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ABSTRACT

Interaction effects of priming and storage on Chry-
santhermum seeds were estimated to pint out the
positive affect to improve the plant stand and other
flowering traits. Of the genotypes screened for seed
quality in fresh and accelerated seeds during stor-
age, genotype 1 performed significantly better as
compared to other genotypes. Priming with 0.5%
KNO, in fresh and accelerated aged seeds showed
significant improvement in seed quality parameters.
The storage of seeds for (0, 2,4,6,8 and 10 months
duration) exhibited better quality parameters after the
seeds treated with 0.5% KNO,. Priming treatments
were found more effective in improving the seed
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quality parameters in accelerated aged seeds and in
case of storage duration also.
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INTRODUCTION

The quality of the seed had been assessed by genetic
purity and germination percentage after proper stor-
age (Adinde et al. 2020). The number of standardized
tests to check the quality and storability of different
crop seeds has been proposed International Seed Test-
ing Association (Dorajeerao and Mokashi 2021). The
seed has been emphasized as an important component
of the strategy to improve agricultural production
and the good quality of seed would prove to be as a
catalyst for realizing potential of all other inputs (Jena
and Mohanty 2021). Deterioration of stored seed is a
serious problem in India therefore seed priming has
been exploited to increase the seed quality of stored
seed lot (Kedar et al. 2022).Seed deterioration is the
inseparable aspect of ageing. The climatic conditions
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of country favors seed deterioration even under ambi-
ent storage conditions resulted loss of seeds viability
(Raj and Raj 2019). Complete avoidance of seed
deterioration during storage is not possible, it can be
however, slowed down or maintained through altering
storage techniques and conditions (Mirmazloum e?
al. 2020). Several techniques have been developed to
maintain the viability of seeds by treating them with
fungicides, chemicals, growth regulators.

Annual chrysanthemum is recognized as highly
remunerative flower crop, but its successful cultiva-
tion for higher yield potential and quality of flowers
is suffered with several limiting factors (Tymoszuk
and Kulus 2020). The production of pure and viable
seeds with ambient germination percentage, healthy
growth and vigour, flowering and better quality of
flowers have been figured out with use of certain
growth regulators, balanced use of fertilizers and
improving the cultural practices (Sisodia et al. 2018,
Tymoszuk 2021). There are various treatments with
chemicals like GA,, Calcium chloride and KNO,,
are found beneficial to increase the storage life of
the seeds (Vishvanathan et al. 2020). The priming
treatments hydrate the seed to a point where germi-
nation process begins. More important is to stimulate
the cost-effective strategies that ensures better crop
stand and quality would supplement to farmers returns
(Wagqas et al. 2019).

MATERIALS AND METHODS

The seed material for the present investigation was
collected from Horticulture farm, Department of
Horticulture CCS Haryana Agricultural University
Hisar. The present study was carried out on annual
chrysanthemum seeds of four lines which were har-
vested during April 2018-19. The harvested seeds
of Genotype-1 (White double), Genotype-2(Yellow
semi double) , Genotype-3(White semi double) and
Genotype-4(Yellow double) were exposed to priming
treatments for 6 hours along with control treatment as
hydro priming, Calcium Chloride CaCl, @ 2%, 4%,
Potassium Nitrate KNO,@ 0.5%, 1.0% and Gib-
berellic acid GA,@ 100, 200, 300 ppm followed by
dehydration at room temperature. Data were recorded
for 15 days on a daily basis for emergence with sub-
sequent seedling assessment protocol as given in the

handbook of the Association of Official Seed Analysts
(Reddy 2018). Ultimate germination percentage was
calculated at the end of 15" day. Sufficient number
of seeds from different seed genotypes were placed
over filter paper soaked in solution of the desired
treatment in a beaker and kept it at room temperature.
The seeds were allowed to imbibe solution for 6 h in
all the treatments. After the completion of treatment
period, the seeds were dehydrated at room tempera-
ture. SAS version 9.3 along with JMP 9 was exploited
for analysis and graphical presentations.

