accelerated ageing (5°C; 90% RH)
for 3, 6, 9 and 12 days respectively. The refrigerated
stored seeds showed maximum germination
percentage (94%) while seeds accelerated aged for
twelve days gave least germination percentage
(62%). As the duration of ageing increased, there was
a marked reduction in seedling length, fresh and dry
weight. All the ageing treatments resulted in
membrane damage, as is evident from higher solute
leakage in aged seeds. Increase in ageing duration led
to an increase in total soluble sugars and total free
amino acids and an increase in activities of enzymes
viz; peroxidase, catalase and a-amylase. The contents
of total starch, total soluble proteins, ascorbic acid, a-
tocopherol and DNA decreased with accelerated
ageing.
e Bitter gourd (Momordica charantia L.) cv. Punjab
14 seeds harvested in mid-June were subjected to

three post-harvest storage procedures, viz., fresh
seeds (5°C and 30% RH) for 8 months (stored in




refrigerator), stored seeds (kept at room
temperature) for 8 months and accelerated aged
seeds. Fresh seeds stored in refrigerator were
subjected to accelerated ageing (45°C; 90% RH)
for 3, 6 and 9 days, respectively. Our results
showed that increasing ageing duration resulted in
reduction in germination percentage and seedling
vigour index. All the ageing treatments resulted in
membrane damage, which was evident from higher
solute leakage in such seeds. Biochemical changes
due to ageing included a reduction in content of
total soluble proteins whereas, the total soluble
sugars and total free amino acids increased with
accelerated ageing. There was a decrease in the
activities of antioxidant related enzymes, Vviz.,
catalase and peroxidase. Exceptionally, a-amylase
activity increased with accelerated ageing. The
amount of ascorbic acid, a-tocopherol and DNA
also reduced with accelerated ageing..

e Freshly harvested seeds of hot pepper var. Punjab
Sindhuri and hybrid CH-27 were stored in
refrigerator (controlled ageing) and at room
temperature (natural ageing) for 12 months. The
seeds kept for controlled ageing were drawn at 3
monthly intervals and subjected to accelerated
ageing for 3, 6, 9 and 12 days respectively. Ageing
significantly affected seed quality in terms of
physiological (germination per cent, mean days to
germination, seedling vigour index, fresh and dry
weight, electrolytic leakage and moisture content),
biochemical (content of total soluble sugars, starch,
total soluble proteins, total free amino acids,
ascorbic acid, a-tocopherol, malondialdehyde,
hydrogen peroxide, change in protein profile by
SDS PAGE, activity of enzymes, viz; POD,SOD,
CAT, a-amylase activity and molecular (alteration
in DNA by SSR markers) aspects. To restore the
germinability, the seeds were primed in KNOs,
GAs;, PEG and Ascorbic acid. All priming
treatments significantly improved germination
parameters over control but the treatments differed
among themselves in magnitude. The improvement
in seed quality and germination parameters due to
priming was attributed to increased activity of
antioxidant enzymes (POD, SOD, CAT) and
reappearance of some protein bands degraded
during storage.

15.

Contribution to the society (give
details)

Physiological, biochemical and molecular aspects of seed
deterioration have been studied in three vegetable crops viz.,
Allium, Mormordica and Capsicum. These will help to design
better storage protocols and may be incorporated into
breeding programs for enhancing seed storability. Pre sowing




treatments to ameliorate seed deterioration occurring during
storage have also been suggested.

16. Whether any Ph.D.
enrolled/produced out of the MSc:2
project PhD:1
17. No. of publications out of the Research papers: Annexure :B

project

Published/accepted:2
Submitted:4
Abstracts:5
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Annexure-A
Achievements from the project:

Seed quality undergoes deterioration when subjected to unfavorable storage conditions such as high
temperature and high relative humidity. Upon, sowing, the first indication of seed deterioration is loss
of seedling vigour followed by decline in viability. Seeds of vegetable crops are particularly
susceptible to damage during storage. The duration from harvesting to sowing of seeds may vary from
a few months to several years. It is during this time the quality of seeds may decline. Under Indian
conditions, due to wide variation in climatic conditions (temperature and relative humidity) and
technological shortcomings, safe storage is beyond the reach of many farmers. Consequently, even
short term storage of current season’s harvest until next sowing poses serious problems to farmers.

The present studies were conducted on seeds of vegetable crops.

Momordica charantia :

Methodology:

Freshly harvested seeds of bitter gourd (Momordica charantia L. cv. Punjab 14) were separated into
three lots and subjected to three post-harvested storage procedures. One lot was stored under optimim
conditions in a refrigerator at 5 C at 30 % RH in moisture proof plastic bags for upto 8 months. These
seeds were not exposed to any accelerated ageing treatment and were taken as fresh seeds (control).
The second lot was kept at room temperature in plastic containers for upto 8 months (stored seeds)
whereas the third lot was accelerated aged at 45 C at 90% RH for 3, 6 and 9 days respectively just
before subjecting them to germination studies. The high RH conditions were created in desiccators by
placing saturated solution of NaCl at the base of desiccators. Estimations were made on seed
germination and its speed, seedling growth in terms of length of seedling and its part viz., root and
shoot and seedling fresh and dry weight. Biochemical tests of seed vigour such as electrical
conductance were also conducted. Total soluble sugars, total soluble proteins, total free amino acids,
ascorbic acid and a-tocopherol were estimated at various stages of ageing. Antioxidant enzymes such
as catalase, peroxidase and hydrolytic enzymes such as a-amylase activities were determined in the
present studies. DNA alteration and SDS-PAGE protein profile were also estimated under different
storage conditions.

