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1. INTRODUCTION

Ash gourd {Benincasa hispida (Thunb.) Cogn.) (Syn. Wax gourd, white

pumpkin, white gourd, winter melon) is an important warm season cucurbit. It is

grown for its immature fruits which is used as vegetable. The fruits is acclaimed for

its value added products such as candy, peda, pickle etc. Apart from the fruits, the

young shoots, leaves and flowers are also used as food. Ash gourd is also valued

for its medicinal properties as it is considered to be a good diuretic and

antihelmenthic. The seeds are used as a vermifuge. It is also used as the root stalk

for melon. Every lOOg edible portion of ash gourd contains 96.30 per cent

moisture, 1.9g carbohydrate, 0.4g protein, O.lg fat, 0.8g fibre, l.Omg vitamin C,

30mg calcium, 20mg phosphorous and 0.8mg iron (Pradeepkumar et al., 2013).

Ash gourd is an important vegetable crop of Kerala. Total production of ash

gourd in Kerala during 2016-17 was about 34 tons from an area of 974 ha with an

average productivity of about 0.034 t/ha (DES, 2017). In Kerala, access to

sufficient quantity of quality seed at the right time and location is a serious problem

in most crops including ash gourd. In the state, prolonging seed longevity is a

major concern as the prevailing hot humid conditions accelerates deterioration of

seeds leading to rapid loss of viability during storage. Under this circumstance,

storing of seeds under controlled environment is recommended to prolong viability.

It is to be noted that in addition to the high recmring cost to maintain the seed

under ideal controlled conditions, such seeds also undergo thawing when taken out

for distribution. Usually one to three months elapses before the distributed seeds

are used for sowing. Thawing or alternate low and high temperatures are reported

to adversely affect the quality and viability of the stored seeds ((Jordan, 1982).

Ensuring the availability of superior quality of the seed to farming

community is the basic objective of any seed production programme. Indeed seed

deterioration due to ageing is inevitable and irreversible phenomenon, the best that

can be done is to lower its rate (Coolbear, 1995). It is a serious problem in places
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where the storage of the seeds are taken up without a proper control of air

humidity, temperature and O2/CO2 concentration. It is therefore evident that

storage conditions have a profoimd influence on seed quality.

According to Shelar et al. (2008), a progressive decline in the seed

performance due to the increasing deterioration rate is one of the basic reasons for

low productivity. Thus information on storage of seeds that retain the vigour and

viability from harvest to next planting season and for carryover purposes is of

prime importance in any seed production programme. Uniformity and increased

seedling emergence have major impact on final yield and quality (Gupta et al.,

2008). It is reported that seed priming technology helps in rapid and uniform

germination, emergence of seeds and impart a great tolerance to adverse

environmental conditions (Heydecker et al., 1973). Although priming was found to

be a useful technique to invigorate the seed, a lot many conflicting reports on the

storability of the primed seeds have been widely reported across the world

(Venkatasubramanian and Umarani, 2010). A study conducted at KAU on the

storability of invigorated seeds of ash gourd variety KAU local revealed that

viability of the primed seed was maintained above the minimum standards for seed

certification (MSGS) for seven months after storage (MAS) under ambient

condition (Shobha, 2016).

Considering all the above, the present study was formulated with the following
objectives:

> To elucidate the effect of seed invigoration on viability of seeds stored

under refrigerated condition.

> To analyse the impact of thawing on seed longevity in ash gourd.
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2. Review of Literature

Seed being a living entity; it undergoes various cytological, physical,

physiological and biochemical changes leading to the loss of viability and ultimate

death (Jyothi and Malik, 2013). Ensuring high crop productivity demands for a

physically and genetically pure, physiological sound and pathologically clean seed.

It is estimated that armual losses due to deterioration of the seeds can be as much as

25 per cent of the harvested crop resulting in low seed productivity (Shelar et al.,

2008).

Use of vigorous and high quality seed catapults the advantages expected on

the application of other production inputs such as watering and fertilizers (Hussain

et al, 2014). Unlike vigorous seed lot, low vigour seeds germinate and emerge

poorly and give a poor crop stand (Ellis and Roberts, 1981). Seed invigoration is

usually practiced to enhance its germination and field establishment. Despite

immediate improvements in seed performance following invigoration treatments,

there have been contrasting reports of seed storage potential following treatments.

Liu et al. (1996) suggested that the seed storage potential in primed seeds will be

reduced if a large number of cells in the radical tip have entered the G2 phase of

cell cycle during the priming treatment.

A study conducted at Kerala Agricultural University revealed that seed

invigoration was highly effective in prolonging viability of seeds of ash gourd

variety KAU Local stored under ambient conditions. However, the impact of these

treatments on longevity of seeds under refrigerated storage is wanting. In addition,

the effect of the treatments on the quality of seed on thawing is also little known.

Considering the above, the present study was formulated to elucidate the

effect of seed invigoration on viability of seeds stored under refngerated condition

and to analyse the impact of the period of thawing on seed longevity in ash gourd.

The literature related to the study is detailed below in brief under the following

headings.
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2.1. Invigoration for enhanced seed indices

2.1.1 Effect of halopriming with CaCh

2.1.2 Effect of osmopriming with KH2PO4

2.1.3. Effect of bio-priming with Pseudomonas fluorescens

2.1.4. Effect of hormonal priming with Cytokinin

2.2. Storability of invigorated seeds

2.2.1. Effect of storage environment on seed indices

2.2.2. Effect of storage environment on seed longevity

2.3. Thawing period and its impact on seed quality

2.1. Invigoration for enhanced seed indices

^  Seed invigoration or seed enhancement techniques are in vogue to enhance

the vigour of seeds (Basra et al., 2005; Farooq et al., 2008). Seed enhancement is

done after harvest but prior to sowing for an improved germination, emergence and

seedling growth by altering the physiological state of seed (Black and Peter, 2006).

Generally, three general invigoration methods viz., i). Pre-sowing hydration

treatments (priming), ii). Seed coating technologies and iii). Integration of these

methods to enhance seed quality, are practiced in order to shorten the time between

the planting and emergence (Hussain et al., 2014). Seed priming is a controlled

hydration technique in which seeds are soaked in different solutions with high

osmotic potential that initiates the germination related metabolic activities but

prevents the seeds from absorbing enough water for radicle emergence, thus

suspending the seeds in the lag phase (Farooq et al., 2007; Hussain et al., 2014).

15"
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2.2. Storability of invigorated seeds

Good seed storage is one of the essential factors in a successful seed

operation. Seed quality is maintained, but does not improve during storage.

Proper storage of seeds is an essential way to preserve the viability and vigour of

seed from harvest to sale thereby ensuring its effective use by farmers or breeders

and also protecting the investment and profit of the seed men.

Seeds are normally stored for short periods, until the next growing season,

but in certain circumstances, such as genetic conservation, a fairly long storage

period have to be taken upon to maintain genetic variability for future use.

Generally, the longer seed storage is achieved either by preserving seeds in

climatic conditions favourable for storage or by moditying the environment

around the seeds that favours the long storage of seed. Improper seed storage

reduces seed viability and causes great losses within the farming community.

According to Harrington Thumb Rules (1959), the storage life of the seed lot is

doubled with every one per cent decrease in seed moisture and for a 5°C decrease

in storage temperature and that the arithmetic sum of temperature in °F and per

cent relative humidity should not exceed 100, with not more than half contributed

by temperature. Walters (1998) stated that these rules are applicable for short-term

storage of two or more years.

The effective storage of the seeds mainly depends on three factors i.e.,

temperature, relative humidity of storage environment and moisture content of the

seed lot to be stored. Low temperature and low seed moisture are the two most

effective means of maintaining seed quality in storage. Low temperature is

effective in preserving seed quality, especially in moisture-proof containers under

humid conditions (Doijode, 2001). Seeds of tomato, cucumber and sweet pepper

are viable for 36 months at 20°C and for 70 months at 0°C (Zhang and Kong,

1996).
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Fanners, nurserymen, and breeders face many hardships in maintaining

high seed quality during storage. Although priming was found to be a useful

technique to invigorate the seed, a lot many conflicting reports on the storability

of the primed seeds have been widely reported across the world

(Venkatasubramanian and Umarani, 2010). Various studies on the storability of

primed seeds show that there is a decline in the viability of the primed seeds upon

storage. According to Saracco et al. (1995), the priming seeds increased their

sensitivity to deteriorative factors imposed during storage as a consequence of

advanced germinative events. Various reports on the enhanced storability of the

primed seeds are also reported. An improvement in seed storability after osmotic

priming in many species (e.g., Allium cepa L., Capsicum annum L., Pisum

sativum and Daucus carotd) has been reported by Savino et al. (1979), Dearman

et al. (1986) and Georghiou et al. (1987). Pre-storage applications of anti-aging

chemicals such as iodine, chlorine, bromine, methanol, ethanol, and propanol

improve seed storability (Doijode, 2001).

According to Bradford (1986), the varying response in the longevity of

the primed seed is result of the response of the seed lots to the priming treatments,

the compound used as osmoticum, duration of priming etc. So, the effect of these

invigoration treatments on the storability of the seeds plays a crucial role as far as

the seed producers are concerned. This is important because the time that elapses

between the production or the priming of the seeds to reach the farmers may vary

between three to six months. Moreover, the unsold seeds will have to be stored

until the next season. These being the pre-requisites, adopting any seed treatment

whose effect does not last for long or that will not allow seeds to live longer will

not be practicable.
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cr
ea

se
 i
n 
st

or
ag

e

pe
ri

od
.

R
a
h
m
a
n
 e
t 
al

. (
20

14
).
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'
 'i
-

4
>
4
-

9
P
a
n
s
y

M
a
x
i
m
u
m
 v
ia

bi
li

ty
 o
f 
se
ed
 (
41

.4
0%

) 
wa
s 
re
co
rd
ed
 i
n 
se

ed
s 
un
de
r 
co

ld
 s
to
ra
ge
 (
0
°
C

- 
4°

C)
. 
Th
is
 w
a
s
 s
ig

ni
fi

ca
nt

ly
 h
ig
he
r 
(
2
9
.
8
9
%
)
 t
ha

n 
th
at
 o
bs
er
ve
d 
un

de
r 
am
bi
en
t

st
or
ag
e (
2
0
°
C
 -
 2
2
°
C
)
 af

te
r 
1
8
 m
on

th
s.

D
h
a
t
t
(
2
0
1
6
)

1
0

Pi
ge
on
 p
ea

Se
ed

s 
st
or
ed
 i
n 
co
ld
 c
on
di
ti
on
 r
et
ai
ne
d 
a 
hi

gh
 g
er
mi
na
ti
on
 o
f 7

4.
50

 p
er

 c
en

t 
se
ed
li
ng

dr
y 
we

ig
ht

 (6
5.
75
 m
g)
, 
vi

go
ur

 (1
09

6.
25

) 
co

mp
ar

ed
 t
o 
a 
lo
w 
ge
rm
in
at
io
n 
pe

r 
ce

nt
 o
f

37
.3
3 
pe

r 
ce

nt
, 
se

ed
li

ng
 d
ry
 w
ei
gh
t 
(5
0.
83
mg
),
 v
ig
ou
r 
(3

98
.2

) 
un
de
r 
th
e 
am
bi
en
t

co
nd

it
io

n 
af

te
r 
2
6
 m
on
th
s 
of

 s
to
ra
ge
. 
Ho
we
ve
r,
 t
he
 e

le
ct
ri
ca
l 
co

nd
uc

ti
vi

ty
 o
f 
th
e

se
ed
s 
st

or
ed

 u
nd
er
 c
ol

d 
co

nd
it

io
n 
(5

°C
 -
 7
''
C)
 w
as
 f
ou
nd
 t
o 
be

 s
ig

ni
fi

ca
nt

ly
 l
ow

co
mp
ar
ed
 t
o 
th
e 
se
ed
s 
st

or
ed

 u
nd

er
 a
mb

ie
nt

 s
to

ra
ge

.

B
a
s
a
v
e
g
o
w
d
a
 e
t 
al

. (
2
0
1
6
)

1
1

B
e
a
n
s

St
or
ag
e 

pe
ri

od
 i

nc
re

as
ed

 e
le
ct
ri
ca
l 

co
nd

uc
ti

vi
ty

. 
H
o
w
e
v
e
r
,
 s
ee

d 
st

or
ed

 a
t 
1
0
°
C

un
de

rw
en

t 
on

ly
 a
 f
ew
 c
ha
ng
es
 w
it

h 
lo
w 
se

ed
s 
el
ec
tr
ol
yt
es
 l
os
se
s 
wh
il
e,
 s
ee

ds
 t
ha
t

re
ma
in
ed
 
at

 3
0°

C 
de

gr
ad

ed
 e

as
il
y 
an

d 
re

su
lt

ed
 i

n 
re

du
ce

d 
vi

go
ur

, 
qu

al
it

y 
an

d

du
ra
bi
li
ty
.

Ca
mi
la
 e
t 
al
. (
2
0
1
7
)

1
2

N
e
m
e
s
i
a

s
t
r
u
m
o
s
a

M
a
x
i
m
u
m
 s
ee

d 
vi

ab
il

it
y (
30

.5
%)

 w
as

 r
ec

or
de

d 
in

 s
ee

d 
un
de
r 
co

ld
 s
to

ra
ge

 f
ol

lo
we

d

by
 t
ho

se
 i
n 
am
bi
en
t 
st
or
ag
e 
(2
6.
1%
) 
fo
r 
18
 m
on
th
s 
du
ri
ng
 a
 s
to
ra
ge
 e
xp

er
im

en
t

co
nd

uc
te

d 
in

 t
hr

ee
 s
to
ra
ge
 c
ha

mb
er

s 
vi

z.
, c

ol
d 
st
or
ag
e (
0°
C 
to

 4
°C

 a
nd

 9
0.
7%
 R
H)

,

in
cu

ba
to

r (
20
*^
0 t

o 2
2°

C 
an

d 
7
5
%
 R
H
)
 an
d 
am

bi
en

t 
co

nd
it

io
ns

.

Dh
at
t 

et
al

. (
2
0
1
8
)
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2.
2.

2.
 E
ff

ec
t 
of
 s
to

ra
ge

 e
nv

ir
on

me
nt

 o
n
 s
ee

d 
lo
ng
ev
it
y

S
l
.
n
o

C
r
o
p

Ex
pe
ri
me
nt
al
 d
et

ai
ls

R
e
f
e
r
e
n
c
e
s

1
.

Sp
in
ac
h

T
h
e
 i
mp

ro
ve

d 
ge
rm
in
at
io
n 
pe
rf
or
ma
nc
e 
of

 p
ri

me
d 

sp
in
ac
h 
se

ed
s 
wa

s 
re
ta
in
ed

af
te

r 3
0 
da

ys
 o
f s

to
ra

ge
 a
t 5

°C
.