RESULTS AND DISCUSSION
Germination percentage

All of the priming treatments had shown a significant
effect on the germination percentage of the annual
chrysanthemum (Fig. 1). Standard germination (min-
imum) of annual chrysanthemum was 50%. Primed
seeds stored for 8 months have shown above 50% of
germination percentage and after 8 months, the ger-
mination percentage falls below the minimum stan-
dard germination (Sidana et al. 2019). Germination
percentage decreased significantly with time period
of storage for all the seed priming treatments. Stor-
age of seeds for 2, 4, 6, 8 and 10 months of duration
observed best average values by treatment T4 (0.5%
KNO3) and seeds of genotype G1 found superior
among all four genotypes. At 0 month storage period
treatment T4 (0.5% KNO,) and genotype G1 was
highly significant compared to all other treatments
and genotypes. For 2, 4, 6, 8 and 10 month storage, T4
and G1 produced highest germination percentage. The
positive effect of KNO, may be possible due to its role
in influencing the permeability of membranes, which
ultimately cause activation of enzymes involved in
protein synthesis, carbohydrate metabolism (Szollosi
et al. 2020).

Shoot length

The perusal of Fig. 2 revealed that the fresh seeds
treated with 0.5% KNO, exhibited significantly higher
shoot length than that of other treatments taken in the
experiment and genotype G1 is found superior among
all four genotypes. Significant decrease in the shoot
length was observed with 2, 4, 6, 8 and 10 months
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Fig. 1. Seed priming and storage affects germination percentage.

T, — Untreated (control)

, — Hydration (Soaking for 6 h) and dehydration at room temperature
T, - 2% CaCl, (Soaking for 6 h) and dehydration at room temperature
T, — 4% CaCl, (Soaking for 6 h) and dehydration at room temperature.
T, - 0.5% KNO, (Soaking for 6 h) and dehydration at room temperature

of the storage duration. Effect of priming treatments
on shoot length of annual chrysanthemum seeds is
explained in Figure 2. It was recorded that treatment
T4 (0.5% KNO,) and G1 was highly significant com-
pared to all other treatments and genotypes respec-
tively. The better performance of KNO, may be due
to lower electrical conductivity of the seed leachates,
high amount of total and reducing sugars along with
increase in alpha-amylase activity (Mangena 2019).

Root length

The fresh seeds treated with 0.5% KNO, exhibited
significantly higher average root length (Figure 3)
than that of other treatments taken in the experiment
and genotype G1 is found superior among all four
genotypes. Significant decrease in the root length
was seen with the storage duration of 2, 4, 6, 8 and
10 months. It was seen that treatment T4 (0.5%
KNO,) was highly significant compared to all other
treatments whereas genotype G1 was highly signif-
icant as compare to all other genotypes. During the
storage months similar trend was noticed (Rakshit
et al. 2015). The better performance of KNO, might
be due to its accumulation in the embryo and during

T, — 1% KNO, (Soaking for 6 h) and dehydration at room temperature

T, — 100 ppm GA, (Soaking for 6 h) and dehydration at room tempera-
ture.

T, — 00 ppm GA, (Soaking for 6 h) and dehydration at room temperature.

T, 300 ppm GA, (Soaking for 6 h) and dehydration at room temperature.

priming the embryo expands and hence, compresses
the endosperm. The compression force of embryo and
hydrolytic activities on the endosperm cell walls may
also deform the tissues that lost their flexibility due to
dehydration, producing free space and facilitating root
protrusion after rehydration and also due to the pres-
ence of essential nutrients like nitrate and potassium,
priming with KNO, can results into further growth of
primed seedlings (Zulueta et al. 2015).