Salient Findings:

e There was a significant reduction in percent germination and its speed with progressive
storage. Highest percent germination was observed in refrigerator stored fresh seeds
(93.34%) and least (46.6%) in seeds that had been accelerated aged for 9 days.

Seeding length, root and shoot length recorded a reduction with storage period. The

maximum average root and shoot length was recorded from fresh seeds (15.76 and 8.67



cm respectively) and the shortest average root and shoot length was recorded from seeds
that had been accelerated aged for 9 days (7.76 and 4.68 cm respectively). This reduction
might be due to the damaging effect of ageing on enzymes,that are necessary to convert
reserve food in the embryo to usable form and ultimately production of normal seedlings.

Seed membrane damage in terms of electrical conductivity of seeds increased
significantly in seeds that had been accelerated aged for 9 days as compared to unaged

seeds. This indicates a reduction in seed vigour and viability.

Table 1: Effect of different storage conditions and accelerated ageing on germination percentage (G %), mean
days to germination (MDG),seedling vigour index (SVI), shoot (SL), root (RL), seedling lengths (SDL),
seedling fresh weight (FW), dry weight (DW) and electrolyte leakage (EL) in bitter gourd (Momordica
charantia L.) cv. Punjab 14 seeds

Treatments G% MDG SVI SDL RL(cm) SL FW (g) | DW (9) EL
(cm) (cm) (%)
Fresh seeds 93.34 0.359 23.2 24.43 15.76 8.67 2.443 0.249 73.04
Stored 86.67 0.405 18.4 20.88 12.92 7.95 2.198 0.212 75.92
seeds
AA 3 days 73.3 0.472 14.6 17.91 10.9 7.00 2.143 0.200 78.70
AA 6 days 60 0.668 10.5 15.3 9.74 5.56 1.964 0.174 82.27
AA 9 days 46.6 111 5.46 12.44 7.76 4.68 1.503 0.117 85.51
CD 12.42 0.039 2.25 1.67 1.23 0.625 0.221 0.016 5.44
(p<0.05)

e The biochemical analysis revealed that accelerated ageing led to significant increase in
the level of total soluble sugars with concomitant increase in the activity of a- amylase.
Total soluble proteins showed a reduction with increasing accelerated ageing duration
while total free amino acid increases. The possible reason for this increase is increased
enzymatic degradation of proteins by proteases leading to a sharp increase in total free
amino acids. With increase in ageing time period, both peroxidase and catalase enzymes
showed sharp decline in their activity. The loss in enzyme activity may result from age
induced protein deterioration. There was also reduction in antioxidants such as ascorbic
acid and a-tocopherol than control. Maximum ascorbic acid and a-tocopherol content was
observed in refrigerator stored fresh seeds (0.799 pg g* FW and 5.64 pg g* FW) and
minimum ascorbic acid and a-tocopherol content was observed in seeds that had been
accelerated aged for 9 days (0.155ug g™t FW and 0.75 pg gt FW).



With regard to seed reserves, at the end of storage period, the maximum value of total
soluble sugars was observed in seeds that had been accelerated aged for 9 days and
minimum value was observed in fresh seeds stored in refrigerator (Table 2). There was a
significant decline in the

soluble protein content with increase in ageing time period.The amount of total soluble
proteins was less in seeds that had been accelerated aged for 9 days (0.63 mg g FW)
while it was maximum in fresh seeds (3.40 mg g* FW) stored in refrigerator (Table 2).
On the other hand, the maximum value of total free amino acids was observed in seeds
that had been accelerated aged for 9 days (0.63 mg g* FW) while minimum value was
observed in fresh seeds (0.228 mg g FW) stored in refrigerator (Table 2). The activities
of various antioxidants and enzymes were adversely affected by ageing. The peroxidases
showed sharp decline in its activity under accelerated ageing conditions (Table 2). It’s
activity in unaged or fresh seeds was found to be maximum (0.0583 AA min™ g FW) as
compared to seeds that had been accelerated aged for 9 days (0.0296 AA min™ g FW).
Likewise, highest catalase enzyme activity was observed in fresh seeds (0.411 AA min
gl FW) while the lowest value was observed in seeds that had been accelerated aged for 9
days (0.015 AA mint g FW) (Table 2). However, o-amylase activity gets increased as
the ageing duration increases (Table 2). Maximum activity was observed in seeds that had
been accelerated aged for 9 days (0.0667 ug maltose produced/ml/min.) while minimum
activity was observed in fresh seeds (0.028 pg maltose produced/ml/min.) Among the
antioxidants, the ascorbic acid content decreased significantly as the duration of
accelerated ageing increased (Table 2). The maximum value of ascorbic acid was
recorded from fresh seeds (0.799ug g FW) while minimum value was observed in seeds
that had been accelerated aged for 9 days (0.155 pg g* FW). Similarly, the content of a-
tocopherol decreased in seeds subjected to accelerated ageing (Table 2). The maximum
value of o-tocopherol was recorded from fresh seeds (5.64 pg g! FW), while the
minimum value was observed in seeds that had been accelerated aged for 9 days (1.75 pg
gl FW).

Increase in DNA degradation is one of the key physiological events occurring during seed
deterioration. In the present study, maximum DNA content was observed in fresh seeds
(200 ng/uL) while seeds that had been accelerated aged for 12 days exhibit negligible
DNA content.



e A significant fall in the content of DNA was evident in the ageing bitter gourd seeds

under different storage conditions (Table 3; Fig 1). Maximum DNA content was observed

in refrigerator stored (fresh) seeds (200ng/uL) while seeds that had been accelerated aged

for 12 days negligible DNA content was observed.