At
he
rt
on
 a
n
d
 F
ar

oo
qe

(
1
9
8
3
)

2
.

O
n
i
o
n

Th
e 

pr
im
ed
 a
nd
 d

ri
ed
 o
ni
on
 s
ee

ds
 s
to

re
d 

at
 1
0"

C 
an
d 

ni
ne

 p
er
 c
en
t 
mo

is
tu

re

co
nt
en
t 
ma
in
ta
in
ed
 a
 h
ig
he
r 
ra
te
 o
f 
ge

rm
in

at
io

n 
af
te
r 
18

 m
on
th
s 
in

 s
to
ra
ge
.

D
e
a
r
m
a
n
 e
t 
al
. (
1
9
8
6
)

3
.

T
o
m
a
t
o

T
h
e
 o
sm
op
ri
me
d 
to

ma
to

 s
ee

ds
, 
dr
ie
d 
to

 s
ix
 p
er
 c
en
t 
mo
is
tu
re
 c
on

te
nt

 w
er

e 
st

or
ed

at
 1
0°
C,
 20

''
C 
an
d 
30

°C
. 
St
or
ag
e 
at

 1
0 
an
d 
20

°C
 h
ad
 n
o 
in

fl
ue

nc
e 
on

 g
er
mi
na
ti
on

ca
pa

ci
ty

 f
or
 1
8 
mo
nt
hs
, 
wh
il
e 
a 
de
cr
ea
se
 o
f
 t
he

 p
ar
am
et
er
 w
a
s
 o
bs
er
ve
d 

af
te

r 
5

m
o
n
t
h
s
 s
to
ra
ge
 a
t 
30

°C
.

A
l
v
a
r
a
d
o
n
 a
n
d
 B
r
a
d
f
o
r
d

(
1
9
8
8
)

4
.

T
o
m
a
t
o

Th
e 
no
n-
pr
im
ed
 t
om
at
o 
se

ed
s 
ma

in
ta

in
ed

 v
ia
bi
li
ty
 a
ft

er
 o
ne

 y
ea
r 
of

 st
or
ag
e 
at

 4
"C

an
d 

30
°C

. 
Ho

we
ve

r,
 v

ia
bi
li
ty
 
an

d 
ge

rm
in

at
io

n 
ra

te
s 
of

 p
ri

me
d 

se
ed
s 

we
re

si
gn

if
ic

an
tl

y 
re
du
ce
d 
af

te
r 
si

x 
mo

nt
hs

 s
to
ra
ge
 a
t 
30
°C
.

Ar
ge

ri
ch

 e
t 
a/

. (
1
9
8
9
)

5
.

As
pa

ra
gu

s
T
h
e
 g
er
mi
na
ti
on
 p
er

 c
en
t 
an
d 

ra
te
 o
f
 p
ri
me
d 
as

pa
ra

gu
s 
an
d 
to
ma
to
 s
ee
ds
 s
to

re
d

O
w
e
n
 a
nd

 P
il
l (
1
9
9
4
)

l
b

1
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xm
de
r 
4°
C 
we

re
 m
a
x
i
m
u
m
 u
p 
to

 t
hr
ee
 m
on
th
s 
of
 st

or
ag

e 
th
an
 t
he
 s
to
ra
ge
 a
t 2

0"
C.

6
.

M
u
s
k
m
e
l
o
n

W
h
e
n
 c
om

pa
re

d 
to

 n
on
-p
ri
me
d 
se
ed
s,
 p
ri
me
d 
mu
sk
me
lo
n 
se
ed
s 
lo

st
 v
ia

bi
li

ty
 m
or
e

ra
pi
dl
y,
 g
er

mi
na

te
d 
mo

re
 s
lo

wl
y,

 a
nd

 l
os
t 
un

if
or

mi
ty

 m
or

e 
qu

ic
kl

y 
fo
ll
ow
in
g

co
nt
ro
ll
ed
 d
et

er
io

ra
ti

on
 e
xp
er
im
en
ts
.

O
l
u
o
c
h
 a
n
d
 W
e
l
b
a
u
m

(
1
9
9
6
)

7
.

L
e
e
k
 a
n
d
 O
n
i
o
n

Th
e 
in

vi
go

ra
te

d 
on

io
n 
an
d 
le

ek
 s
ee

ds
 m
ai
nt
ai
ne
d 
th
ei
r 
vi
ab
il
it
y 
af

te
r 
on

e 
ye
ar
 o
f

st
or

ag
e 
at
 1
0
°
C
.

D
r
e
w
 e
t 
al

. (
1
9
9
7
)

8
.

C
a
n
o
l
a

Pr
im
ed
 c
an

ol
a 
se

ed
s 
ma

in
ta

in
ed

 t
he
ir
 i
nc

re
as

ed
 v
ig
ou
r 
fo

r 
si
x 
mo

nt
hs

 w
h
e
n
 s
to
re
d

un
de

r 
lo

w 
te

mp
er

at
ur

e (
8°

C)
.

Ba
sr

a 
et

 a
l.
 (
2
0
0
3
)

9
.

S
n
a
k
e
 g
ou
rd

T
h
e
 s

tu
dy

 o
n 

st
or
ab
il
it
y 
of

 i
nv

ig
or

at
ed

 
sn
ak
e 

go
ur

d 
se

ed
s 

re
ve

al
ed

 t
ha

t 
th
e

ge
rm
in
at
io
n 

de
cl
in
ed
 d

ur
in

g 
st

or
ag

e 
un
de
r 

th
e 
am
bi
en
t 

co
nd

it
io

n.
 T
h
e
 o

ve
ra
ll

ge
rm
in
at
io
n 
pe
r 
ce

nt
 w
as
 6
2.
83
 a
t 
I
M
A
S
 w
hi
ch
 r
ea

ch
ed

 3
9.

66
 p
er
 c
en
t 

af
te
r 
6

m
o
n
t
h
s
.

M
o
h
a
n
 (
20
05
)

1
0
.

T
o
m
a
t
o

L
o
n
g
 s
to

ra
ge

 p
er

io
ds

 o
f 
os
mo
pr
im
ed
 t
om
at
o 
se

ed
s 
up
 t
o 
si

x 
mo

nt
hs

 i
nd
ic
at
ed
 t
ha
t

pr
im

in
g 
be
ne
fi
ts
 c
ou
ld
 b
e 
ma

in
ta

in
ed

 ti
ll
 t
wo
 m
on

th
s 
an

d 
th

en
 s
ta
rt
ed
 d
ec

li
ni

ng
.

Is
ma
il
 e
t 
al
. (
20

05
).

1
1
.

S
o
y
b
e
a
n

St
or
ag
e 

st
ud

ie
s 
on

 
so

yb
ea

n 
se

ed
s 

tr
ea

te
d 
wi

th
 d

if
fe
re
nt
 f
un

gi
ci

de
s 
an

d 
st
or
ed

im
de
r 
am

bi
en

t 
an
d 
co
ld
 c
on

di
ti

on
 
re

ve
al

ed
 t
ha

t 
th

e 
se

ed
 q
ua

li
ty

 p
ar
am
et
er
s 
su

ch

as
 g

er
mi

na
ti

on
, 
se

ed
li

ng
 l
en

gt
h 
an
d 

vi
go

ur
 i
nd
ex
 d

ec
li
ne
d 

gr
ad
ua
ll
y 
up
to
 s

ix

S
h
a
r
m
a
 e
t 
al
. (
2
0
0
6
)

1
9



mo
nt
hs
 a
nd
 t
he
re
 a
ft

er
 a
 r
ap

id
 d
ec
li
ne
 w
a
s
 o
bs
er
ve
d 
in
 a
mb
ie
nt
 s
to

ra
ge

 c
om
pa
re
d

to
 c
ol
d 
st

or
ag

e.

1
2
.

C
a
s
h
e
w

Se
ed

s 
of
 c
as
he
w 
in

vi
go

ra
te

d 
wi
th
 K
H
2
P
O
4
 (
2
5
0
0
p
p
m
 a
nd
 5
0
0
0
 p
p
m
)
 a
nd
 k
in

et
in

(
2
0
 a
nd

 4
0
p
p
m
)
 in
cr
ea
se
d 
th
e 
st
or
ab
il
it
y 
u
p
 t
o 
13
 m
on

th
s 
un

de
r 
am

bi
en

t 
co

nd
it

io
n.

Mi
ni
 a
n
d
 M
a
t
h
e
w
 (
2
0
0
8
)

1
3
.

T
o
m
a
t
o

Eg
gp

la
nt

Ch
il

li

T
o
m
a
t
o
 s
ee

d 
hy
dr
op
ri
me
d 
fo

r 
4
8
 h
, 
eg
gp
la
nt
 a
nd
 c
hi
ll
i 
se
ed
s 
su
bj
ec
te
d 
to

 s
an
d

ma
tr
ic
 p
ri
mi
ng
 (
8
0
%
 w
at

er
 h
ol
di
ng
 c
ap
ac
it
y)
 fo

r 
3
 d
ay
s 
an
d 
dr

ie
d 
ba
ck
 t
o 
or

ig
in

al

mo
is
tu
re
 c
on

te
nt

 c
ou

ld
 b
e 
st

or
ed

 i
n 
al

um
in

iu
m 
fo
il
 p
ou
ch
es
 f
or
 a
t 
le
as
t 
si
x 
mo
nt
hs

wi
th

ou
t 
lo
si
ng
 t
he
 e
ff

ic
ac

y 
o
f
 th

e 
pr
im
in
g 
tr
ea
tm
en
t.

V
e
n
k
a
t
a
s
u
b
r
a
m
a
n
i
a
n
 a
n
d

U
m
a
r
a
n
i
 (
2
0
1
0
)

1
4
.

S
u
n
f
l
o
w
e
r

Su
nf
lo
we
r 
se
ed
s 
we

re
 s

to
re

d 
at

 d
if

fe
re

nt
 t
em
pe
ra
tu
re
s.
 I

t 
w
a
s
 f
ou
nd
 t

ha
t 

at
 a

te
mp

er
at

ur
e 
o
f
 1
0
°
C
 (
co
ld
 r
oo
m)
, 
se

ed
 v
ig

ou
r 
w
a
s
 m
ai
nt
ai
ne
d 
du
ri
ng
 t
he
 t
we
lv
e

mo
nt
hs
 o
f 
st

or
ag

e 
wi
th
ou
t 
an

y 
si

gn
if

ic
an

t 
ch
an
ge
.

D
e
 S
o
u
z
a
 A
br

eu
. (
2
0
1
2
 )

1
5
.

A
m
a
r
a
n
t
h

T
h
e
 i

nv
ig

or
at

ed
 
se

ed
s 
o
f
 a
ma
ra
nt
h 

st
or
ed
 
un
de
r 

am
bi

en
t 

co
nd
it
io
ns
 r

et
ai

ne
d

vi
ab

il
it

y 
u
p
 t
o 
th

re
e 
mo
nt
hs
.

Ke
hi

nd
e 
et

 a
l.
 (
2
0
1
3
)

1
6
.

O
n
i
o
n

O
s
m
o
p
r
i
m
e
d
 s

ee
ds
 e

xh
ib

it
ed

 a
 h

ig
he

r 
en

er
gy

 o
f
 g
er
mi
na
ti
on
 t

ha
n 
no
n-
pr
im
ed

se
ed
s 
af
te
r 
st

or
ag

e 
at

 4
°
C
,
 b
ut

 l
ow
er
 g
er

mi
na

ti
on

 c
ap

ac
it

y 
af
te
r 
st

or
ag

e 
at

 2
0°

C.

Va
lu
es
 o
f
 g
er

mi
na

ti
on

 r
at
es
 (
Ti

o 
an

d 
T5
0)
 r
em

ai
ne

d 
lo
we
r 
fo

r 
pr

im
ed

 t
ha

n 
fo

r 
no
n-

pr
im
ed
 s
ee

ds
, 
du
ri
ng
 w
ho

le
 s
to
ra
ge
, 
es

pe
ci

al
ly

 a
t 
4°

C.
 T
h
e
 r
es
ul
ts
 s
h
o
w
e
d
 t
ha
t 
fo

r

D
o
m
a
 e
ta

l.
 (
2
0
1
3
)

(J
S

2
0



''
i

ma
xi

ma
l 
se

ed
 v
ia
bi
li
ty
 a
nd
 g
er

mi
na

ti
on

 r
at
e 
af

te
r 
6
 a
nd
 1
2 
mo
nt
hs
 s
to
ra
ge
, 
bo

th

hy
dr
op
ri
me
d 
an
d 
os
mo
pr
im
ed
 s
ee

ds
 s
ho

ul
d 
to
 b
e 
st
or
ed
 a
t 4
°
C
 r
at

he
r 
th

an
 2
0°

C.

1
7
.

S
u
n
f
l
o
w
e
r

Th
e 
se
ed
s 
st
or
ed
 u
nd
er
 a
mb

ie
nt

 c
on
di
ti
on
 s
ho
we
d 
a 
sh
ar
p 
de

cl
in

e 
in
 g
er
mi
na
ti
on

fr
om

 t
he

 t
hi
rd
 m
on
th
 o
f 
st

or
ag

e;
 f
ul
ly
 l
os
in
g 
th
ei
r 
ge

rm
in

at
in

g 
po
we
r 
in
 t
he

 s
ix

th

mo
nt

hs
 r
eg
ar
dl
es
s 
of
 th

e 
ty

pe
 o
f 
pa

ck
ag

in
g 
us
ed
 f
or

 s
to

ra
ge

. 
In

 t
he

 d
ry

 c
ol
d 
ro
om
,

th
e 
re
fr
ig
er
at
or
 a
nd

 f
re

ez
er

, g
er
mi
na
ti
on
 o
f 
su
nf
lo
we
r 
se

ed
s 
re
ma
in
ed
 o
ve
r 
80

 p
er

ce
nt

 t
hr
ou
gh
ou
t 
th
e 
st

or
ag

e 
pe

ri
od

.

L
i
m
a
 e
ta

l.
 (
2
0
1
4
)

1
8
.

L
e
u
c
o
s
p
e
r
m
u
m

co
rd
if
ol
iu
m

L
o
w
 t
em
pe

ra
tu

re
 s
to
re
d 
se

ed
s 
ma
in
ta
in
ed
 a
 h
ig
h 
vi
ab
il
it
y 
an

d 
vi
go
ur
 f
or
 t
wo
 y
ea
rs

bu
t 
am

bi
en

t 
te

mp
er

at
ur

e 
st
or
ag
e 
le
d 

to
 a
 m
ar

ke
d 

de
cl

in
e 

af
te

r 
1 

ye
ar

 e
nd

in
g

ex
hi
bi
ti
ng
 a
lm
os
t 
co

mp
le

te
 m
or

ta
li

ty
 a
ft

er
 f
ou
r 
ye

ar
s 
of

 sh
el

f s
to
ra
ge
.