Seedling length

The data in Fig. 4 revealed that the fresh seeds treat-
ed with 0.5% KNO, significantly higher average
seedling length than that of other treatments taken in
the experiment and genotype G1 was found superior
among all four genotypes. Significant decrease in the
seedling length was observed for 2, 4, 6, 8 and 10
months of the storage duration for all the seed prim-
ing treatments irrespective of genotypes as similar
behavior expressed by four considered genotypes of
chrysanthemum (Ullah et al. 2019).

Seedling dry weight

The various priming treatments had significant effect
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Fig. 2. Seed priming and storage affects shoot length.

T, — Untreated (control)
T, — Hydration (Soaking for 6 h) and dehydration at room tem-

1
perature

T, — 2% CaCl, (Soaking for 6 h) and dehydration at room tem-
perature

T, — 4% CaCl, (Soaking for 6 h) and dehydration at room tem-
perature

T, — 0.5% KNO, (Soaking for 6 h) and dehydration at room
temperature.

on the seedling dry weight in annual chrysanthemum.
The data in figure revealed that the fresh seeds treated
with 0.5% KNO, significantly higher average seedling
dry weight than that of other treatments taken in the
experiment and genotype G1 is found superior among
all four genotypes. Significant decrease in the seedling
dry weight is observed with the storage duration of
2,4, 6, 8 and 10 months. The variations found in
seedling dry weight due to the priming treatments
and fresh annual chrysanthemum seeds are given in
the Fig. 5. Treatment T4 (0.5% KNO3) was highly
significant as compared to all other treatments taken,
whereas genotype G1 was highly significant as com-
pared to all other genotypes at 0 month storage. For
rest of storage period, similar results were observed.
The better performance of KNO; is possible due to
in particular, potassium ions leads to the activation
of many enzymes involved in the formation of starch
and protein. Potassium ions can also be absorbed by
plant cells and may activate many enzymes which are

T, — 1% KNO, (Soaking for 6 h) and dehydration at room tem-
perature

T, — 100 ppm GA, (Soaking for 6 h) and dehydration at room
temperature

T, — 200 ppm GA, (Soaking for 6 h) and dehydration at room
temperature

T, — 300 ppm GA, (Soaking for 6 h) and dehydration at room
temperature.

essential for photosynthesis and respiration processes
and the formation of starch and proteins. K+ion would
act as co-enzyme that favors additional anabolic
processes when compared to the other treatments
(Hawa et al. 2018).

Vigour index-2

The perusal of Fig. 6 explained that fresh seeds treated
with 0.5% KNO, exhibited significantly higher aver-
age vigour index than that of other treatments taken
in the experiment and genotype G1 is found superior
among all four genotypes. Significant decrease in
the vigour index is observed with the storage dura-
tion of 2, 4, 6, 8 and 10 months as the germination
percentage and seedling dry weight is also go on
decreasing with the storage duration. The perusal
of data presented in figure indicated that T4 (0.5%
KNO,) was proved highly significant if we compare it
to all other treatments whereas genotype G-1 49 was
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Fig. 3. Seed priming and storage affects root length.

T, — Untreated (control)

T, — Hydration (Soaking for 6 h) and dehydration at room tem-
perature

T, — 2% CaCl, (Soaking for 6 h) and dehydration at room tem-
perature

T, — 4% CaCl, (Soaking for 6 h) and dehydration at room tem-
perature

T, - 0.5% KNO, (Soaking for 6 h) and dehydration at room
temperature.

highly significant compared to all other genotypes at 0
month storage. Similar results were observed in more
month storage of annual chrysanthemum seeds (Hawa
et al. 2018a). Our results are similar to the finding of
Tiwari et al (2014) in pigeon pea seeds. The better
performance of KNO, might be because of decreased
electrolyte leakage and increase in the level of soluble
sugar contents which are proportional to increased
vigour index in annual chrysanthemum seeds under
different storage period (Bagheri ef a/ 2019).