Table 2: Effect of different storage conditions and accelerated ageing on biochemical parameters (total soluble
sugars (TSS), total soluble proteins (TSP), total free amino acids (TFAA), peroxidase (POD), catalase (CAT),
a-amylase, ascorbic acid (ASA) and a-tocopherol) in bitter gourd (Momordica charantia L.) cv. Punjab 14

seeds:

Treatments | TSS TSP TFAA POD CAT ag-amylase ASA a-
(mg | (mgg?®) | (mgg?l) | (AA min" | (AA min (ugmaltose (ngg™) | tocopherol
g FW FW g FW | g FW | produced/ml/min) FW (ngg) FW
FW

Fresh seeds | 4.18 3.40 0.228 0.0583 0.411 0.028 0.799 5.64

Stored 5.13 2.99 0.318 0.0510 0.227 0.0326 0.432 4.92

seeds

AA 3 days 5.57 1.84 0.45 0.0460 0.098 0.039 0.368 4.22

AA 6 days 6.89 1.45 0.564 0.0393 0.047 0.0526 0.258 2.81

AA 9 days 8.66 0.63 0.63 0.0296 0.015 0.0667 0.155 1.75

CD (p<0.05) | 1.22 | 0.418 | 0.0616 | 0.00381 0.0828 0.0043 0.135 0.691

Table 3: Effect of different storage conditions and accelerated ageing on DNA content in bitter gourd

(Momordica charantia L.) cv. Punjab 14 seeds:

Treatments DNA content (ng/uL)
Fresh seeds 200
Stored seeds 100




AA 3 days 100
AA 6 days 50
AA 9 days 50
AA 12 days Negligible

C D E F
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Fig. 1: Effect of accelerated ageing on DNA content in bitter gourd (Momordica charantia L.) cv.
Punjab 14 seeds under different storage conditions
A = Fresh seeds; B = Stored seeds;
C = Accelerated aged (3 days); D = Accelerated aged (6 days);
E = Accelerated aged (9 days); F = Accelerated aged (12 days)

The SDS-PAGE profile of bitter gourd seeds subjected to accelerated ageing showed a
changed banding pattern as indicated by their Rm values. A total of 7 bands were observed with Rm
value ranging from 0.416-0.85 (Table 4). The maximum intensity of protein bands was observed in
fresh seeds while intensity of protein bands decreases as duration of ageing increases while the

number of bands did not differ among the various ageing treatments.

Table 4: Effect of accelerated ageing on relative mobility of total soluble protein profile in bitter
gourd (Momordica charantia L.) cv. Punjab 14 seeds under different storage conditions:

v

< Rm value
Band Fresh seeds Room temp. | Accelerated | Accelerated | Accelerated Accelerated
no. (Refrigerator | stored seeds ageing ageing ageing ageing
stored) (8 months) (3 days) (6 days) (9 days) (12 days)
1 0.43 0.43 0.43 0.416 0.416 0.416




2 0.583 0.583 0.583 0.583 0.55 0.53
3 0.63 0.667 0.667 0.667 0.63 0.616
4 0.73 0.73 0.75 0.75 0.73 0.7

5 0.75 0.76 0.783 0.783 0.75 0.73
6 0.76 0.783 0.80 0.80 0.783 0.76
7 0.783 0.80 0.83 0.85 0.80 0.80

The intensity of bands showed significant difference between aged and control samples. In the

present study, soluble proteins of various vigour categories along with control, revealed that the

intensity of bands decreased with a reduction in seed vigour (Table 5, Fig 2). The maximum intensity

of protein bands was observed in fresh seeds while intensity of protein bands decreases as duration of

ageing increases. While the number of bands did not differ among the various categories.

Table 5: Effect of accelerated ageing on intensity of total soluble protein profile in bitter
gourd (Momordica charantia L.) cv. Punjab 14 seeds under different storage conditions:

Band | Fresh seeds | Room temp. | Accelerated | Accelerated | Accelerated | Accelerated
no. | (Refrigerator | stored seeds ageing ageing ageing ageing
stored) (8 months) (3 days) (6 days) (9 days) (12 days)
1 ++++ ++++ ++ ++ ++ ++
2 ++++ ++++ ++ ++ +++ +++
3 ++++ ++++ +++ +++ +++ +++
4 ++++ ++++ + + ++ +
5 ++++ ++++ + + ++ +
6 ++++ ++++ + ++ + +
7 ++++ ++++ + + + +

Where + very light, ++ light, +++ dark and ++++ very dark
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Fig. 2: Effect of accelerated ageing on electrophoretic banding patterns of proteins in bitter
gourd (Momordica charantia L.) cv. Punjab 14 seeds under different storage conditions
A = Fresh seeds; B = Stored seeds;

C = Accelerated aged (3 days); D = Accelerated aged (6 days);
E = Accelerated aged (9 days); F = Accelerated aged (12 days);
M = Protein ladder

From the present study, it is concluded that seed ageing has great impact on seed germination
and seedling vigour under unfavourable storage conditions of high temperature and high relative
humidity. As the storage duration in seed increases, various quality parameters viz., total soluble
proteins, a-tocopherol and ascorbic acid content decreases while total soluble sugars and total free
amino acid content increases. Ageing also leads to deterioration of membranes as indicated by an
increase in conductivity of seed leachate, which intern affects the activities of various enzymes such
as catalase, peroxidase and a-amylase. DNA in low viability seeds has a lower mean molecular
weight than in high viability seeds. The electrophoretic banding pattern of seed proteins showed
deteriorative changes during ageing of seed at high temperature and high relative humidity. Present
study showed that higher molecular weight protein deteriorates at accelerated ageing as well as

ambient conditions and with increase in storage period.