Br
it
s 
et

al
. (
2
0
1
5
)

1
9
.

S
e
s
a
m
e

Th
e 
se
sa
me
 s
ee

ds
 s

to
re
d 

in
 r

ef
ng
er
at
ed
 c

on
di

ti
on

 r
et
ai
ne
d 

th
ei
r 

vi
ab
il
it
y 
an

d

vi
go

ur
 f
or
 t
we

lv
e 
mo

nt
hs

 c
om

pa
re

d 
to

 s
ee

ds
 t
ha

t 
re
ta
in
ed
 v

ia
bi

li
ty

 o
nl

y 
fo

r 
si

x

mo
nt
hs
 u
nd
er
 a
mb

ie
nt

 s
to

ra
ge

L
i
m
a
 e
ta

/.
 (
20
14
)

2
0

Fo
dd

er
 s
o
r
g
h
u
m

In
 a
n 
ex
pe
ri
me
nt
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3. MATERIALS AND METHODS

The study on 'Impact of pre-storage seed invigoration in ash gourd seed

{Benincasa hispida (Thunb.) Cogn.),' was conducted in Kerala Agricultural

University (KAU) during 2016-18. The study was conducted with the objective of

ascertaining the storage potential of treated seeds under refrigerated and ambient

conditions as well as to elucidate the effect of invigoration on thawed seeds

during storage in ash gourd variety KAU Local. The details regarding the

materials and techniques that have been used for the research work are described

below.

3.1 Location and climate

The experiment was conducted at the Department of Seed Science and

Technology, College of Horticulture, Kerala Agricultural University (KAU),

Vellanikkara P. O., Thrissur 680656. The location experiences humid tropical

climate and is located 40 m above MSL at 10°54' North latitude and 76°28' East

longitude. The relative humidity ranged between 51 per cent (February, 2017)

and 85.00 per cent (July, 2018) while rainfall varied from 0.00 nun (February,

2017) to 793.20 mm (July, 2018) during the study. The monthly mean maximum

temperatures ranged from 36°C (February, 2017) to 33.2°C (May, 2018), while

the range in mean minimum temperature was between 23.2°C (February, 2017)

and 22.6°C (May, 2018).

3.2 Experimental material

For the conduct of the experiment, the seed of ash gourd variety KAU

Local was collected immediately after the extraction from Vegetable and Fruit

Promotion Council, Keralam (VFPCK), Alathur, Palakkad, cleaned, primed and

dried before storage.

3.3. Experimental method

3.3.1 Treatment details
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The experiment was conducted as a completely randomized design, with

seven treatments replicated thrice. The seed were primed following the

invigoration treatments (Ii to le) specified in Table 1. The untreated seeds (I7)

served as the control.

Table 1: Details of treatment

Treatment Details

Ii CaCl2 (50 mM for 12 h)

I2 CaCb (50 mM for 24 h)

I3 Kinetin (Cytokinin) (10 ppm for 12 h)

I4 Kinetin (Cytokinin) (10 ppm for 24 h)

I5 KH2PO4 (10"' M for 24 hours)

l6 Pseudomonas fluorescens (IxlO'' cfu.mr' for 12 h)

I7 Absolute control

3.3.2. Seed treatment procedure

The seeds were invigorated with the respective priming agents (Table 1) in

the ratio 1:2 on volume basis for the specified period. The invigorated and

untreated seeds were shade dried at room temperature to < 8 per cent moisture

prior to packing.

3.3.3. Method of storage

The quantity (12.5 g) of dried seeds (7%) required for the monthly

assessment (up to 14 months) of seed quality in individual replications of each of

the seven treatment enumerated above, were packed in separate polyethylene bags

of 700 gauge. Three replicates each of thus packed seeds were stored under two

storage conditions i.e., ambient storage (Si) and refrigerated storage (S2). The

temperature imder refrigerated storage was maintained between A^C to 6°C

throughout the storage period.

In addition, under refrigerated storage, sufficient quantity of seed required

to assess the quality parameters on retrieval from refrigeration, were also set
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aside. At monthly intervals up to 10 months of storage (MAS), three replicates of

seed stored under refrigerated condition were taken out and the seeds allowed to

thaw under ambient conditions for a period of five months. In each case {i.e., the

seeds retrieved from refingerated storage at monthly intervals up to 10 MAS), the

effect of thawing on seed quality was assessed every month, up to five months

from retrieval.

3.4. Observations recorded

The seed quality parameters of the invigorated seeds as well as the

untreated seeds were recorded at the start of the storage and subsequently at

monthly intervals up to ten months. In addition, monthly assessment of

germination per cent was continued up to 14 MAS. At bimonthly intervals

quantification of lipid peroxidation, sugar and amino acids leached out from the

seeds and the seed micro flora infection was also done.

3.4.1. Germination (%)

The germination test was carried out in sand medium as per standard

procedure (ISTA, 2010). Four replicates of 100 seeds each were germinated in a

germination room maintained at 25±2°C temperature and 90±3% RH. The

number of normal seedlings were counted in each replication at the end of

germination period i.e., on the 14th day and the per cent of germination was

computed.

3.4.2. Root length of seedling (cm)

The length between the collar region and tip of the root of ten randomly

selected normal seedlings were measured in cm on the final day of germination

i.e., on the 14th day and the average expressed in centimeter.

3.4.3. Shoot length of seedling (cm)
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The length between the collar region and tip of the leaf of the seedlings

used to estimate the shoot length were measured and the average expressed in

centimetre.

3.4.5. Seedling dry weight (mg)

Ten normal seedlings were dried for six hours and then in hot air oven at

85°C for 24 hours. The dried seedlings were cooled in a desiccator for 45 minutes

and weighed and the average dry weight was computed and expressed in

milligram.

3.4.6. Speed of germination (Germination index)

In each treatment, four replicates of twenty five seeds were used to assess the

speed of germination. The seeds showing radicle protrusion were counted every

day from third day after sowing up to 14 days. The speed of germination was

calculated as per the following formula and were expressed as number (Maguire,

1962).

Speed of germination = ~ + "I f

Xi- Number of seeds germinated at first coimt

X2- Number of seeds germinated at second count

Xn- Number of seeds germinated on nth day

Y1- Number of days from sowing to first count

¥2- Number of days from sowing to second count

Yn- Number of days from sowing to nth count

3.4.7. Coefficient of velocity of germination (%)

The coefficient of velocity of germination was calculated and expressed in

per cent in accordance with the formula suggested by Scott et al. (1984).

28



Coefficient of velocity of germination (CVG)

G1 + G2 + G3 + ••• + Gn

(1X 01) + (1 02) H— (nx On)

Gl-Gn: number of germinated seeds from the first to the last day.

3.4.8. Mean time to germination (days)

The mean germination time (MGT) was calculated in accordance with Ellis and

Roberts (1981).

5:Dn
Mean germination time (MGT) = ——

Where,

n = number of seeds which were germinated on day D

D = number of days counted from the beginning of germination.

3.4.9. Energy of germination

The energy of germination was estimated as per Ruan et al. (2002) Fourth

day after sowing was taken as the time period for recording. The per cent of

germinating seeds on the fourth day after sowing relative to the total number of

seeds tested was calculated as the energy of germination.

3.4.10. Vigour index-I

Vigour index-I was calculated using the formula suggested by Abdul- Baki

and Anderson (1972) and expressed as whole number.

Vigour index-I = Germination (%) x Seedling length (cm)
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3.4.11. Vigour index-ll

Vigour index-II was arrived at using the formula suggested by Bewly and Black,

(1994).

Vigour index-II = Germination (%) x Seedling dry weight (mg)

3.4.12. Time taken for 50 per cent germination (T50) (days)

T50 in days was calculated according to the following formula suggested

by Coolbear et al. (1984) and modified by Farooq et al. (2006).

jrQ. ti -f {(N/2) - ni }(ti - tj)
ni — nj

Where N is the final number of germination and nj, nj are the cumulative number

of seeds germinated by adjacent counts at times tj and tj when ni<N/2< nj.

3.4.13. Electrical conductivity (EC) of seed leachate (dSm'^)

In accordance with the procedure suggested by Jackson (1973), three

replicates of 25 seeds from each treatments were pre-washed thrice with the

distilled water to remove the adhering dirt, soil and chemicals. The seeds were

soaked in 25ml of distilled water in separate beakers for 24 hours at room

temperature and was stirred occasionally. The beakers were covered in order to

reduce evaporation and other contaminants. The seed leachate was collected in 50

ml beaker from which EC of seed leachate was measured and expressed as

microSeimens per meter (dSm"').

3.4.14. Seed moisture content (%)

Five gram of ground seed materials was placed in a moisture weighing

bottle and kept in a hot air oven maintained at 103±2°C for 16±lh for drying and

then cooled in a desiccator for 30 minutes. The weight of the seeds before and

after drying was recorded in gram. The moisture content of the seed was

calculated as given below and expressed as per cent (ISTA, 2000).
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M2-M3

Moisture content (%) = x 100

M2-M1

Where,

Ml - Weight of moisture bottle alone

M2 - Weight of bottle + Seed sample before drying

M3 - Weight of bottle + Seed sample after drying.

3.4.15. Seed infection (%)

Storage fungi present on seeds were tested using blotter method as

prescribed by International Seed Testing Association (ISTA, 2000). Ten seeds

were placed equidistantly on three layered moistened blotter taken in sterilized

petri plates. Each treatment was replicated four times. They were incubated at

20±2°C for seven days with alternate cycles of 12h in near ultraviolet light

(NUV) range and for the remaining 12h in dark. On eighth day, the plates were

examined under stereo binocular microscope (SOX) for the presence of seed

borne fungi. The number of infected seeds were counted and expressed in per

cent. Besides, the kind of fungi present was also identified and documented.

3.4.16. Leakage of amino acid (pg leucine eqiv.mT*)

The amino acid estimation was conducted as per the method advocated by

Moore and Stein (1948) and Misra et al. (1975) with minor modifications.

Twenty-five seeds from each replications of each treatments were soaked in 30ml

distilled water for 24h at room temperature (26±1°C) and then 0.1ml of leachate

was taken in the test tube and 1ml of 2% Ninhydrin solution was added and mix

thoroughly. The volume was made up to 2ml with distilled water and the mixture

is heated in a boiling water bath for 20 minutes. To this 5ml of diluent (1 water: 1

propanol) was added and the intensity of colour was measured in
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spectrophotometer at 570 nm. The amount of amino acid leached out was

expressed in pg leucine eqiv.mr' using the standard curve of leucine.

^  3.4.17. Leaching of sugar (pg glucose eqiv.mr*)

The amount of sugar leached out from the seed was determined using the

method described by Mc Cready et al. (1950) with minor modifications. Pre-

cooled 2 ml leachate of ash gourd seeds from each replication of all treatments

were taken separately in the test tube separately. To this 4ml of freshly prepared

ice cold anthrone reagent (0.2% anthrone in 95% H2SO4) was added and kept in

cold for 30 minutes for development of bluish green colour and the intensity of

colour was measured by spectrophotometer at 580 nm. The amount of sugar

leached out was expressed in pg glucose eqiv.mf' using the standard curve of

glucose.

3.4.18. Lipid peroxidatiou (OD)

The magnitude of lipid peroxidation that occurred in ash gourd seeds over

storage was estimated using the protocol suggested by Heath and Packer (1968).

Seed tissue (O.lg) after the removal of seed coat was homogenised with 0.5ml of

0.1% Trichloroacetic acid. The homogenate was centrifuged at 15000 rpm at 4°C

for 10 minutes. From this 0.5ml of supematant was collected and 1.5ml of 0.5%

TBA diluted in 20% TCA was added and the mixture incubated in water-bath at

95°C for 25 minutes The reaction was stopped by incubating in ice and the
solution was centrifuged for 5 minutes (15000 x g, 4°C) and absorbance

measured at 532nm.

3.5 Statistical analysis

Statistical analysis of the data on various seed quality parameters was

performed using OPSTAT and M STAT-C package for completely randomized
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design with two factors (Storage condition and invigoration treatments) that used

Fisher's method of analysis of variance (Gomez and Gomez 1976). Arc sine

transformation of data in per cent was done wherever applicable (Snedecor and

Cochran, 1967).

3.5.1 ANOVA for factorial design

The data recorded in each experiment was analysed using Factorial ANOVA

so as to estimate the effect of both storage condition and invigoration treatment on

dependent variables. This helped us to determine whether there are interactions

between the factors considered. The mean squares due to different sources of

variation were worked out using the following analysis of variance (Gomez and

Gomez 1976).

Source

squares

df Mean square Expected mean

Replication (r-1) M, M/Me

Main effect (A) (a-1) Ma MA/Me23

Main effect (B) (b-1) Mb Ms/Me

Factor (AB) (a-l)(b-l) Mab Mab/Ms

Error ah (r-1) Me

3.5.2 Pair-wise comparison using DMRT test

For experiments that require the evaluation of all possible pairs of

treatment means, Duncan's multiple range test (DMRT) is useful. This is

especially true when the total number of treatments is large.

DMRT involves the computation of numerical boundaries that allow for

the classification of the difference between any two treatments or means as

significant or non-significant. The procedure for applying the DMRT is similar to
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that for the LSD test. However, unlike the LSD test in which only a single value is

required for any pair comparison at a prescribed level of significance, the DMRT

requires computation of a series of values, each corresponding to a specific pair

comparisons. The following steps are followed for ranking the data (Gomez and

Gomez, 1976).

Step 1; The treatment means were ranked in decreasing (or increasing) order. It is

customary to rank the treatment means according to the order of preference.

Step 2: The Sa value following the appropriate procedure

Step 3: Compute the (t -1) values of the shortest significant ranges was computed

as:

„  (rp)(sd) ^ ^ .
Rp= ^ forp = 2,

where't' is the total number of treatments,'s', is the standard error of the

mean difference computed in step 2, 'r' values are the tabular values of the

significant ranges, and 'p' is the distance in rank between the pairs of treatment

means to be compared (i.e., p = 2 for the two means with consecutive rankings

and 'p' = t for the highest and lowest means).

Step 4: All treatment means that do not differ significantly from each other were

identified and grouped together.

Step 5: According to the ranking to present the test results alphabet notation was

used.
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Results & Discussion



4. RESULTS AND DISCUSSION

^  Seed is a vehicle for genetic transformation and hence, it needs to be highly

vigorous and viable for a long period of time to produce a healthy population

generation after generation. Like all other living entities, seed too undergo the

phenomenon of ageing, finally leading to the loss of vigour and viability. However,

by keeping the factors that accelerates the deteriorative process under control, the

longevity of the seed can be extended. Although various seed enhancement

technologies have proven to be advantageous in improving and maintaining the

performance of the seed under storage, an effective technique to extend the high

vigoiu" and viability of seeds over a long period of storage under the high humid

conditions prevailing in Kerala is wanting. In addition, the effect of these

treatments following a brief period of storage under refrigeration also needs

attention.