Electrical conductivity

The various priming treatments had significant effect
on the electrical conductivity in Annual chrysanthe-
mum (Fig. 7). The fresh seeds treated with 0.5%
KNO, significantly lower electrical conductivity
than that of other treatments taken in the experiment
and genotype G1 was found superior among all the

T, — 1% KNO; (Soaking for 6 h) and dehydration at room tem-
perature
T, — 100ppm GA, (Soaking for 6 h) and dehydration at room

6
temperature.

T, — 200ppm GA, (Soaking for 6 h) and dehydration at room
temperature
T, — 300ppm GA, (Soaking for 6 h) and dehydration at room
temperature,

four studied genotypes. Significant increase in the
electrical conductivity was observed with 2, 4, 6,
8 and 10 months of storage for the primed seeds.
Electrical conductivity in the annual chrysanthemum
seeds of different treatment at 0 month storage was
found desirable in the treatment T4 compared to
all other treatments (Dutta 2018). Among different
genotypes G1 was highly significant as compared to
other genotypes as presented in the figure. This might
be due to destructive changes in cellular membrane
system resulting in more leakage of organic solutes
(free sugars, fatty acids and amino acids) (Padhi et al.
2018). Damage to membrane system can be repaired
and protected from such changes by invigouration
treatments with KNO, as evidenced by low electrical
conductivity of seed leachates, which presumably
have extended the viability of seeds. The differential
EC values observed among the seed treatments in-
dicate the nature and extent of membrane protection
offered, which may not be the similar in all seed
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Fig. 4. Seed priming and storage affects seedling length.

T, — Untreated (control)

T, — Hydration (Soaking for 6 h) and dehydration at room tem-
perature

T, — 2% CaCl, (Soaking for 6 h) and dehydration at room tem-
perature

T, — 4% CaCl, (Soaking for 6 h) and dehydration at room tem-
perature

T, — 0.5% KNO, (Soaking for 6 h) and dehydration at room
temperature

priming treatments, thus resulting in difference in
EC (Damalas et al. 2019).

Catalase activity

The data in Fig. 8 revealed that fresh seeds treated
with 0.5% KNO, exhibited significantly higher cata-
lase activity than that of other treatments taken in the
experiment and genotype G1 is found superior among
all four genotypes. Significant decrease in the catalase
activity is observed with the storage duration of 2, 4,
6, 8 and 10 months, respectively. During the course of
present study, activities of enzymes i.e. catalase, per-
oxidase, dehydrogenase and superoxidedimutase are
affected by different storage and treatment conditions
(Pangtu et al. 2018). Effect of priming treatment on
these activities if enzyme of annual chrysanthemum
seeds was explained with the help of figure. It was
observed that treatment T4 (0.5% KNO,) was highly

T, — 1% KNO; (Soaking for 6 h) and dehydration at room tem-
perature

T, — 100 ppm GA, (Soaking for 6 h) and dehydration at room
temperature

T, — 200 ppm GA, (Soaking for 6 h) and dehydration at room
temperature

T, — 300 ppm GA, (Soaking for 6 h) and dehydration at room
temperature.

significant compared to all other treatments whereas
genotype G1 was highly significant as compared to
all other genotypes at 0 month storage. There appears
to be some correlation between the decline in gaseous
exchange and reduced activity of respiratory enzyme
i.e, dehy rogenase and peroxidase in non viable seeds
(Mustafa et al. 2017).

Peroxidase activity

The various priming treatments had significant effect
on the peroxidase activity. Marginal changes had
observed among primed seeds for 0 and 2 months of
storage. The data in Fig. 9 revealed that fresh seeds
treated with 0.5% KNO, exhibited significantly higher
catalase activity as compared to other treatments tak-
en in the experiment and genotype G1 is found supe-
rior among all four genotypes. Significant decrease in
the peroxidase activity was observed with the storage
duration of 2, 4, 6, 8 and 10 months, respectively.
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Fig. 5. Seed priming and storage affects seedling dry weight.