Capsicum annuum
Methodology:

The study was carried out on two genotypes of hot pepper viz; Punjab Sindhuri and CH-27
during 2016-17 and 2017-18. The freshly harvested seeds of both genotypes of hot pepper were stored
in refrigerator at 5°C at 30% RH in moisture proof plastic bags (controlled ageing) and at room
temperature in plastic containers (natural ageing) for 12 months. After every 3 months, the controlled
aged seeds were further aged by exposing to high temperature and high humidity (45°C at 90% RH)
for 3, 6, 9 and 12 days respectively (accelerated ageing).The high RH conditions were created in
desiccators by placing saturated solution of NaCl at the base of desiccators.In the second consecutive
experiment, the same seed lot after 12 months of storage in refrigerator and room temperature and
further accelerated aged for 3,6,9 and 12 days were subjected to priming treatments viz. polyethylene
glycol (25% and 30%), KNOs (1% and 2%), gibberellic acid (30ppm and 50ppm) and ascorbic acid
(2% and 2.5%) solutions. Observations were recorded on seed germination and its speed, seedling
vigour index, seedling growth in terms of length of seedling and its part viz., shoot and root, seedling
fresh and dry weight and moisture content. Conductivity of electrolytic leakage from aged and primed
seeds were recorded. Total soluble sugars, starch content, total soluble proteins, total free amino acids,
ascorbic acid and a-tocopherol were estimated at various stages of ageing. The MDA and H.O. were
determined. Activity of antioxidant enzymes such as catalase, peroxidase, superoxide dismutase and
hydrolytic enzyme such as a-amylase were determined. Alteration in DNA by SSR markers and
change in protein profile by SDS- PAGE were also estimated in seeds subjected to different storage

conditions and after priming treatment also.

Salients Findings:

e There was a reduction in germination percentage, among the seeds subjected to different
ageing treatments. Maximum germination (86.5% and 85.9% respectively in both the
years) was recorded in seeds subjected to controlled ageing and minimum germination
(38.3% and 37.5% respectively in both the years) was recorded in seeds subjected to
accelerated ageing for 12 days. There was a progressive reduction in the germination of
seeds with increase in the storage duration in both the years. The maximum germination
(74.0% and 73.9% respectively in both the years) was observed in freshly harvested seed
and minimum germination (43.3% and 42.8% respectively in both the years) was
recorded in seeds subjected to 12 months of storage (Table 1).

e The effect of ageing and storage on the rate of germination is expressed as Mean days to

germination (MDG). MDG increases with increase in ageing as well as duration of



TABLE 1:

storage. The seedling vigour index also shows a decline with increase in ageing duration
(Table 2). Maximum SVI was recorded in seeds subjected to controlled ageing and least
SVI was recorded in seeds subjected to accelerated ageing for 12 days. Duration of
storage also had significant effect on the SVI of hot pepper seeds. There was a
progressive reduction in the seedling vigour with increase in the storage duration in both
the years. Root, shoot and seedling length varied significantly (Table 3).

The biochemical analyses revealed that accelerated ageing led to significant increase in
the level of total soluble sugars and decrease in starch content. Total soluble proteins
showed a reduction with increasing ageing and duration of storage, while total free
amino acid increases (Table 4,5). The possible reason for this increase is increase in
enzymatic degradation of proteins by proteases which leads to a sharp increase in total

free amino acids.

Response of ageing and duration of storage on germination (%) in hot pepper seeds under

laboratory conditions. (The data are mean values for two genotypes viz; CH-27 and Punjab Sindhuri)

Controlled ) 12 Days
] ) Natural ageing| 3 Days AA |6 Days AA |9 Days AA Mean
eing ageing AA
. 016- 2016- 2017- | 2016- 2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-
Duration 2017-18 2017-18
of 17 18 17 18 | 17 18 | 17 18 | 17 18
Storage
Omonth| 935 938 | 915 920 | 780 77.0 |725 735|60.0 59.0|485 48.0|74.0 73.9
3month| 915 90.5 775 7715 | 735 740 | 675 675|550 54.0|42.0 42.0|67.8 67.6
6 month| 88.0 875 | 595 590 | 640 635 |58.0 575|47.0 46.0|38.0 37.0|59.1 58.4
9month|81.0 800 | 490 480 | 565 575 |53.0 52.0|42.0 42.0|333 32.0|525 51.9
12
785 775 | 375 365 | 415 425 |380 385|345 335|295 285|433 428
month
Mean | 86,5 859 | 63.0 626 | 62.7 629 |57.8 57.8|47.7 469|383 375
AA= Accelerated ageing. (Controlled aged seeds were subjected to AA)
LSD (p=0.05) 2016-17 2017-18
Factor A: Genotypes 0.59 0.52
Factor B: Ageing 1.02
0.09
Factor C: Duration of storage 0.93

0.82




NS

NS

TABLE 2:

Genotypes x Ageing NS

Genotypes x Duration of storage NS
Ageing x Duration of storage 2.28
Genotypes x Ageing x Duration of storage NS

2.02
NS

Response of ageing and duration of storage on mean days to germination (MDG) in hot
pepper seeds under laboratory conditions. (The data are mean values for two genotypes viz; CH-27 and Punjab

Sindhuri).
Controlled Natural
. . . 3 Days AA | 6 Days AA | 9 Days AA | 12 Days AA Mean
eing ageing ageing
buration 2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017- | 2016- 2017-|2016- 2017-
of 17 18 | 17 18 17 18 | 17 18 17 18 17 18 | 17 18
storage
Omonth| 2.74 272|279 279 |3.05 306|386 387|410 4.15 |527 528 |3.64 3.65
3month| 2.78 280|284 285|318 321|394 396|418 421 |562 564|376 3.78
6 month| 2.84 284 | 357 357|363 364|403 4.06|426 427 |577 578 |4.02 4.03
9month| 291 292 | 437 438|402 405|413 414|438 438 | 594 596|430 431
12
month | 3.03 3.03 | 5.64 565|517 518|524 525|560 559 | 672 6.73|523 524
Mean | 2.86 2.87 |3.85 3.85|3.81 383|424 426|451 452 | 587 588

AA= Accelerated ageing. (Controlled aged seeds were subjected to AA)

TABLE 3:

Sindhuri).