^  Considering the above, the present study was formulated to evaluate the
impact of pre-storage seed invigoration treatment and the storability of the

invigorated seeds of ash gourd under ambient and refrigerated storage condition as

well as their impact on seeds when subjected to thawing. The results obtained are

detailed and discussed below.

4.1 Impact of storage environment on seed quality

4.1.1 Analysis of variance

Results indicated existence of wide variability in the impact of storage

conditions, invigoration and their interaction on most of the seed indices studied

before storage as well as during the entire period of seed storage.

4.1.2 Seed quality before storage

^  The seed quality parameters before storage are presented in Table 2. The

seed quality parameters of the untreated seeds before storage were found to be

inferior to the invigorated seeds. Irrespective of the invigoration treatments it was

found that germination in all the invigorated seeds had reached above the
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minimum standards for seed certification (60%), whereas it had reached only 21.10

per cent in untreated seeds. At the start of the experiment, owing to seed

invigoration, the per cent increase in germination varied fi-om 197 per cent (kinetin

10 ppm for 12h) to 221 per cent (kinetin 10 ppm for 24h) in comparison to the

untreated control.

Similarly, other seed quality parameters such as germination index,

coefficient of velocity of germination (%), energy of germination (GE), vigour

indices and allometric index were high for the invigorated seeds compared to the

untreated seeds. The mean germination time (days), seed microflora (%) and time

taken for 50 per cent germination (days) was high in untreated seeds compared to

the invigorated seeds

4.1.3 Seed qualities during storage

4.1.3.1 Germination (%)

The results on germination (%) as influenced by storage condition,

invigoration treatment and their interaction effects during the storage period are

presented in Tables 3 and 4.

4.1.3.1 Due to Storage condition (S)

The germination of seeds stored under ambient storage (Si), varied from

90.15 per cent at 1 MAS and 0.00 per cent at 14 MAS, while that of seeds stored

under refrigerated storage (S2) ranged between 70.12 per cent at 1 MAS to 43.65

per cent at 14 MAS.

Germination of seeds stored under the refrigeration was lower than that

under ambient storage up to 3 MAS. However, cold stored seeds exhibited

significant superior germination than that under ambient storage (Si) from 5 MAS

(Si;67.61%; S2: 87.28%) to the end of storage period (14 MAS).

The germination in Si was retained above MSGS of 60 per cent up to 5

MAS (67.61) whereas, in S2 it was retained above MSGS for 13 MAS (61.34%)

(Fig.2). Similar reports on the extension of seed viability under the cold storage

and its advantage over ambient storage were also observed by Doijode (2005) in
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okra, Jyothi et al. (2008) in chilli, Dhatt (2016) in pancy, Basavegowda et al.

(2016) in pigeon pea and Dhatt et al. (2018) in Nemesia strumosa.

4.1.3.1.2 Due to Invigoratioii treatment (I)

Irrespective of the storage condition, the invigorated seeds exhibited

significantly higher germination than the untreated control (I?: 71.68%) at 4 MAS,

the exception being I3 (kinetin 10 ppm 12h; 75.00%) and Lj (kinetin 10 ppm for

24h; 66.40%). From 5 MAS, germination in untreated control (I7: 84.43%) was

found to be on par with that in h (CaCh 50mM 12h; 86.37%) and I2 (CaCl2 50mM

24h; 87.77%) up to 7 MAS (I7: 77.22%, b: 72.77% and I2: 75.57%). Germination

of bio-primed seeds (le: /y 1x10® cfu.mr'l2h) was also on par with Ii (CaCb

50mM 12h) and I2 (CaCb 50mM 24h) up to 7 MAS, except during 5 MAS.

Unlike the invigorated seeds which exhibited a germination per cent above

80 at 1 MAS, the germination of the untreated control (I7) was below the MSGS

at 1 MAS and gradually reached a maximum of 84.43 per cent at 5 MAS. This

indicated that invigoration induced early germination. The finding is in

consonance with that of earlier workers (Farooq et at., 2007; Afzal et al., 2008;

Sathish, 2009; Moeinzadeh et al., 2010; Afzal et al.. 2011 and Afzal et al, 2012,

Kumar and Singh, 2013; Sahib et al, 2014; Vishwanath et al, 2014; Jamadar and

Chandrashekar, 2015; Shobha, 2016; Ananthi et al, 2017; Zeb et al, 2018).

Untreated (I7) seeds retained viability above MSGS up to 9 MAS (66.93%)

followed by 8 MAS in Ii (GaGl2 50mM 12h; 70.55%) and I2 (GaGb 50mM 24h;

60.22%). Seeds invigorated with kinetin (I3: 60.82% and I4: 64.17%) retained

viability above MSGS for 6 MAS while it was 7 MAS each for seeds invigorated

with Pf (73.07%) and KFI2PO4 lO'^M 24h (I5; 70.57%). It was evident that

irrespective of the storage condition, untreated seeds retained viability above

MSGS for an additional one month compared to invigorated seeds. According to

Venkatasubramanian and Umarani (2010), the probability for the reduced

storability of the invigorated seeds under prolong storage may arise if duration of

seed priming extends to an advanced stage where the seeds enter into the synthetic

phase leading increase in DNA content.
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4.1.3.1.2 Due to Invigoration treatment (I)

Irrespective of the storage condition, the invigorated seeds exhibited

significantly higher germination than the untreated control (I7: 71.68%) at 4 MAS,

the exception being I3 (kinetin 10 ppm 12h; 75.00%) and I4 (kinetin 10 ppm for

24h; 66.40%). From 5 MAS, germination in untreated control (I7: 84.43%) was

found to be on par with that in b (CaCh 50mM 12h; 86.37%) and I2 (CaCb 50mM

24h; 87.77%) up to 7 MAS (I7: 77.22%, Ij: 72.77% and I2: 75.57%). Germination

of bio-primed seeds (le: Pf 1x10® cfu.mf'Uh) was also on par with b (CaCb

50mM 12h) and I2 (CaCl2 50mM 24h) up to 7 MAS, except diuing 5 MAS.

Unlike the invigorated seeds which exhibited a germination per cent above

80 at 1 MAS, the germination of the untreated control (I7) was below the MSGS

at 1 MAS and gradually reached a maximum of 84.43 per cent at 5 MAS. This

indicated that invigoration induced early germination. The finding is in

consonance with that of earlier workers (Farooq et al, 2007; Afzal et al, 2008;

Sathish, 2009; Moeinzadeh et al, 2010; Afzal et al, 2011 and Afzal et al, 2012,

Kumar and Singh, 2013; Sahib et al, 2014; Vishwanath et al, 2014; Jamadar and

Chandrashekar, 2015; Shobha, 2016; Ananthi etal, 2017; Zeb et al, 2018).

Untreated (I7) seeds retained viability above MSGS up to 9 MAS (66.93%)

followed by 8 MAS in h (GaGb 50mM 12h; 70.55%) and I2 (GaGb 50mM 24h;

60.22%). Seeds invigorated with kinetin (I3: 60.82% and I4: 64.17%) retained

viability above MSGS for 6 MAS while it was 7 MAS each for seeds invigorated

with Pf (73.07%) and KH2PO4 10"'M 24h (I5: 70.57%). It was evident that

irrespective of the storage condition, untreated seeds retained viability above

MSGS for an additional one month compared to invigorated seeds. According to

Venkatasubramanian and Umarani (2010), the probability for the reduced

storability of the invigorated seeds under prolong storage may arise if duration of

seed priming extends to an advanced stage where the seeds enter into the synthetic

phase leading increase in DNA content.

However, considering the significant superiority of seeds invigorated with

Ii (GaGl2 50mM 12h; 86.37%) and I2 (GaGl2 50niM 24h; 87.77%) with respect to
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germination in the initial storage period (4 MAS) coupled with retention of

germination above MSGS for 8 MAS, invigoration with CaCl2 50mM can be

advocated. Similarly, bio-priming with Pf Pf cfu.ml"' for 12h) can also

be recommended if the storage period anticipated is less than 8 MAS.

As in the present study, the advantage of invigorating seeds of ash gottrd

with CaCb 50mM was also reported by Shobha (2016). Similar findings have been

reported by Kulkami and Eshanna (1988) in maize, Kathiravan (2004) in jatropha,

Afzal et al. (2009) in marigold and Vishwanath et al. (2014) in chilli..

4.1.3.1.3 Due to Interaction (S x I)

Between 1 MAS and 3 MAS, germination of invigorated seeds under

ambient storage (Si) was higher than that of the invigorated and untreated seeds

stored under cold storage (S2). At 1 MAS, it varied between 53.11 per cent in S2I7

(Refrigerated storage - Control) and 99.10 per cent in Sifi (Ambient - CaCb 50mM

12h). Sil| was found to be on par with S1I4 (Ambient - Kinetin lOppm 24h:

98.33%) and Silg (Ambient-P/1x10^ cfu.ml-1 12h: 98.33%).

At 4 MAS, germination in treatments Sih (83.89%), S1I2 (Ambient - CaCh

50mM 24h: 88.33%), S1I5 (Ambient - KH2PO4 10''M 24h: 93.33%), SJe (88.89%)

imder ambient storage were on par with invigorated seeds under refngerated

storage and significantly different from untreated seeds under both ambient (S1I7:

73.89%) and refiigerated storage (S2I7: 69.46%). Thereafter the invigorated seeds

stored under refngerated condition exhibited a significantly higher germination

than the invigorated and untreated seeds under ambient storage

The results indicated that all the invigorated seeds stored under refngeration

except seeds invigorated with ft (82X1: CaCft 50mM 12h) retained viability above

MSGS for 13 MAS whereas, under refrigeration the untreated seeds (S2I7) and

invigorated seeds (82X1) retained viability above MSGS for 12 MAS (Fig.2). The

seeds under refrigeration invigorated with P/lxlO^ cfu.ml"^ for I2h (82X5) recorded

the maximum germination of 73.87 per cent and was significantly superior to other

treatments at 13 MAS. At 13 MAS the treatments S2X2 (Refrigerated-GaGft 50mM

24h: 60.0%), S2X3 (Refngerated - Kinetin lOppm 12h: 64.97%), S2X4 (ICinetin
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lOppm 24h: 61.67%) and S2I5 (Refiigerated - KH2PO4 IO'M 24h: 62.23%) were on

par with each other and found to be next best to S2I6.

In case of seeds under ambient storage, viability above MSGS was retained

for a maximum period of 8 MAS in Sih (Ambient - CaCb 50mM 12h; 61.10%)

followed by 7 MAS S1I2 (Ambient - CaCh 50mM 24h 63.89%) and S1I7 (Ambient

- control: 70.00%).

As in the present study, Basra et al. (2003) also found that invigorated

canola seeds under low temperature storage maintained their viability longer than

untreated seeds. The result is also in confirmation with the works of Owen and Pill

(1994) in asparagus and tomato and Lima et al. (2014) in sunflower.

The present study thus reveals that irrespective of seed invigoration, storing

seeds under refrigeration at seven per cent moisture content is advantageous over

ambient storage to prolong seed longevity and maintain seed quality. Germination

above MSGS was retained for 13 MAS under refngerator storage compared to 5

MAS in ambient stored seeds. The loss in viability and vigour in seed is rapid when

stored under ambient condition due to prevailing high temperature and relative

humidity (Doijode, 2006). A significant loss in seed quality after harvest occurs

due to the active metabolic processes and respiration taking place in the grain. So,

at most care is necessary during storage for reducing the deteriorative events that

are taking place inside the seed (Brackmann et al., 2002). According to Aguiar

(1995), high temperatures cause increased respiration and depletion of accumulated

reserves which was in conformity to the findings of De Alencar et al. (2006) where

high respiration was reported in grains stored at temperatures of 30''G and 40 °G.

The depletion of food reserve, increase in fat acidity, ultra structural

changes, and reduced activity of enzymes and weakening of membrane integrity

attribute towards the decline in germination over storage (Dhatt and Kumar, 2010).

However, the reduced respiration rate, metabolic activities or the reduced level of

pathogen which ensures the resources in seeds stored under cold storage and it

could have been the reason attributed to a gradual decline in seed quality

parameters of seeds in cold storage compared to a drastic decline in quality of
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seeds stored in an ambient condition (Rajasree and Jirali, 2017). This is in line with

the findings of Filho (2005). He stated that the environments with lower relative

humidity and temperatures, permits the chemical activity inside the seeds to occur

at a slower rate.

Germination of seeds under the refngerated storage was lower than that

under ambient storage in the initial storage period. The germination in the cold

stored seeds gradually spiked over and above that under ambient storage at the

fourth month of storageand retained their superiority during the later phase. The

result is in accordance with the work of Dhatt and Kumar (2010) in gaillardia

where the germination of seeds stored under ambient condition was significantly

higher (1 MAS: 70.33%, 2 MAS: 68.20%, 3 MAS: 65.40% and 4 MAS: 64.07%)

than that stored in cold condition (1 MAS: 68.73%, 2 MAS: 67.33%, 3 MAS:

64.60% and 4 MAS: 63.40%) in the initial months. Thereafter, they observed that

germination under ambient storage at 6 MAS decreased to 50.00 per cent, while the

germination in cold stored seeds was 56.60 per cent.

Irrespective of the storage environment, untreated seeds retained viability

above MSGS longer (9 MAS). Considering the significant superiority of seeds

invigorated with I, (CaCh 50mM 12h; 86.37%) and h (CaCb 50mM 24h; 87.77%)

with respect to germination in the initial storage period (up to 4 MAS) coupled

with retention of germination above MSGS for 8 MAS, seed invigoration with

GaGb 50mM can be advocated.

Considering the interaction between storage condition and invigoration

treatment, seed invigoration followed by refngerated storage is advantageous. If

only ambient storage condition is feasible, it would be advantageous to prime the

seeds with CaCla 50mM for 12h (ft) as viability above MSGS was retained for 8

MAS compared to untreated seeds (7 MAS). However, if provision for refrigerated

storage is available, bio-priming with iy 1x10^ cfu.mf' for 12h (S2I6) would be

most advantageous followed by invigoration with GaCh 50mM for 24h (I2),
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Kinetin lOppm for 12h (I3), Kinetin lOppm for 24h (I4) and KH2PO4 10"'M for 24h

(I5).

4.1.3.2 Mean germination time (MGT) (days).

The results on mean germination time (days) as influenced by storage condition,

invigoration treatment and their interaction effects during the storage period are

presented in Tables 5 and 6.