T, — Untreated (control)

T, — Hydration (Soaking for 6 h) and dehydration at room tem-
perature

T, — 2% CaCl, (Soaking for 6 h) and dehydration at room tem-
perature

T, — 4% CaCl, (Soaking for 6 h) and dehydration at room tem-
perature

T, - 0.5% KNO, (Soaking for 6 h) and dehydration at room
temperature.

Dehydrogenase activity

Anincrease in DHA activities had been expressed by
treatments from 0 to 10 months of storage. However,
only marginal change observed among treatments
from 8 to 10 months of storage. The perusal of figure
10 revealed that fresh seeds treated with 0.5% KNO,
exhibited significantly desirable dehydrogenase
activity as compare to other treatments taken in this
experiment. Genotype G1 was found superior among
all the four studied genotypes for the present study.
Significant increase in the dehydrogenase activity
was observed with the 2, 4, 6, 8 and 10 months of
storage duration.

Superoxidedimutase activity

Variation among the SOD activity values among
primed genotypes seeds vis-a-vis their storage du-
ration portrayed in Fig. 11. The fresh seeds treated
with 0.5% KNO, exhibited significantly desirable
SOD activity over the other treatments (Fig. 11) and
genotype G1 was found superior among all four gen-

T, — 1% KNO; (Soaking for 6 h) and dehydration at room tem-
perature

T, — 100 ppm GA, (Soaking for 6 h) and dehydration at room
temperature

T, — 200 ppm GA, (Soaking for 6 h) and dehydration at room
temperature

T, — 300 ppm GA, (Soaking for 6 h) and dehydration at room
temperature.

otypes. More or less similar values were expressed by
primed seeds for 0 and 2 months of storage. Primed
treatments T3 and T6 achieved more values in com-
parison to other treatments irrespective of storage du-
ration. Significant increase in the superoxidedimutase
activity was observed with the storage duration of 2,
4, 6, 8 and 10 months.

CONCLUSION

After accelerated aging of the seed genotypes, geno-
typel was found to have significantly higher standard
germination as compared to other seed genotype
indicating superiority over others genotypes taken in
this experiment, treatment T4 (0.5% KNO,) shown
higher standard germination as compared to other
treatments. Priming of fresh and aged seeds with
0.5% KNO, significantly improved all the parameters
viz., seedling length, viability percentage, dry weight,
vigour index, enzyme activity, standard germination.
Also, in case of electrical conductivity genotypel
and T4 given better results as compare to all other
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Fig. 6. Seed priming and storage affects vigour index 2.

T, — Untreated (control) )

T, — Hydration (Soaking for 6 h) and dehydration at room tem-
crature
, — 2% CaCl, (Soaking for 6 h) and dehydration at room tem-

l}erature
, — 4% CaCl, (Soaking for 6 h) and dehydration at room tem-

;l)_erature . .
, — 0.5% KNO, (Soaking for 6 h) and dehydration at room
temperature

T, — 1% KNO; (Soaking for 6 h) and dehydration at room tem-
perature ) )

T, — 100 ppm GA, (Soaking for 6 h) and dehydration at room
temperature ) )

T, — 200 ppm GA, (Soaking for 6 h) and dehydration at room
temperature ) )

T, — 300 ppm GA, (Soaking for 6 h) and dehydration at room
temperature.

0.8 1

0 Months 2 Months

0.9 ET0 ®mT1 ®=T2 ®T3 ®mT4

4 Months

EmT5 m®mT6 mT7 T8

8 Months

6 Months 10 Months

Fig. 7. Seed priming and storage affects electrical conductivity.

T, — Untreated (control)

T, - Hydration (Soaking for 6 h) and dehydration at room tem-

perature

T, — 2% CaCl, (Soaking for 6 h) and dehydration at room tem-
perature

T, — 4% CaCl, (Soaking for 6 h) and dehydration at room tem-
perature

T, —0.5% KNO, (Soaking for 6 h) and dehydration at room temperature.