LSD (p=0.05) 2016-17 2017-18
Factor A: Genotypes NS
Factor B: Ageing 0.18
Factor C: Duration of storage NS
Genotypes x Ageing NS NS
Genotypes x Duration of storage NS
Ageing x Duration of storage 0.43
Genotypes x Ageing x Duration of storage NS

NS
0.22
NS

NS
0.48
NS

Response of ageing and duration of storage on seedling vigour index (SVI) in hot pepper
seeds under laboratory conditions. (The data are mean values for two genotypes viz; CH-27 and Punjab

Controlled |Natural ageing| 3 Days AA 6 Days AA 9 Days AA 12 Days AA

Mean




Ageing ageing
Durktion| 2016- 2017- | 2016- 2017- | 2016- 2017- | 2016- 2017- | 2016- 2017- | 2016- 2017- | 2016- 2017-
of 17 18 | 17 18 17 18 17 18 17 18 17 18 | 17 18
storage
0 month| 8.51 8.46 | 7.87 7.87 5.85 5.71 4,50 4,57 3.03 298 1.26 1.20 | 5.17 5.13
3month| 7.96 7.82 | 5.97 5.96 4,71 4,70 3.75 3.77 221 2.16 0.82 0.83 | 424 4.21
6 month | 6.82 6.70 | 3.16 3.11 3.55 3.48 2.73 2.67 1.65 157 0.59 056 | 3.08 3.01
9month| 5.11 4,99 1.96 1.87 2.32 2.39 1.96 1.90 093 0.91 0.45 042 | 212 2.08
12
month 401 3.92 | 0.94 0.88 1.50 151 0.95 0.95 0.57 0.57 0.34 031 | 1.39 1.36
Mean 6.48 6.38 | 3.98 3.94 3.59 3.56 2.78 2.77 1.68 1.64 0.69 0.66
AA= Accelerated ageing. (Controlled aged seeds were subjected to AA)
LSD (p=0.05) 2016-17 2017-18
Factor A: Genotypes 0.08
0.09
Factor B: Ageing 0.14
0.16
Factor C: Duration of storage 0.12
0.15
Genotypes x Ageing NS NS
Genotypes x Duration of storage NS NS
Ageing x Duration of storage 0.30
0.36
Genotypes x Ageing x Duration of storage NS NS

The three major antioxidant enzymes, viz. peroxidase, catalase and superoxide dismutase were studied.
Maximum peroxidase activity (0.94 AAming*FW and 0.93 AAmin™ g* FW respectively in both the
years) was recorded in seeds subjected to controlled ageing which was significantly better than the
seeds subjected to natural ageing (0.69 AAmintg*FW and 0.68 AAmin*g*FW respectively in both
the years). Ageing duration reduced the peroxidase activity thus minimum activity (0.27 AAmin? g*
FW and 0.26 AAmin® g* FW respectively in both the years) was recorded in seeds subjected to

accelerated ageing for 12 days. Duration of storage had significant effect on the peroxidase activity of

hot pepper seeds. The maximum peroxidase activity (0.85 AAmin? g FW and 0.84 AAmin* g* FW

respectively in both the years) was observed when seed were extracted and minimum (0.34 AAmin*g?

FW and 0.33AA min? g FW respectively in both the years) was recorded in seeds stored for 12
months (Table 6).

TABLE 4:

Response of ageing and duration of storage on total soluble proteins (mg g*') FW in hot

pepper seeds under laboratory conditions. (The data are mean values for two genotypes viz; CH-27 and Punjab




Sindhuri).

Controlled Natural
] . . 3 Days AA | 6 Days AA | 9 Days AA |12 Days AA Mean
eing ageing ageing
2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-
Duration 17 18 17 18 17 18 17 18 17 18 17 18 17 18
of storage
Omonth | 048 0.47 | 045 045|036 0.36|0.30 029|028 0.28|0.19 019|034 0.34
3month | 042 042 (040 040|032 032]028 028|025 0.25]|0.17 0.17]0.31 0.30
6 month | 0.38 0.38 [ 0.22 0.21|0.23 0.23|0.20 0.20|0.18 0.18|0.13 0.13]0.22 0.22
9month | 0.33 033 |0.16 0.160.19 0.19|0.17 0.17|0.15 0.15|0.11 0.11]0.19 0.18
12 month | 0.30 0.30 | 0.07 0.06 | 0.12 0.12|0.09 0.09 | 0.07 0.07 |0.05 0.05]|0.12 0.11
Mean 038 038 026 026025 024]021 0.20]0.19 0.18]0.13 0.13
AA= Accelerated ageing. (Controlled aged seeds were subjected to AA)
LSD (p=0.05) 2016-17 2017-18
Factor A: Genotypes 0.003 0.001
Factor B: Ageing 0.005
0.003
Factor C: Duration of storage 0.004
0.002
Genotypes x Ageing NS NS
Genotypes x Duration of storage NS NS
Ageing x Duration of storage 0.010
0.006
Genotypes x Ageing x Duration of storage NS NS

Similar trend was recorded in CAT, SOD, and a-amylase activity (Table 7,8,9). Since enzymes are
also proteins, cross linking would seriously disturb their functioning. So, there is a direct correlation
between decline in enzyme activity and loss of viability. There was also reduction in non-enzymatic
antioxidants such as ascorbic acid and a-tocopherol with increase in ageing. Maximum value of
ascorbic acid (1.27 pg g'FW in both the years) was recorded in controlled ageing which was
significantly more than in the seeds subjected to natural ageing (1.04 pg g'FW and 1.03 pg g'FW
respectively in both the years) (Table 10).