4.1.3.2.1 Due to Storage condition (S)

Ambient storage (Si) was significantly superior to the refiigerated storage

(S2) in terms of mean germination time up to 2 MAS. However, the trend revised

from 3 MAS till the end of storage period (10 MAS). Mean germination time under

both ambient and refrigerated storage was initially high (Si: 7.51 days and S2: 8.93

days at IMAS), decreased gradually between 3 MAS (Sii 7.34 days and S2: 5.10

days) and 6 MAS (Si: 4.26 days and S2: 3.77 days) and increased towards the end

of storage period (Si: 5.36 days and S2: 4.15 days at 10 MAS).

Previous work on maize and other crops point out that mean germination

time (MGT), is a possible alternative to assess the seed vigour. Low MGT is

correlated with earliness and synchronicity in germination and is found to be

proportional to the increased plant establishment (Matthews and Hosseini, 2006).

Hence, lower the MGT better is the vigour and field establishment.
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Table 3: Influence of storage condition and invigoration treatment on
germination (%) in ash gourd

Period of storage (months)
Details

11 MAS 12 MAS 13 MAS 14 MAS

Storage condition (S)

7.36^ 2.97" 0.87"

s,
(11.266) (6.501) (2.043)

o".oo

12.T 70.24' 61.34' 43.65'

Sz
(58.79) (57.09) (51.66) (41.287)

SEm ±
1.028 0.731 0.686 0.742

CD 2.992 2.129 1.998 2.159
(0.05)

Invigoration treatment (I)

I, 48.33' 37.22'" 29.17" 20.00"^=
(44.08) (36.16) (30.27) (19.58)

I,
41.88'" 40.40' 30.00" 20.00""
(38.68) (37.13) (25.41) (19.58)
38.35" 36.68'" 32.48'" 21.67""

*3 (34.34) (29.49) (26.84) 20.56

36.12" 33.62" 30.83" 28.61'
(30.95) (30.02) (25.86) (24.59)
36.95" 34.17'" 31.12" 20.56""

^5 (39.74) (27.9) (26.14) (19.89)
42.22'" 39.72'" 36.93' 24.44'"
(33.46) (31.56) (29.64) (22.16)

It

36.38" 34.47'" 27.22" 17.52"
(33.93) (30.28) (23.77) (18.11)

SEm ±
1.923 1.368 1.284 1.387

CD 5.598 3.984 3.738 5.682

(0.05)

* Values in parentheses are Arc sine transformed values
**Means in each column with atleast one letter in common are not significantly
different at 5% level of probability
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Table 4. Interaction effect of storage condition and invigoration treatment on
germination (%) during storage in ash gourd

Treatments

Period of storage (months)

11 MAS 12 MAS 13 MAS 14 MAS

Interaction (S x I)

Sill
32.77"

(34.87)
11.67"

(19.93)
6.13"

(14.30)
0.00"

S1I2
9.33"

(17.71)
6.37"'

(14.59)
0.00" 0.00"

S1I3
2.80"'

(9.29)
0.00® 0.00" 0.00"

S1I4
2.23"'

(4.99)
1.67'®

(5.98)
0.00" 0.00"

S1I5
0.00' 0.00® 0.00" 0.00"

Sil6
0.00' 0.00® 0.00" 0.00"

S1I7
4.43"'

01.97)
1.13'®

(4.99)
0.00" 0.00"

S2I1
63.90"

(53.29
62.77"

(2-40)
52.20"

(46.24)
40.00""

(39.16)

S2I2
74.43"

(59.65)
74.43""

(59.67)
60.00"

(50.82)
40.00""

(39.17)

S2I3
73.90"

(59.39)
73.37""

(58.98)
64.97"

(53.69)
43.33""

(41.12)

S2I4
70.00""

(56.90)
65.57"

(54.07)
61.67"

(51.73)
57.22"

(49.18)

S2I5
73.90"

(59.48)
68.33""

(55.80)
62.23"

(52.28)
41.11""

(39.78)

S2I6
84.43"

(66.93)
79.43"

(63.12)
73.87"

(59.28)
48.89"

(44.33)

S2I7

68.33""

(55.89)

67.80""

(55.57)

54.45"

(47.55)

35.03"

(36.23)

SEm ±
2.719 1.935 1.816 1.962

CD (0.05) 7.917 5.634 5.287 5.682

♦Values in parentheses are Arc sine transformed values
♦♦Means in each column with atleast one letter in common are not significantly different at 5%
level of probability
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Fig 1. Influence of storage condition on germination (%) during storage in ash gourd

Fig 2. Seed longevity in ash gourd as influence by storage environment and invigoration

treatment

Treatmonts (storage environment x



Invigoration treatments I2 (CaCl2 50mM 24h) with the lowest value (7.46

days) for MGT was found to be on par with Ii (CaCb 50mM 24h: 7.70 days) and

significantly superior to the untreated seeds (I?: 10.47 days) at 1 MAS. Ii and I2

were on par with each other over the storage period except at 2 MAS. Untreated

seeds were inferior to all invigorated seeds throughout the storage period, except at

8 MAS.

Similar results on the reduced mean germination time of invigorated seeds

were also reported by Kathiresan et al. (1984) in sunflower seeds when invigorated

with 1% CaCl2 and KH2PO4, Kaya et al. (2006) in sunflower seeds invigorated with

NaCl, Krainart et al. (2015) in cucumber seeds invigorated with KH2PO4, Jamadar

and Chandrashekar (2015) in castor when invigorated with 2% CaCl2.

4.1.3.2.3. Due to Interaction (S x I)

During the start of storage period S1I2 (Ambient - CaC12 50mM 12h), S1I3

(Ambient - Kinetin lOppm 24h) and Silg ( Ambient- Pf 1x10^ cfu.mf' 12h)

registered the least MGT of 6.68 days, 6.93 days and 6.91 days respectively

compared to untreated seeds under ambient storage (S1I7: 10.64 days). From 3

MAS, seeds stored under refrigeration recorded significantly lower MGT compared

to seeds under ambient storage. Both invigorated and untreated seeds under

refrigeration were on par with each other from 3 MAS till the end of storage (10

MAS), exceptions being at 6 MAS and 8 MAS. Hence, it is evident that

irrespective of the invigoration treatments, the seeds stored under refrigerated

storage exhibited a lower value of MGT over the period of storage compared to

that stored under ambient condition.

Mean germination time (MGT), which is the reciprocal of the rate of

germination is considered as highly indicative of emergence performance in seed

lots of pepper (Demir et al, 2008) and maize (Matthews and Hosseini, 2006;

Khajeh-Hosseini et al, 2009). They reported significant correlations between MGT

and rate of emergence, measured as mean emergence time (MET), final emergence
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and seedling size and uniformity. The MGT characteristics of seed lots in cucurbits

have been indicative of seed vigour (Mavi et al, 2010).

4.1.3.3. Time taken for 50% germination (days) (Tgo)

The results on T50 (days) as influenced by storage condition, invigoration

treatment and their interaction effects during the storage period are presented in

Tables 7 and 8.

4.1.3.3.1 Due to Storage condition (S)

Ambient storage (Si) was significantly superior to the refrigerated storage

(S2) in terms of T50 up to 3 MAS. However, seeds under refrigerated storage

proved to be superior from 4 MAS to the end of storage period . T50 under both

ambient and refrigerated storage was initially low (Si: 2.98 days and 82: 3.47 days

at 1 MAS) and increased towards end of storage reaching 21.87 days in Si and 3.77

days in S2.

Our results are in line with that of Tzortzakis (2009) and Sarihan et al.

(2005). Kato-Noguchi and Macfas (2005) pointed out that lower T50 may be due to

possible early activation or de novo synthesis of cell wall degrading enzymes.

4.1.3.3.2 Due to Invigoration treatment (1)

Irrespective of the storage condition, the invigorated seeds recorded

significantly low values for T50 compared to untreated seeds, except between 6

MAS and 8 MAS. Treatment I2 (CaC^ 50mM 24h) was on par with Ii (CaCb

50mM 12h) during most of the storage period, except during 3 MAS. In addition, Ii

(CaCb 50mM 12h: 44.01 days) and I2 (CaCb 50mM 24h: 4.28 days) was also on

par with Is (iy IxIO'^ cfii.mr' I2h: 6.65 days.) till 8 MAS.

49



A

Ta
bl

e 
5.

 In
fl
ue
nc
e 
of
 s
to
ra
ge
 c
on

di
ti

on
 a
n
d
 i
nv
ig
or
at
io
n 
tr

ea
tm

en
t 
o
n
 m
e
a
n
 g
er
mi
na
ti
on
 t
im

e (
da

ys
) 
du

ri
ng

 s
to
ra
ge
 i
n 
as

h

D
e
t
a
i
l
s

P
e
r
i
o
d
 o
f
 s
to
ra
ge
 (
m
o
n
t
h
s
)

1
 M
A
S

2
 M
A
S

3
 M
A
S

4
M
A
S

5
 M
A
S

6
 M
A
S

7
 M
A
S

8
 M
A
S

9
 M
A
S

1
0
 M
A
S

S
t
o
r
a
g
e
 c
on
di
ti
on
 (
S
)

S
i

7
.
5
r

7.
38

"
7.
34
®

3
.
7
4

4.
04
®

4.
26

®
4.

50
®

4.
73

®
4.
90
®

5.
36

®

S
z

8.
93
®

8.
09

®
5.
10
"

3
.
8
8

3.
83
"

3.
77
"

3.
87

9"
3.
94
"

4.
09

"
4.
15
"

S
E
m
 ±

0
.
0
3

0
.
0
4

0
.
1
1

0
.
0
5

0
.
0
7

0
.
0
3

0
.
0
6

0
.
0
5

0
.
0
6

0
.
0
7

C
D
 (
0.

05
)

0
.
1
0

0
.
1
1

0
.
3
3

N
S

0
.
2
0
7

0
.
0
9

0
.
1
9

0
.
1
6

0
.
1
9

0
.
2
1

In
vi

go
ra

ti
on

 t
r
e
a
t
m
e
n
t
 (
I
)

Ii
7
 7
0d

e
7
.
3
3
"

6.
10
"

3
.
7
9

4
.
0
1

4
.
1
1

4
.
1
9

4.
20

®"
4.

34
"

4
.
5
8

l2
7.

46
®

7
 1
2c
d

5.
88
"

3
.
8
1

4
.
0
9

4
.
0
2

4
.
1
2

4.
22

®"
4.

38
"

4
.
6
3

I3
8.
04
"®

6.
98

''
6.
16
"

3
.
7
6

3
.
8
5

3
.
9
7

4
.
1
6

4
.
4
7
®

4.
61
®

4
.
8
5

I4
8.

30
"

7.
93

"
6.
33
"

3
.
8
3

3
.
9
1

3
.
9
7

4
.
0
8

3.
90
"

4.
22

"
4
.
4
3

Is
7
 9
0c
d

7.
74

"
5.

90
"

3
.
9
0

3
.
8
3

3
.
8
5

4
.
2
5

4.
48

®
4.
51
®

4
.
9
0

l6
7
 7
2d

e
6.
97
''

5.
82
"

3
.
9
2

3
.
9
9

4
.
1
1

4
.
2
2

4.
55

®
4.
77
®

4
.
9
7

I7
10
.4
7®

10
.1
3®

7.
35
®

3
.
6
9

3
.
9
3

4
.
1
0

4
.
3
1

4.
55

®
4.
66
®

4
.
9
5

S
E
m
±

0
.
0
7

0
.
0
7
5

0
.
2
1
3

0
.
0
9
6

0
.
1
3
3

0
.
0
6
2

0
.
1
2
3

0
.
1
0
7

0
.
1
2
2

0
.
1
4

C
D
 (
0.
05
)

0
.
2
0
4

0
.
2
1
8

0
.
6
1
9

N
S

N
S

N
S

N
S

0
.
3
1

0
.
3
5

N
S

*
M
e
a
n
s
 i
n 
ea
ch
 c
ol

um
n 
wi

th
 a
tl
ea
st
 o
ne

 l
et
te
r 
in
 c
o
m
m
o
n
 a
re
 n
ot

 s
ig
ni
fi
ca
nt
ly
 d
if
fe
re
nt
 a
t 5
%
 l
ev
el
 o
f 
pr
ob
ab
il
it
y

5
0



A

Ta
bl

e 
6.
 In

te
ra
ct
io
n 
ef

fe
ct

 o
f s

to
ra

ge
 c
on
di
ti
on
 a
nd
 i
nv
ig
or
at
io
n 
tr

ea
tm

en
t 
on

 m
ea

n 
ge

rm
in

at
io

n 
ti

me
 (d

ay
s)

 du
ri

ng
 s
to

ra
ge

 i
n 

as
h

g
o
u
r
d

T
r
e
a
t
m
e
n
t

s

Pe
ri
od
 o
f
 s
to

ra
ge

 (
m
o
n
t
h
s
!

1
 M
A
S

2
 M
A
S

3
 M
A
S

4
 M
A
S

5
 M
A
S

6
 M
A
S

7
 M
A
S

8
 M
A
S

9
 M
A
S

1
0
 M
A
S

In
te

ra
ct

io
n 
(
S
 x
 I
)

Si
l,

7.
19

®
7.
10
''
'

6.
92

'
3
.
7
6
'

4
.
3
4
'

4
.
4
0
"

4.
46
'"

4
 49

bc
de

4
.
5
6
"

5
.
0
3
"

S1
I2

6.
68
*'

6.
91
'^

7.
06
'

3
.
8
6
'

4
.
1
8
"

4.
21
''
'

4.
21
"'
"

4.
37

'"
''

4
.
5
6
"

5
.
1
3
"

S1
I3

6.
93
®^

6.
74

^
7.
05
'

3
.
7
8
'

4
.
0
0
"

4
.
1
4
"

4.
40
'"

4
.
9
2
"

5
.
1
9
'

5.
51

'"

S1
I4

7.
13

®
7.

22
"'

'
7.
01
'

3
.
8
1
'

4
.
0
0
"

4.
18
'"

4
.
5
0
"

4.
52
"'
"

4.
52

'"
"

4.
94
'"

S1
I5

7.
16

®
7.
07
''
'

0
cr

3
.
9
2
'

3
 9
2'

'
4.

20
'"

4
.
6
0
'

5
.
0
0
'

5
.
0
7
"

5
.
8
2
'

Si
lf
i

6.
91

®^
6
.
6
f

6.
86
'

3
.
7
7
'

4
.
0
8
"

4
.
4
6
'

4
.
6
7
'

5
.
0
0
'

5
.
4
2
'

5
.
6
3
"

S,
l7

1
0
.
6
4
'

1
0
.
0
0
'

9
.
3
6
'

3.
29
'

3
.
8
0
"

4
2
7
"

4
.
6
7
'

4.
83

'"
4
.
9
9
"

5.
50
'"

S2
I1

8.
21
'"

7
.
5
5
'

5
.
2
9
'

3
.
8
2
'

3.
67

'
3.