T, — 1% KNO, (Soaking for 6 h) and dehydration at room temperature
T, — 100 ppm GA, (Soaking for 6 h) and dehydration at room tem-
perature
T, — 200 ppm GA, (Soaking for 6 h) and dehydration at room tem-
perature.
T, — 300 ppm GA, (Soaking for 6 h) and dehydration at room tem-
perature.
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Fig. 8. Seed priming and storage affects Catalase activity.

T, — Untreated (control)
| — Hydration (Soaking for 6 h) and dehydration at room temperature

T, - 2% CaCl, (Soaking for 6 h) and dehydration at room temperature

T, — 4% CaCl, (Soaking for 6 h) and dehydration at room temperature.
4

T,—0.5% KNO;, (Soaking for 6 h) and dehydration at room temperature.

genotype and treatments taken here in this experiment
and it decrease the permeability of cell membrane by

T, — 1% KNO, (Soaking for 6 h) and dehydration at room temperature

T, — 100 ppm GA, (Soaking for 6 h) and dehydration at room tempera-
tureT,—200 ppm GA, (Soaking for 6 h) and dehydration at room temperature
T, — 300 ppm GA, (Soaking for 6 h) and dehydration at room temperature.

repairing process which results in to lower electrical
conductivity, clearly forward and confirm that prim-
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Fig. 9. Seed priming and storage affects Peroxidase activity.

T, — Untreated (control)

T, — Hydration (Soaking for 6 h) and dehydration at room tem-
perature

T, — 2% CaCl, (Soaking for 6 h) and dehydration at room tem-
perature

T, — 4% CaCl, (Soaking for 6 h) and dehydration at room tem-
perature

T, — 0.5% KNO, (Soaking for 6 h) and dehydration at room
temperature

T, — 1% KNO, (Soaking for 6 h) and dehydration at room tem-
perature

T, — 100 ppm GA, (Soaking for 6 h) and dehydration at room
temperature.

T, — 200 ppm GA, (Soaking for 6 h) and dehydration at room
temperature

T, — 300 ppm GA, (Soaking for 6 h) and dehydration at room
temperature.
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Fig. 10. Seed priming and storage affects DHA activity.

T,— Untreated (control)

T, — Hydration (Soaking for 6 h) and dehydration at room tem-
perature

T, — 2% CaCl, (Soaking for 6 h) and dehydration at room tem-
perature

T, — 4% CaCl, (Soaking for 6 h) and dehydration at room tem-
perature

T, — 0.5% KNO, (Soaking for 6 h) and dehydration at room
temperature.

T, — 1% KNO, (Soaking for 6 h) and dehydration at room tem-
perature

T, — 100 ppm GA, (Soaking for 6 h) and dehydration at room
temperature

T, — 200 ppm GA, (Soaking for 6 h) and dehydration at room
temperature

T, — 300 ppm GA, (Soaking for 6 h) and dehydration at room

temperature.
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Fig. 11. Seed priming and storage affects SOD activity.

T, — Untreated (control)

, — Hydration (Soaking for 6 h) and dehydration at room temperature
T,— 2% CaCl, (Soaking for 6 h) and dehydration at room temperature
T, — 4% CaCl, (Soaking for 6 h) and dehydration at room temperature
T, 0.5% KNO, (Soaking for 6 h) and dehydration at room temperature

ing boost the repair mechanism of seed. Priming with
0.5% KNO, in fresh, extracted seeds storage duration

T, — 1% KNO, (Soaking for 6 h) and dehydration at room temperature

T, — 100 ppm GA, (Soaking for 6 h) and dehydration at room temperature.
T, —200 ppm GA, (Soaking for 6 h) and dehydration at room temperature
T,—300ppm GA, (Soaking for 6 h) and dehydration at room temperature.

seeds (2, 4, 6, 8 and 10 month) shown significant
improvement in the quality of the seeds.
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