TABLE 5: Response of ageing and duration of storage on total free amino acids (mg g*) FW in hot
pepper seeds under laboratory conditions. (The data are mean values for two genotypes viz; CH-27 and Punjab



Sindhuri).

Controlled Natural
3 Days AA | 6 Days AA | 9 Days AA |12 Days AA Mean

geing ageing ageing
2016- 2017-|2016- 2017-{2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-
Duratio
of storage 17 18 17 18 | 1v 18 | 1v 18 | 17 18 | 17 18 | 17 18

0 month 011 012|012 012|015 015|0.17 0.17|0.23 0.24|037 037019 0.20
3 month 0.13 0.13 014 014016 0.16|0.18 0.18|0.26 0.27|0.38 038|021 0.21
6 month 0.14 0.14 019 019017 017|020 020|029 0.29|0.38 0.39|0.23 0.23
9 month 0.16 0.16 | 022 0.23|0.18 0.19 022 023|029 030|040 040|025 0.25

12 month | 017 017 |035 0.35[0.20 020|026 0.26|0.37 0.37]042 043|029 0.29

Mean 014 014 ]020 020017 017|020 0.21|0.29 0.29|0.39 0.39
AA= Accelerated ageing. (Controlled aged seeds were subjected to AA)

LSD (p=0.05) 2016-17 2017-18
Factor A: Genotypes 0.003
0.002

Factor B: Ageing 0.005

0.003
Factor C: Duration of storage 0.005

0.002
Genotypes x Ageing NS NS
Genotypes x Duration of storage NS NS
Ageing x Duration of storage 0.011

0.006
Genotypes x Ageing x Duration of storage NS

0.008

Ageing duration reduced the ascorbic acid content and minimum value (0.53 pg g'FW in both the years) was
recorded in seeds that had been accelerated aged for 12 days. Duration of storage had significant effect on
ascorbic acid. The maximum value (1.15 pg g'FW and 1.14 pg g'FW respectively in both the years) was
observed in freshly harvested seeds and minimum value (0.73 pg g*FW and 0.72 g g'FW respectively in both
the years) was recorded in seeds subjected to 12 months of storage. o-Tocopherol is an important antioxidant and
is an important non-enzymatic inhibitor of lipid peroxidation in vivo. Maximum value of a-Tocopherol (4.57
ugg'FW and 4.58 ugg'FW respectively in both the years) was recorded in controlled ageing seeds which was
significantly more than seeds subjected to natural ageing (3.56 pgg*FW and 3.55 ugg'FW respectively in both



the years). Ageing duration reduced the a-tocopherol and minimum value (0.99 pugg!FW in both the years) was

recorded in seeds that had been accelerated aged for 12 days (Table 11).

TABLE 6: Response of ageing and duration of storage on peroxidase activity (AA mintg1)FW in hot pepper
seeds under laboratory conditions. (The data are mean values for two genotypes viz; CH-
27 and Punjab Sindhuri).

Controlled | Natural | 5 0o Aa | 6 Days AA | 9Days AA |12 Days AA|  Mean
eing ageing ageing
2016- 2017-{2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-
Duration 17 18 | 17 18 | 17 18 | 17 18 | 17 18 | 17 18 | 17 18
of storage
Omonth |1.09 1.09 (108 1.09|093 093|082 082|065 065|050 049|085 0.84
3month |1.08 1.05(098 098|086 086|071 0.70 | 0.53 052 | 0.38 0.37 | 0.76 0.75
6 month |0.97 096|060 059|075 075|063 063|041 041|022 0.21 | 0.60 0.59
9month |0.88 0.88|048 048|061 060|052 052|036 036|015 0.15| 050 0.50
12month | 0.69 0.68|0.28 0.27 045 045)0.38 0.36 ]| 0.16 0.15]0.08 0.07 | 0.34 0.33
Mean 094 093|069 068|072 072|061 061|042 042|027 0.26
AA= Accelerated ageing. (Controlled aged seeds were subjected to AA)
LSD (p=0.05) 2016-17 2017-18
Factor A: Genotypes NS NS
Factor B: Ageing 0.008
0.011
Factor C: Duration of storage 0.008
0.010
Genotypes x Ageing NS NS
Genotypes x Duration of storage NS NS
Ageing x Duration of storage 0.019
0.025
Genotypes x Ageing x Duration of storage NS NS

TABLE 7: Response of ageing and duration of storage on catalase activity(AA min* gY)FW in hot pepper
seeds under laboratory conditions. (The data are mean values for two genotypes viz; CH-27 and Punjab

Sindhuri).