82
^^

3.
92

'"
3.
92
'

4.
12
'"
'

4
.
1
4
'

S2
I2

8.
23
^

7.
33

"'
4
.
6
9
'

3
.
7
7
'

3
.
9
9
"

3.
83
''

4.
03

''
"

4.
07

"'
'

4.
21
'"
'

4
.
1
4
'

S2
I3

9.
15

''
7.
22
'^
'

5
.
2
7
'

3
.
7
3
'

3
.
7
0
"

3.
80
''

3.
92

'"
4.

02
''

4.
03
'"
'

4
.
1
9
'

S2
I4

9.
47
*=

8.
64

*'
5
.
6
4
'

3
.
8
4
'

3
.
8
2
"

3.
76

''
'

3.
66
"

3
.
2
7
®

3
.
9
2
'

3
.
9
2
'

S2
I5

8
.
6
4
'

8.
40

'
4
.
6
9
'

3
.
8
8
'

3
 7
3^

^
3
.
5
1
'

3.
89

'"
3.
95
'

3.
96
"'

3
.
9
7
'

S2
I6

8
.
5
3
'

7.
26

"'
4
.
7
7
'

4
.
0
7
'

3
.
9
0
"

3.
76

"'
3.
78
"

4.
09

"'
'

4.
12
'"
'

4
.
3
1
'

S2
I7

10
.3
'

1
0
.
2
6
'

5
.
3
4
'

4
.
0
9
'

4
.
0
6
"

3.
94
'"

3
.
9
6
"
"

4
.
2
6
"
"

4.
34
'"
'

4.
41
"'

S
E
m
 ±

0
.
0
9
9

0
.
1
0
6

0
.
3
0
1

0
.
1
3
6

0
.
1
8
8

0
.
0
8
8

0
.
1
7
4

0
.
1
5
1

0
.
1
7
3

0
.
1
9
8

C
D
 (
0.

05
)

0
.
2
8
4

0
.
3
0
8

0
.
8
7
0

0
.
3
1
5

0
.
5
4
4

0
.
2
5
3

0
.
5
0
1

0
.
1
5
0

0
.
4
9
9

0
.
5
7
4

*M
ea
ns
 in

 e
ac

h 
co
lu
mn
 w
it

h 
at

le
as

t o
ne
 le

tt
er

 in
 c
om

mo
n 
ar

e n
ot
 si

gn
if

ic
an

tl
y d

if
fe

re
nt

 at
 5
%
 le

ve
l o

f p
ro
ba
bi
li
ty

5
1



Nawaz et al. (2011) observed that halopriming treatments resulted in lower

T50, MGT and higher Final germination per cent (FGP) in tomatoes. There was a

significant decrease in time taken to 50% germination with invigoration which may

be attributed to early reserve breakdown as well as reserve mobilization.

4.1.3.3.3 Due to Interaction (S x I)

During the start of storage period {ie., at 1 MAS), S1I2 (Ambient - CaCb

50mM 24h), S1I5 (Ambient- KH2PO4 lOTM 24h) and Silg ( Ambient - /y 1x10^

cfu.mf' 12h) registered low T50 of 2.48 days, 2.68 days and 2.47 days respectively

compared to the highest T50 values registered by untreated seeds under ambient

storage (S1I7: 4.00 days). The untreated seeds and most of the invigorated seeds

registered significantly low T50 from 6 MAS. However, at the end of storage period

(10 MAS) Sile (Ambient - Pf 1x10^ cfu.mf' 12h; 57.00 days) followed by S1I7

(Ambient - untreated: 25.50 days) and STs (Ambient - KH2PO4 IO 'M 24h: 24.60

days) registered significantly higher T50 values while S2I4 (Refrigerated - Kinetin

lOppm 24h: 3.52 days) registered the least T50 value.

T50 is considered inversely proportional to seedling vigour. The earliness in

time taken to attain 50 per cent germination (T50) by invigorated seeds as evident in

the study is in conformity with the results of Dezfuli et al (2008) in maize. The

effect of kinetin in reducing the germination time has been proved by Nawaz et al.

(2013) in tomato where seeds invigorated with 10 ppm kinetin for 24h recorded

the least T50 value.

4.1.3.4. Energy of germination (GE)

The results on Energy of germination (GE) as influenced by storage

condition, invigoration treatment and their interaction effects during the storage

period are presented in Tables 9 and 10.

4.1.3.4.1 Due to Storage condition (S)

Except at 1 MAS, throughout the storage period seeds stored under the

refiigerated condition (S2: 36.58) registered significantly high GE compared to

52
7/



those stored under ambient condition (Si: 42.08). Under both storage conditions,

GE increased initially and decreased towards the end of storage (Si: 1.33; Sa:

50.04). Under both storage conditions, GE increased initially and decreased

^  towards the end of storage (Si: 1.33; Sa: 50.04). The results are in consonance with

the findings of Mrda et al. (2011). Rajic et al (2005) found that the GE and

germinability of sugar beet seeds was significantly increased six months after

harvesting. Tatic et al. (2008), furthermore, determined that the quality of soybean

seeds was significantly influenced not only by the length of storage but by the

method of storing as well. Ghasemnezhad and Honermeier (2009) on the other

hand foimd that storage duration had no effect on seed GE, which is in opposition

to the findings of the present study.

4.1.3.4.2 Due to Invigoration treatment (I)

During 1 MAS, ft (CaCh: 50mM 12h: 47.98) and h (P/lxlO^ cfia.mf* 12h:

45.70) registered high significantly GE over all other treatments. Untreated seeds

(I?) were inferior to most invigorated treatments during the storage period.

However, towards the end of storage (9 MAS and 10 MAS) no significant

difference between treatments was observed with respect to GE. The invigoration

treatments U (CaCl2 50mM 24h) and I3 (Kinetin 10 ppm 12h) were on par with

each other fi-om 3 MAS to 8 MAS.

Indicators of seed vitality (germination energy and germinability as well as

emergence in field conditions) play a direct role and are the key factor in

determining plant number per hectare, which is one of the three main components

of yield (Mrda et al., 2011). Seed quality also affects the rate and uniformity of

emergence as well as the rate of initial plant growth. The weather conditions can

have great influence on seed quality during the growing season (Mihailovic et al,

2002). Also, when seeds are kept at higher temperatures and higher relative

humidity, their quality may become reduced (Simic et al., 2006).

As found in the present study, seed invigoration with 1% CaCl2 was found

to increase the energy of germination in marigold (Hocart et al., 1990; Kumari et

al., 2017), in tomato, in capsicum and onion when invigorated with KH2PO4

53 7^



(Jagadesh et ai, 1994), in melon when with KNO3 and 1% CaCb (Farooq et al.,

2007).

4.1.3.4.3 Due to Interaction (S x I)

During the start of storage period (1 MAS), Sili (Ambient - CaCl2 50mM 12h),

Sil6 (Ambient - iy 1x10^ cfu-mf' 12h) and S2I1 (Refrigerated - CaCl2 50mM 12h)

registered high GE of 47.73, 51.67 and 48.23 respectively compared to all other

invigorated seeds as well as untreated seeds both under refrigeration and ambient

storage. The seeds (both invigorated and untreated) under refrigeration recorded,

significantly higher GE from 5 MAS to end of storage, indicating that invigoration

followed by refrigeration is more advantageous to produce vigorous seedling when

storage is prolonged. Our results are in concomitance with that of Meena et al.

(2017). They found that soybean seeds packed in high density polythene bags and

stored under room temperature maintained minimum seed certification standards

(72.5 and 75.5 %) only up to 8 months, while the seeds stored under cold storage

could retain their viability up to 14 months. The energy of germination of cold

stored seeds was higher than ambient stored seeds. Similar findings were also

reported by Dearman etal. (1986), Owen and Pill (1994), Doma et al. (2013).

4.1.3.5 Germination index (GI)

The results on Germination index (GI) as influenced by storage condition,

invigoration treatment and their interaction effects during the storage period are

presented in Tables 11 and 12.

4.1.3.5,1 Due to Storage condition (S)

The germination index gradually decreased from 12.436 at 1 MAS to 0.96

at 10 MAS in ambient storage (Si), while it decreased from 12.72 at 4 MAS to 9.70

at 10 MAS in refrigerated storage (S2). During the initial two months of storage,

seeds under ambient storage registered significant higher values of germination

index and hence forth, from 4 MAS to 10 MAS, seeds stored under refrigerated

condition exhibited significant high GI irrespective of invigoration treatment.
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The result is in accordance with the work of Vertucci et al. (1994). They

observed a rapid decline in germination index in pea seeds stored in ambient

storage compared to those under cold storage (5°C). Hussain et al. (2015) noticed a

reduced germination index of rice seeds stored at 25 °C compared to the seeds

stored at -4°C.

According to Maguire (1962), a higher germination index of a sample in

relation to another is an indicative of high seedling vigour. It is used to predict the

relative vigour of samples, especially for cultivated species, since samples with the

same quantity of seeds germinated gives different values for this index. Although

this parameter is not presented with a unit it denotes the number of normal

seedlings per day (Ranal and Santana, 2006).

4.1.3.5.2 Due to Invigoration treatment (I)

Irrespective of the treatments, the germination index showed a decreasing

trend over the storage period. Treatment b (CaCb 50mM 12h) was on par with I2

(CaCla 50mM 24h) throughout the storage period irrespective of storage condition.

In addition, the treatments Ii and I2 were also found to be on par with I3 (kinetin 10

ppm 12h), I4 (kinetin 10 ppm 24h), I5 (KH2PO4 10-1 M 24h) and U {Pf 1x10^

cfu.mf' 12h) at 1 MAS, 2 MAS, 3 MAS and 10 MAS. Irrespective of the storage

condition over the storage period, the untreated seed were significantly inferior to

all other treatments except at eighth and ninth month after storage, indicating the

advantage of invigoration before seed storage.

Similar to the present study, an increased seed performance of seeds

invigorated with CaCl2 was reported by Hocart et al., (1990) in maize seeds

invigorated with CaCh (50 mM), Yousof (2013) in rice and Shobha (2016) in ash

gourd. Shobha (2016) had found that seeds treated with CaCh recorded the highest

per cent increase in germination, germination index and the seed viability for 7

MAS under the ambient storage compared to the untreated seeds.
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4.1.3.5.3 Due to Interaction (S x I)

Under refrigerated storage, irrespective of the treatments, the germination

index registered an initial increase and then exhibited a decreasing trend over the

storage period. This is in agreement with the findings of Lima (2014) in sunflower.

A sharp decline in rate of emergence was observed in ambient stored seeds over

storage while, the index increased up to the ninth month and declined as storage

period prolonged to twelfth month in seeds stored under refrigerated condition.

The performance of untreated seeds under ambient (S1I7) was significantly

inferior to the invigorated seeds throughout the storage period. The germination

index of invigorated seeds under ambient except S1I5 (Ambient - KH2PO4 IO 'M

24h; 12.57) was significantly superior to both invigorated and untreated seeds

under refrigeration during 1 MAS. Further, it was observed that during the initial

three month of storage Sifi (Ambient - CaCb 50mM 12h), SiL (Ambient - CaCh

50mM 24h), S1I3 (Ambient - kinetin 10 ppm 12h), S1I4 (Ambient-kinetin 10 ppm

24h) and SiL (Ambient- iy 1x10^ cfu.mf' 12h) were on par with each other. These

were also found to be on par with S2I1 (Refngerated - CaCL 50mM 12h), S2I2

(Refrigerated - CaCh 50mM 24h), S2I3 (Refrigerated - Kinetin lOppm 12h) and

S1I5 (Refrigerated - KH2PO4 12h) from 2 MAS to 4 MAS and thereafter a

progressive decline in germination index of ambient stored seeds were observed.

The treatment S2I2 (Refngerated - CaCl2 50mM 12h: 12.36) was on par with

S2I6 (Refrigerated - Pf IxXOf' cfu.mf' 12h: 10.42) but significantly superior to all
other treatments. It was observed that GI in S2I2 was on par with S2I1 (Refrigerated

- CaCL 50mM 12h) from 2 MAS to 9 MAS. The germination index of untreated

seeds under refrigerated storage (S2I7) were significantly inferior to the invigorated

seeds during the initial period of storage (1 MAS to 6 MAS) and also at the end of

storage period.
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The high values of germination index in invigorated and refrigerated stored

seeds indicated the retention of seed quality over extended period of storage.

Storing CaC^ invigorated seeds under refrigeration was found to be the best to

acquire higher GI. The advantage of storing invigorated seeds under refrigerated

condition over ambient storage was confirmed by Kanwar (2013). It was found that

seed invigoration (solid-matrix invigoration, hydropriming and halopriming with

KNO3 and CaCh) in bitter gourd can improve storability and germination index up

to six months under refrigerated storage and three months under ambient conditions

4.1.3.6 Coefficient of velocity of germination (CVG) (%)

The results on coefficient of velocity of germination as influenced by

storage condition, invigoration treatment and their interaction effects during the

storage period are presented in Tables 13 and 14.

4.1.3.6.1 Due to Storage condition (S)

The coefficient of velocity of germination in ambient stored seeds

decreased over the period of storage while it increased initially and declined

towards end of storage in seeds stored under refrigeration. The CVG of ambient

stored seeds was 25.77 per cent at 1 MAS and 17.09 per cent at 10 MAS while that

of seeds under refrigeration was 22.47 per cent at 1 MAS, increasing to 26.47 per

cent at 5 MAS and thereafter gradually decreasing to 23.65 per cent at 10 MAS.

It was observed that ambient stored seeds were superior to refrigerated

seeds upto 3 MAS and thereafter seeds stored in refrigerated condition were

significantly superior to the seeds under ambient storage. Our result is in agreement

with the results of Rehman et al. (1999) in acasia, Lanteri et al. (1996) in chilli and

Khaje- Hoseini et al. (2003) in soybean. A reduced CV in seeds stored at ambient

storage compared to those stored in cold storage was also reported by Rastegar et

al. (2011) in soybean. According to Ghassemi-Golezani et al. (2010), a decrease in

germination per cent and other indices could be related to physiological and

biochemical changes during seed aging.
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4.1.3.6.2 Due to Invigoration treatment (I)

Reduction in coefficient of velocity of germination was observed towards

end of storage period in all treatments irrespective of storage condition. The

untreated seed was significantly inferior to invigorated seeds throughout the

storage period of ten months. Seeds invigorated with h (CaCb 50mM 12h) and h

(CaCl2 50mM 24h) were found to be significantly superior throughout the storage

period. These treatments were found to be on par with the treatments I5 (KH2PO4

10'' M 24h) and Ig (P/lxlO® cfu.mf' 12h) at 1 MAS and 6 MAS.