Controlled | Natural | 5 o Ap | 6 Days AA | 9 Days AA | 12 Days AA |  Mean

eing ageing ageing

2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-
buratio\ | 17 18 | 17 18 | 17 18 | 17 18 | 17 18 | 17 18 | 17 18
of storage
Omonth | 172 172|171 171|157 157|132 132|114 114|083 083|138 138
3month | 170 1.70 | 1.60 1.60 | 1.43 143|125 125|096 096 | 0.77 076 | 129 1.8




6month | 1.63 163|124 124|132 132|114 114|079 0.79 | 064 064|113 113
9month | 1.54 154|084 082|115 115|094 094 | 066 0.66 | 0.55 054 | 0.95 0.94
12month | 1.42 142|055 054|107 107|083 0.83]| 054 054|047 046|081 0.81
Mean 160 160|119 118]131 131|110 109|082 0.82 | 0.65 0.65
AA= Accelerated ageing. (Controlled aged seeds were subjected to AA)
LSD (p=0.05) 2016-17 2017-18
Factor A: Genotypes NS NS
Factor B: Ageing 0.013
0.013
Factor C: Duration of storage 0.011
0.012
Genotypes x Ageing NS NS
Genotypes x Duration of storage NS NS
Ageing x Duration of storage 0.028
0.029
Genotypes x Ageing x Duration of storage NS NS

TABLE 8: Response of ageing and duration of storage on superoxide dismutase (unitsg') FW in hot pepper
seeds under laboratory conditions. (The data are mean values for two genotypes viz; CH-27 and Punjab

Sindhuri).
. Contr.olled Natlfral 3 Days AA | 6 Days AA | 9 Days AA |12 Days AA Mean
geing ageing ageing
2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-
ausrtitrigge 17 18 |17 18 |17 18 |17 18 | 17 18 | 17 18 | 17 18
0 month 206 205|206 203|187 187|168 1.67|151 151|138 137|176 175
3 month 204 204 1191 191|176 176 |154 153|140 140|125 124|165 1.64
6 month 193 191|148 146|168 170|148 148|136 134|116 115|151 151
9 month 171 170|119 118|154 152|139 138|121 121|107 1.06 | 135 1.34
12month |1.49 1.49 |1.08 1.08 |1.38 1.37 (120 1.19|1.17 117|098 097|121 121
Mean 184 184|154 153|164 164|146 145|133 132|116 1.15
AA= Accelerated ageing. (Controlled aged seeds were subjected to AA)
LSD (p=0.05) 2016-17 2017-18
Factor A: Genotypes NS NS
Factor B: Ageing 0.024
0.026
Factor C: Duration of storage 0.022
0.024
Genotypes x Ageing NS NS
Genotypes x Duration of storage NS NS




TABLE 9:

Ageing x Duration of storage

Genotypes x Ageing x Duration of storage

NS

0.054
0.058
NS

Response of ageing and duration of storage on a-amylase activity (ug maltose produced
/ml/min)in hot pepper seeds under laboratory conditions. (The data are mean values for two genotypes viz; CH-
27 and Punjab Sindhuri).

. Controlled | - Natural | 5, A& | 6 Days AA | 9 Days AA | 12 Days AA|  Mean
eing ageing ageing
Duratio 2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-{2016- 2017-|2016- 2017-|2016- 2017-
of storage 17 18 17 18 17 18 17 18 17 18 17 18 17 18
Omonth | 153 153|153 152|141 141|136 136|113 112|084 0.84 | 1.30 1.30
3month 152 152|146 146|132 132|122 122|106 105|078 0.78 | 1.23 1.23
6 month | 147 147|121 121|126 125|113 113|092 091|066 0.66 | 111 111
9month |142 142|097 097|118 118|092 092|083 083|054 054|098 0.97
12month | 140 139|061 0.61 |0.83 0.83| 0.63 0.63|055 054 ]039 038|073 0.73
Mean 147 147|115 115|120 120|105 105|090 0.89 | 0.64 0.64
AA= Accelerated ageing. (Controlled aged seeds were subjected to AA)
LSD (p=0.05) 2016-17 2017-18
Factor A: Genotypes 0.003 NS
Factor B: Ageing 0.006 0.010
Factor C: Duration of storage 0.005 0.009
Genotypes x Ageing NS NS
Genotypes x Duration of storage NS NS
Ageing x Duration of storage 0.012 0.023
Genotypes x Ageing x Duration of storage NS NS

With decrease in antioxidants, ageing causes accumulation of ROS. MDA is formed by the
peroxidation of membranes that occurs on the onset of stress conditions. Our study showed that MDA
content increased with ageing. The lowest MDA content (0.14 umol g'FW and 0.15 pmol gFW
respectively in both the years) was recorded in controlled ageing seeds and highest MDA (0.76 umol g
'FW and 0.76 umol g'FW respectively in both the years) was recorded in seeds that had been
accelerated aged for 12 days. Similarly, the lowest H.O, content (157.23umol g*FW and 157.62 umol
gFW respectively in both the years) was recorded in controlled ageing seeds and highest H.O;
(271.69 pumol g'*FW and 272.09 umol g*FW respectively in both the years) was observed in seeds that
had been accelerated aged for 12 days (Table 12).



TABLE 10: Response of ageing and duration of storage on ascorbic acid (AsA) (ug g*) FW in hot pepper
seeds under laboratory conditions. (The data are mean values for two genotypes viz; CH-27
and Punjab Sindhuri).

Controlled Natural
geing . ] 3 Days AA | 6 Days AA | 9 Days AA |12 Days AA Mean
ageing ageing

Durati 2016- 2017-|2016- 2017-|2016- 2017-{2016- 2017-|2016- 2017-| 2016- 2017-|{2016- 2017-

of storage 17 18 |17 18 | 17 18 | 17 18 | 17 18 | 17 18 | 17 18

0 month 137 136|133 133|124 124|115 115|105 1.05|0.73 073|115 1.14
3 month 131 131|128 128|120 119|113 113|097 097|062 062|109 1.08
6 month 129 129 |1.07 1.07|110 109|105 105|086 0.86| 055 054|099 0.98
9 month 122 122 084 084|104 104|097 096 |0.77 0.77| 043 0.43|0.88 0.88
12month | 1.16 1.16 |0.65 0.65|0.86 0.86|0.77 0.77 /059 0.58| 0.33 0.33|0.73 0.72
Mean 127 127 1104 103|109 108)101 101]0.8 0.84] 053 0.53

AA= Accelerated ageing. (Controlled aged seeds were subjected to AA)

LSD (p=0.05) 2016-17 2017-18
Factor A: Genotypes 0.005
NS

Factor B: Ageing 0.009

0.016
Factor C: Duration of storage 0.008

0.015
Genotypes x Ageing NS

NS
Genotypes x Duration of storage NS

NS
Ageing x Duration of storage 0.021

0.036
Genotypes x Ageing x Duration of storage NS

NS

Increase in DNA degradation is one of the key physiological events occurring during seed

deterioration. DNA alterations were analyzed using SSR markers. A total of 32 primers were used to




screen seed samples. Out of 32 microsatellite primers variation in three primers (CAMS-647,
AVRCD-PP3 and CAMS-194) were detected between freshly harvested and aged seeds. The
disappearance of bands from seeds subjected to natural ageing (12 months) coincided with the fact
that seed viability was less.

TABLE 11: Response of ageing and duration of storage on a- tocopherol(ug g) FW in hot pepper
seeds under laboratory conditions. (The data are mean values for two genotypes viz; CH-27
and Punjab Sindhuri).

Controlled Natural
Ageing . . 3 Days AA | 6 Days AA | 9 Days AA |12 Days AA| Mean
ageing ageing

Durati 2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-

of storag 17 18 | 17 18 |17 18 | 17 18 | 17 18 | 17 18 | 17 18

0 month 562 561|559 559|462 460|375 368|272 270|186 1.85]|4.03 4.01
3 month 511 5.08 | 498 497|386 381|332 331|213 212|132 132|345 343
6 month 463 462|375 374|308 3.08|29 296|187 1.85|0.98 098|288 287
omonth | 405 405|215 213|272 270|254 254|103 1.03|064 064|219 2.18
12 month 354 3541134 133|178 178|163 163|0.72 0.71]0.17 0.17| 153 1.53
Mean 459 458 | 356 355|321 319|284 282|169 1.68|0.99 0.99
AA= Accelerated ageing. (Controlled aged seeds were subjected to AA)
LSD (p=0.05) 2016-17 2017-18
Factor A: Genotypes NS NS
Factor B: Ageing 0.049
0.073
Factor C: Duration of storage 0.045
0.067
Genotypes x Ageing NS NS
Genotypes x Duration of storage NS NS
Ageing x Duration of storage 0.110
0.164
Genotypes x Ageing x Duration of storage NS NS

The SDS-PAGE profile of both genotypes of hot pepper seeds viz; CH-27 and Punjab Sindhuri




showed a changed banding pattern in seeds subjected to natural ageing for 12 months as well as seeds
accelerated aged for 12 days when compared with freshly harvested seeds. In both the genotypes, a
total of 10 bands were observed in freshly harvested seeds. Naturally aged seeds showed absence of
some proteins bands (36.71, 19.28, 16.42. 14.43. 13.10 and 12.29 kDa) in both the genotypes of hot
pepper but in the seeds which were subjected to accelerated ageing for 12 days, the proteins with 13.10
and 12.39 kDa were absent in CH-27 while in Punjab Sindhuri 21.24, 13.10 and 12.29 kDa were
absent. This indicates that seeds subjected to natural ageing showed fewer bands on protein profile as
compared to the seeds accelerated ageing for 12 days. Seed ageing leads to changes at morpho-
physiological, biochemical and molecular level. All these contribute to loss of seed quality (Table 13,
Fig 1).

TABLE 12: Response of ageing and duration of storage on malondialdehyde (MDA) (umol g) FW in
hot pepper seeds under laboratory conditions. (The data are mean values for two genotypes viz; CH-27 and
Punjab Sindhuri).

Controlled Natural
geing . . 3 Days AA | 6 Days AA | 9 Days AA |12 Days AA Mean

ageing ageing
Duration | 2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-|2016- 2017-

of stora 17 18 | 17 18| 17 18 | 17 18 | 17 18 | 17 18 | 17 18

Omonth | 0.03 0.04|0.04 0.04|0.27 027|032 033|045 046|052 052|027 027
3month | 0.04 0.04]|0.12 0.13|0.30 0.30| 045 045|053 053|068 069|035 0.35
6 month | 0.13 0.13|0.53 053|042 042|056 056|063 0.63|074 0.74|050 050
9month | 022 022|069 0.69|059 059|066 066|078 0.78|0.84 0.84 | 0.63 0.63

12 month | 0.34 034,087 088078 078083 083091 092|099 102|079 0.79

Mean 014 015]045 045|047 047056 057|066 0.66]0.76 0.76

AA= Accelerated ageing. (Controlled aged seeds were subjected to AA)

LSD (p=0.05) 2016-17 2017-18

Factor A: Genotypes NS

0.002
Factor B: Ageing 0.007

0.003

Factor C: Duration of storage 0.006 0.003
Genotypes x Ageing NS NS
Genotypes x Duration of storage NS NS
Ageing x Duration of storage 0.115

0.007



Genotypes x Ageing x Duration of storage

Table 13: Protein profiling by SDS page

NS NS

Controlled (MW)

CH-27 Punjab sindhuri
Fresh stored 12 days AA Fresh stored 12 days AA
67.68 67.68 67.68 67.68 67.68 67.68
45.99 45.99 45.99 45.99 45.99 45.99
40.44 40.44 40.44 40.44 40.44 40.44
36.71 36.71 36.71 36.71
21.24 21.24 21.24 21.24 21.24 21.2
19.28 19.28 19.28 19.28
16.42 16.42 16.42 16.42
14.43 14.43 14.43 14.43 14.43
13.10 13.10 13.10 13.10
12.29 12.29
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