Moghadam and Mohammadi (2013) also reported significant increased

daily germination parameters and germination per cent and reduced mean

germination time in invigorated seeds of safflower. Similarly, a reduction in

germination time i.e., CVG was also reported by Jamadar and Chandrashekhar

(2015) in castor seeds invigorated with 2% CaCb. According to Mewael et al.

(2010), invigoration accounts for the early replication of DNA, increased RNA

production, protein synthesis, enhanced enzyme activity and greater availability of

ATP and repair of deteriorated seed parts. These activities might have accelerated

the early protrusion of radicle and thereby shortening the germination time

(Elouaere and Hannachi, 2013).

4.1.3.6.3 Due to Interaction (S x I)

Irrespective of the treatment at 1 MAS seeds under ambient storage

registered a high significant coefficient of velocity of germination over refrigerated

storage. The CVG of all ambient stored seeds gradually declined from the start to

the end of storage period while over the storage period there was an initial increase

in CVG followed by a decline in case of both invigorated and untreated seeds

stored under refiigeration.
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Both invigorated and untreated seeds under refrigeration were found to be

on par with each other between4 MAS and 10 MAS, except at 6 MAS and 8 MAS.

At 10 MAS, these were also found to be on par with Sih (Ambient - CaCla 50mM

12h) and S1I2 (Ambient - CaCla 50mM 24h), S1I4 (Ambient - kinetin 10 ppm 24h)

and untreated seeds (S1I7). Doijode (2005) found that high vigour in terms of

coefficient of velocity germination was observed in okra seeds stored for 20 years

at low temperature.

4.1.9 Vigour index-I (VI-I)

The results on seedling vigour index I as influenced by storage condition,

invigoration treatment and their interaction during the storage period are presented

in Tables 15 and 16.

4.1.3.7.1 Due to Storage condition

The seedling vigour decreased from 2374.00 (1 MAS) to 228.00 (10 MAS)

under ambient storage, while under refrigerated storage it varied from 1532.00 (1

MAS) and 1544.00 (10 MAS). It was also observed that the VI-I of ambient stored

seeds declined over the period of storage, while that of refrigerated stored seeds

increased initially up to 5 MAS and thereafter declined.

Seeds under ambient storage exhibited significant high VI-I than

refrigerated stored seeds during the initial three months of storage (Fig.3).

Henceforth, from 5 MAS seedling vigour index I of seeds under refrigerated

storage was significantly superior to that of ambient stored seeds.

According to Heydecker (1972), the reduced seedling vigour in stored seeds

was associated with weakening of cell membrane. High rate of lipid peroxidation at

high temperature results in membrane destruction thereby adversely affecting the

seed quality parameters (Rajasree and Jirali, 2017). Powell et al. (2000) stated that

the decreased growth of root and shoot is associated with the seed deterioration

from the loss of viability. Similar results on high vigour indices exhibited by the

seeds of musk melon after 15 months of storage in 5''C and -20°C was reported by
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Doijode, (2017). In addition, storage studies in beans in ambient and cold storage

by Camila (2017) revealed that seed storage at 10°C provided better seed

conservation whereas temperature of 30°C accelerated the deterioration and

reduced the vigour. Vishnurammethi (1996), Jasper (1998) and Ananthi (2001) in

cowpea, Doijode (2005) in okra and Basavegowda et al. (2016) in pigeon pea, also

reported similar results.

4.1.3.7.2 Due to Invigoration treatment (I)

Seedling vigour index I decreased towards the end of period of storage in

both invigorated and untreated seeds. Seed invigoration with b (CaCh 50mM 12h)

and I2 (CaCl2 50mM 24h) were on par with each other throughout the storage

period except at 7 MAS and 9 MAS.

Untreated seeds were significantly inferior to seeds invigorated with CaCU

50mM 12h (Ii) between 1 MAS and 4 MAS and thereafter, they were found to be

on par with each other. The results thus pointed out that it was advantageous to

haloprime seeds with CaCla for improved vigour during storage.

According to lie et al. (2002), halopriming helps to release enzymes and

accelerate seed metabolism and physiological activities which ultimately increase

the germination of seeds. High vigour in the seed invigorated with CaCb as

observed in the present study is in agreement with the studies of Singh et al.

(2017). They observed maximum seedling vigour) in seeds invigorated with CaCb

for 12hours followed by seeds invigorated with 1% CaCb for 8 hours compared to

the untreated seeds. It has also been reported that invigorated seeds exhibited

enhanced germination pattern and higher seedling vigour compared to untreated

seeds (Ruan et al, 2002). Tabrizian and Osareh (2007) observed that the increase

in vigour index by invigoration becomes evident as invigoration improves the

capability of the plants to compete for the basic needs of nutrients, water and light
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4.1.3.7.3 Due to Interaction (S x I)

Seedling vigour index I of invigorated seeds stored under ambient condition

progressively decreased over the storage period, while, the VI-I of invigorated

seeds under cold storage increased initially and then gradually declined towards the

end of storage. Under ambient, all the invigorated seeds were significantly superior

to untreated seeds throughout the storage period.

In case of seeds stored under refngeration, invigoration with CaCla 50mM

for 24h (S2I2) and kinetin 10 ppm for 12h (S2I3) were found to be on par with each

other at 5 MAS as well as towards the end of storage (S2I2: 1621.00 and

S2I3:1540.00). Untreated seeds (I7) was on par with these treatments at 9 MAS and

10 MAS only. At the end of storage period, invigoration with Kinetin lOppm for

24h (S2I4; 1488.00), KH2PO4 10 'M for 24h (S2I5: 1591.00), /y 1x10^ cfu.mf' for

12h (S2I6: 1730.00) were also on par with I2,13 and I7.

Hence, it was evident that storage of seeds under the refrigerated condition

irrespective of invigoration treatments was optimum to deduce high VI-I. Seed

invigoration with CaCl2 was beneficial to realise higher VI-I both under ambient

and refngerated storage.

4.1.3.8 Vigour index II (VI-II)

The results on seedling vigour index 11 as influenced by storage condition,

invigoration treatment and their interaction during the storage period are presented

in Tables 17 and 18.

4.1.3.8.1 Due to Storage condition (S)

The seedling vigour decreased from 2.20 (1 MAS) to 0.29 (10 MAS) under

ambient storage, while under refrigerated storage it varied firom 1.26 (1 MAS) to

1.43 (10 MAS). It was also observed that the VI-II of ambient stored seeds

declined over the period of storage, while that of refngerated stored seeds increased

initially upto 5 MAS and thereafter declined (Fig. 4).
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Seeds under ambient storage exhibited significant high VI-II than

refngerated stored seeds during the initial three months of storage. Henceforth,

from 4 MAS seedling vigour index 11 of seeds under refiigerated storage was

significantly superior to that of ambient stored seeds. This result is in consonance

with the findings of Lima et al. (2014) in sunflower. He found that seedling vigour

index II decreased from 2.20 to 0.29 in Si (ambient storage) while it decreased

from 2.04 at 4 MAS to 1.43 at 10 MAS in S2 (refngerated storage). The trend

observed was attributed to the trend observed in dry weight of seedlings over

storage period. The dry weight of seedlings under refngerated storage was lower

than that of ambient stored seeds over nine months of storage followed by an

increase in the 12*^^ month for seeds stored under refngerated condition, while the

dry weight for the seeds stored under ambient condition gradually reduced up to

third month followed by a sharp decline at the sixth

^  4.1.3.8.2 Due to Invigoration treatment (I)

Seeds invigorated with CaCb 50mM 24h (I2) and CaCl2 50mM 12h (Ii)

were to be on par with each other throughout the storage period except at 7 MAS

(b: 1.29; I2: 1.46) and 10 MAS (Ii: 0.85; I2; 1.01). In addition, I2 was found to be

on par with I5 (KH2PO4 10"' M for 24h) and U (P/lxlO® cfu.ml ' for 12h) from 1

MAS to 7 MAS. The VI-II of untreated seeds (I7) was on par with I2 from 4 MAS

to 10 MAS. Considering the above, seed invigoration with CaCb SOmM for 12h

(I2) was found ideal to obtain vigourous seedling during storage.

As in the present study, invigoration treatments proved to increase the

seedling vigour compared to the untreated seeds (Ashraf and Rauf, 2001; Toklu et

al., 2015 Arun et al., 2017; Singh et al., 2017). According to Dasgupta and

Austerson (1973) seedling vigour, characterised by the weight of seedling is

'  essentially a physiological phenomenon influenced by reserve metabolites and

enzyme activation. A reduction in dry matter content of the seeds is due to the

increased metabolic activity and the associated reduction in the seed reserves

(Bewely and Black, 1982).
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4.1.3.8.3 Due to Interaction (S x I)

The VI-II of both invigorated and untreated seeds under ambient storage

was significantly inferior to that of refrigerated stored seeds from 4 MAS except

with respect to seeds invigorated with CaCh 50mM for 12h (Sili). Sifr was found

to be on par with seeds treated with CaCl2 50mM for 24h under refrigeration (S2I2)

at 4 MAS. SV-n of S2I2 was significantly high and on par with S2I5 (KH2PO4 10"

'M 24h), S2I6 (/yixlO^ cfu.mf' 12h) and untreated seeds (S2I7) from 6 MAS to 10

MAS.

Considering the above, seed invigouration with CaCh 50mM for 24h (I2) followed

by refrigeration was found ideal to obtain high seedling vigour index II while, seed

invigouration with CaCl2 50mM for 12hours (fi) was found be the best for ambient

storage. This is in conformity with the results of Basavegowda et al. (2016) in

pigeon pea where, a high value of seed parameters in terms of seedling dry weight

(65.75 mg), vigour (1096.25) was exhibited by the seeds of pigeon pea stored

under the cold condition compared to a low value of seedling dry weight (50.83mg)

and vigour (398.2) in ambient stored seeds after 26 months of storage. Similar

results were also reported by Sharma et al. (2006) in soybean. Bezerra et al.

(2004), opined that in moringa seeds stored in ambient condition, the initial dry

weight of seedling was maintained up to six months and thereafter showed a drastic

drop at 24^** month of storage, however the variation in seedling dry weight of the
seeds under controlled storage was less pronounced.

4.1.3.9 Allometric index (Al)

The results on seedling allometric index as influenced by storage condition,

invigoration treatment and their interaction during the storage period are presented

in Tables 19 and 20, Plates 1 and 2. The data on seedling shoot and root observed

at monthly intervals are detailed in Appendices I to IV.
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Fig 3. Influence of storage condition on vigour index I in ash gourd

Fig 4. Influence of Storage condition on vigour index 11 in ash gourd
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4.1.3.9.1 Due to Storage condition (S)

The allometric index decreased from 0.35 (1 MAS) to 0.15 (10 MAS) under

ambient storage, while under refngerated storage it varied from 0.25 (1 MAS) to

0.18 (10 MAS). It was also observed that the index of ambient stored seeds

declined over the period of storage, while that of refrigerated stored seeds increased

initially up to 6 MAS and thereafter declined.

Seeds under ambient storage exhibited significant high allometric index

than refngerated stored seeds during the initial four months of storage. Henceforth,

there was no significant difference between seeds imder ambient storage and

refrigerated storage except at 8 MAS and 10 MAS. At 10 MAS the index was 0.18

in refrigerated storage and 0.15 in ambient stored seeds.

Poor seedling establishment is a major deterrent in most vegetable crops.

Allometric index is an indication of seedling field establishment. Higher the AT

greater is the seedling establishment.

4.1.3.9.2 Due to Invigoration treatment (I)

Irrespective of the storage condition the seeds invigorated with ft (CaCl2

50mM 12h) was found to be significantly superior to all treatments upto 3 MAS. It

was found to be on par with I2 during 2 MAS and 3 MAS. No significant difference

was observed between invigorated and untreated seeds from 4 MAS onwards.

Farooq et al. (2006) reported that seed invigoration improved germination

emergence and allometry. They attributed faster and uniform emergence to

improved a-amylase activity, which increased the level of soluble sugars in the

invigorated kernels. The results suggest that physiological changes produced by

osmohardening enhanced the starch hydrolysis and made more sugars available for

embryo growth, vigorous seedling production and, later on, improved allometric,

kernel yield and quality attributes. The results also indicated that seed invigoration

could be an attractive approach to obtain better crop stand.
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a) Ambient Storage

Tr CaCI: (50Mm 12h) T7- Absolute control Tj- KH2PO4 (lO' M 24h)

b) Refrigerated storage

T,- CaCh (50Mm 12h) Tr Absolute control Tr KH2PO4 (10' M 24h)

Plate 1: Growth of seedling from seeds stored under ambient and refrigerated

storage at 10 MAS
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4.1.3.9.3 Due to Interaction (S x I)

The results indicated that seed invigoration and storage environment did not

significantly influence allometric index from 6 MAS till the end of storage.Both

invigorated and untreated seeds under ambient storage as well seeds under

refrigerated storage after invigoration with CaCb 50mM for 12h (S2I1), or for 24h

(S2I2) exhibited significantly high AI over other treatments at 4 MAS. These

treatments were found to be on par with S2I3 (Refrigerated - Kinetin lOppm 12h),

S2I5 (Refrigerated - KH2PO4 lO'^M 24h) and untreated seeds under refiigeration

(S2I7) at 5 MAS. Hence, it was clear that seed invigoration with CaCl2 50mM was

beneficial to sustain AI over storage.

Unlike the results of the present study, Rauf et al (2007) reported existence

of negative and no significant correlation between germination, shoot length and

root length with root/shoot length ratio in wheat.

4.1.3.10 Electrical conductivity (EC) (pSm ')

The results on electrical conductivity (pSm"') as influenced by storage

condition, invigoration treatment and their interaction during the storage period are

presented in Tables 21 and 22.

4.1.3.10.1 Due to Storage condition (S)

The electrical conductivity of seed leachate was observed to increase with

increase in storage period irrespective of storage condition (Fig. 5). The electrical

conductivity of seed leachate of seeds stored in 82 (cold storage) was found to be

least and significantly superior over Si (ambient) throughout storage. The electrical

conductivity of seed leachate increased from 16.77 pSm'^ to 149.98 pSm ' in Si

(ambient condition) while, the increase was from 11.14 pSm"' to 115.49 pSm"' in

S2 (refngerated storage).

The prolonged storage of seeds results in the deterioration of seed as a

result of lipid peroxidation and it leads to the loss of membrane integrity and

thereby increase in seed leachate. The electrical conductivity of the seed leachate

as a measure of membrane integrity is a good index for seed viability and vigour.

The increase in the electrical conductivity of seeds under ambient storage was more
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pronounced than in the seeds under controlled condition. Loss of membrane

integrity during storage is the main reason for increased electrical conductivity

(Delouche and Baskin, 1973). The rapid increase in electrical conductivity of seeds

stored in ambient condition compared to those seeds in refrigerated condition is in

good agreement with the results of Basavegowda et al. (2016) in pigeon pea, where

the electrical conductivity of the seeds stored under cold condition was found to be

significantly low compared to the seeds stored under ambient storage after 26

months of storage.

4.1.3.10.2 Due to Invigoration treatment (I)

Irrespective of storage conditions, seed invigoration with kinetin 10 ppm for

12h (I3) was found to be the least throughout the storage period (Fig.6). The

electrical conductivity of I3 increased from 10.33 pSm"' to 67.98 pSm" at 1 MAS to

10 MAS respectively. I3 (kinetin 10 ppm 12h) was also found to be on par with the

invigoration treatments I4 (kinetin 10 ppm 24h) and I5 (KH2PO4 lO'^M 24h)

between 1 MAS to 8 MAS. At the end of the storage period I4 (90.05 pSm"') and

untreated seeds (90.02 pSm"') registered low electrical conductivity next to I3. The

invigoration treatment ft (CaCL 50mM 12h), I4 (kinetin 10 ppm 24h) and untreated

seeds (I7) were on par with I3, unto 6 MAS. The results indicated that seed

deterioration was the least in seeds invigorated with kinetin 10 ppm for 12h. This

may be due to improved membrane repair in treated seeds as reported by Rudrapal

and Nakamura, (1988) in eggplant and radish. Similar report on the lower electrical

conductivity was also reported by Nawaz et al. (2013) in tomato.

4.1.3.10.3 Due to Interaction (S x I)

The treatment S2I3 (Refrigerated - Kinetin lOppm 12h) registered the least

EC throughout the storage period. The electrical conductivity of seed leachate in

S2I3 (Refngerated - Kinetin lOppm 12h) varied from 9.76 pSm"'(l MAS) to 51.60

^  pSm' (10 MAS). S2I3 was on par with S2I1 (1 MAS to 7 MAS) and S2I2 (1 MAS to

6 MAS), SaU (2 MAS to 4 MAS) and with S2I4 between 1 MAS to 8 MAS except

at 5 MAS.
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Fig 5. Influence of Storage condition on electrical conductivity (jaSm'') in ash gourd

Fig 6. Influence of invigoration treatment on electrical conductivity (fiSm'^) in ash
gourd
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Similar reports of low EC in invigorated seeds has been reported by Camila et al.

(2017) in beans and Arun et al. (2017) in cowpea. They attributed the reduced

^  electrolyte leakage in invigorated seeds to enhanced repair mechanism following
invigoration treatments.

4.1.3.11. Leakage of amino acid (pg leucine eqiv.ml'^)

The results on leakage of amino acid (pg leucine eqiv.ml"') as influenced by

storage condition, invigoration treatment and their interaction during the storage

period are presented in tables 23 and 24.

4.1.3.11.1 Due to Storage condition (S)

The amount of amino acid in seed leachate increased with increase in

storage period irrespective of storage condition (Fig.7). The seeds stored under

ambient condition recorded the highest amount of amino acid in seed leachate over

the entire storage period compared to the seeds stored in cold condition. The

amount of amino acid leached from the seeds stored under ambient condition

varied from 7.14 pg leucine eqiv.mf' to 8.25 pg leucine eqiv.mf' while it varied

from 7.17 pg leucine eqiv.mf' to 8.42 pg leucine eqiv.ml"' in seeds stored under

cold storage.

The increase in the amount of amino acid leached from the seed is not a

desirable character as it is an indication of seed deterioration. Hence, it was evident

that storing seeds under refrigerated condition was more advantageous in checking

seed deterioration during storage.

The result is in conformation with the study of Ching and School (1968) in

clover and perennial rye grass. The increase in seed leachate and free amino acid

with an increase in temperature was observed in clover, however seed leachate and

^  amino acid was high irrespective of storage condition in rye grass. Similar report
on increased amino acid leakage was reported by Bhattacharya et al. (2015) in

soybean. The release of exudation such as sugars and amino acids directly affects

respiration and enzymatic activities and reduce the macromolecular synthesis.
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(Arun et ah, 2017). Increased respiratory activity and the advancement in

deterioration process results in the oxidation of amino acid which results in the

decrease in protein content of the seed (Manonmani et a/., 2013; Sun and Leopold,

-V 1995).

4.1.3.11.2 Due to Invigoration treatment (I)

As observed in case of electrical conductivity of seed leachate, the seeds

treated with Lj (kinetin 10 ppm 24h) recorded the low amount of amino acid

leakage over the period of storage. The treatments I4 (kinetin 10 ppm 24h) and I3

(kinetin 10 ppm 12h) were on par with each other between 1 MAS to 9 MAS, the

exception being at 5 MAS. The amount of amino acid leached from the seeds

treated with I4 (kinetin 10 ppm 24h) ranged from 7.17 pg leucine eqiv.mf' at 1

MAS to 8.10 pg leucine eqiv.mf' at 9 MAS. At the end of storage (10 MAS), I3

was on par with I4 and significantly superior to all other invigorated seeds as well

as untreated seeds indicating their usefulness during seed storage. As observed in

the present study, the reduced leakage of amino acid in invigorated seeds was also

reported by Battacharya et al. (2015) in soybean. Rajjou et al. (2012) reported that

the regulation of the synthesis and turnover of protein, post-translational

modifications and translational activity reduction at the time of germination in dry

seeds during storage resulted in the loss of seed vigour of stored seeds.

4.1.13.3 Due to Interaction (S x I)

In general, seeds stored under refrigerated conditions registered lower

leakage of amino acid compared to those stored under ambient storage. The

treatment S2I3 (Refiigerated - Kinetin lOppm 12h) and S2L (Refrigerated - Kinetin

lOppm 24h) registered low leakage of amino acid in seed leachate throughout the

storage period. S2I4 recorded the least value for amino acid leakage at the end of

storage and was also significantly superior to all other treatments. The amount of

leakage of amino acid in S2I4 ranged from 7.15 pg leucine eqiv.mf' (1 MAS) to

8.05 pg leucine eqiv.mf' (9 MAS). These treatments had also registered a low EC
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of seed leachate. The results indicated the existence of a direct correlation between

leakage of amino acid in seed leachate and EC of seed leachate.

4.1.14 Lipid peroxidation (OD)

The results on lipid peroxidation (OD) as influenced by storage condition,

invigoration treatment and their interaction effects during the storage period are

presented in Tables 27 and 28.

4.1.14.1 Due to Storage condition (S)

Lipid peroxidation increased with increase in storage period irrespective of

invigoration treatment. Throughout the storage period the seeds stored under the

cold condition exhibited a low rate of lipid peroxidation ranging from an OD value

of 0.038 to 0.921, while the seeds under ambient condition recorded a highest value

of 0.44 to 2.22 irrespective of the invigoration treatment (Fig.8). Hence, it was

evident that storing seeds under refrigerated condition was more advantageous in

checking lipid peroxidation diuing storage. This is in confirmation with the

findings of Sharma et al. (2006) in soybean. It was found that the lipid peroxidation

which is expressed as malondialdehyde (MDA) content increased in the seeds

stored either at ambient condition or in refrigerated conditions up to 180 days of

storage. The rise in MDA was rapid in seeds stored at ambient conditions than in

seeds stored in refrigerated condition (Sharma et al., 2006).

According to Sathiyamoorthy and Nakamura (1995) degradation of lipids

in deteriorating seeds releases free fatty acids which initiates oxidative

deterioration processes by providing substrate for lipoxygenase. Membranes are

primary targets of free radical attack and the study revealed that low-vigor embryos

contained significantly higher levels of free radicals than high-vigor ones, while

embryos from medium-vigor lots showed intermediate values.
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4.1.14.2 Due to Invigoration treatment (I)

Irrespective of the storage condition the treatment Ii (CaCli 50mM 12h)

showed the least rate of lipid peroxidation throughout the storage (0.17 at 1 MAS

to 1.14 at 9 MAS). The treatments I2 (CaCl2 50mM 24h) and I3 (kinetin 10 ppm

12h) was found to be on par with h (CaCl2 50mM 12h) at 3 MAS, 5 MAS and 7

MAS. Untreated seeds (I7) exhibited a higher rate.

Similar results on the reduced lipid peroxidation rate in invigorated seeds

were reported by Rudrapal and Basu (1981) in mustard, Vasantha (1995) in

COPHl hybrid pigeon pea, Hsu et al. (2003) in bitter gourd , Layek et al. (2012) in

urd bean and Siri et al. (2013) in sweet pepper. According to Chauhan et al. (1984),

leaching of toxic metabolites, germination advancement, antipathogenic impact,

repair of biochemical lesions, quenching and counter activity of free radicals and

prevention of lipid peroxidation could be the probable reasons for the reduced rate

of deterioration of invigorated seeds during storage.

4.1.14.3 Due to Interaction (S x I)

In general, the seeds stored under refrigerated conditions registered lower

rate of lipid peroxidation compared to those stored under ambient storage. The

seeds invigorated with S2I1 (Refrigerated - CaCb 50mM 12h) and S2I2

(Refrigerated - CaCl2 SOmM 24h) registered low levels of lipid peroxidation

throughout storage and were on par with each other.

The invigorated seeds under refrigeration except S2I4 (Refrigerated-

Kinetin lOppm 24h), S2I5 (Refrigerated - KH2PO4 lO'^M 24h) and S2I6

(Refngerated - /y 1x10^ cfu.mf' 12h) and were on par with each other with respect

to lipid peroxidation throughout storage. However, lipid peroxidation in the

untreated seeds was on par with these treatments only at 9 MAS. This indicated

that invigoration the seeds before refrigeration was beneficial to reduce the rate of

seed deterioration. Siri et al. (2013) reported that the antioxidant mechanism is

activated by invigoration and these reduces the lipid peroxidation in seeds. Hsu et al.

(2002) stated that in order to maintain high viability during long-term storage, the

seeds receiving these pre-sowing treatments should be stored under favorable
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conditions. Krainart et al. (2015) attributed the reduction in total peroxide and

malondialdehyde (a product of lipid oxidation and peroxidation) in cucumber to the

effect of invigoration treatments.

4.1.3.13 Leakage of sugar (pg glucose eqiv.ml"*)

The results on leakage of sugar (pg glucose eqiv.ml"') as influenced by

storage condition, invigoration treatment and their interaction effects during the

storage period are presented in Table 12.

4.1.3.13.1 Due to Storage condition (S)

Leakage of sugar increased with increase in storage period irrespective of

invigoration treatment. The findings of Axun et al. (2017) in cowpea proved that

the total soluble sugars and protein in seed leachate was lower in fresh seeds

(157.56 and 141.04 pgmf' of seed leachate, respectively) and it was higher (253.5

and 253.2 pgmf' of seed leachate, respectively) in low vigour accelerated aged

seeds.

Throughout the storage period, the seeds stored under the cold condition

exhibited the least leakage of sugar ranging from 1.04 pg glucose eqiv.ml"^ at 1

MAS to 1.68 pg glucose eqiv.mf' at 10 MAS, while the seeds under ambient

condition recorded a higher value of 1.11 pg glucose eqiv.mf' to 2.66 pg glucose

eqiv.mf' respectively at the start and end of storage period. Hence, it was evident

that storing seeds under refrigerated condition was more advantageous in checking

leakage of sugar during storage.

Similar to the findings of the present study, Hussain et al. (2015) reported an

increase in seed leachate with an increase in storage temperature which was

attributed to high deterioration rate of seed reserves during storage at high

temperature.

According to Rajasree and Jirali (2017), an increase in temperature leads to

high rate of lipid peroxidation and other biochemical changes in the seed under

storage resulting in high seed leachate and ultimately the loss of seed quality

parameters. This is in agreement with the findings of the present study.
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4.1.3.13.2 Due to Invigoration treatment (I)

Irrespective of storage condition, seed treatment with Ii (CaCb 50mM

12h.), I2 (CaCl2 50mM 24h.) and I3 (kinetin 10 ppm 12h) registered low leakage of

sugar. These were on par with each other at 9 MAS and also during most of the

storage period. The untreated seeds registered significantly higher leakage of sugar

throughout the storage period, indicating the beneficial effect of seed invigoration.

The reduced amount of sugar leachate in invigorated seeds was also reported by

Bhattacharya et al. (2015) in soybean.

4.1.3.13.3Due to Interaction (S x I)

In general, seeds stored under refrigerated conditions registered lower

leakage of sugars compared to those stored under ambient storage. At 8 MAS and 9

MAS, treatment S2I3 (Refrigerated - kinetin 10 ppm 12h) recorded the least leakage

of sugars (1.30 and 1.34 pg glucose eqiv.mf'of sugar leached from seed

respectively) followed by the treatment S2I1 (1.58 pg glucose eqiv.mf'). This

^  indicated that invigoration the seeds with kinetin 10 ppm for 12h and CaC^ 50mM

for 12h (S2I1) before refrigeration was beneficial to reduce the amount of sugar

leached from the seed.

The refrigerated storage of seeds irrespective of invigoration treatment has

been proven to be best in controlling the seed microflora over a long period of

storage. Hewett (1987) reported that the pathogen retained their viability for

fourteen years in seed stored under deep freeze condition (-20°C). The increase in

seed infection over storage was also reported by Saxena and Karan (1991) in

sesame and sunflower seeds and Kavitha (2007) in chilli, Shobha (2016) in ash

gourd and Navya (2016) in chilli.
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Fig 7. Impact of storage environment on leakage of amino acid (pg leucine eqiv.ml *) in
ash gourd

Fig 8. Influence of Storage condition on lipid peroxidation (OD) in ash gourd
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4.1.3.14 Seed microflora (%)

The results on Seed micro flora (%) as influenced by storage condition,

invigoration treatment and their interaction effects during the storage period are

presented in Tables 31 and 32.

4.1.3.14.1 Due to Storage condition (S)

The per cent infection on the seed increased with increase in storage

period irrespective of invigoration treatment. The per cent infection on the seed at

the end of the storage (10 MAS) was high in seeds stored under ambient condition

(41.43%) compared to the seeds under refrigerated storage (26.67 %) irrespective

of the invigoration treatment (Fig.9). This is in accordance with the study of

Bhattacharya and Subrata (2002). They reported a high incidence of Aspergillus

sp in seeds of maize and groundnut stored under ambient condition.

The decreased incidence of seed microflora in cold condition (Plate 3 and

4) as reported in the present study is inconformity with the findings of Malaker et

al. (2008) in wheat. They reported highest population of storage fungi in seeds

stored in ambient condition unlike in those under refiigerated storage. The low

temperature (10° C) and unavailability of external moisture might have been the

possible reason for the reduced activity of fungus.

The reduced microbial activity in seeds stored under refrigerated storage

is in agreement with the results of Sumner and Lee (2009). They stated that the

development of the fungus usually stops when temperatures are below 65°F, and

the moisture of the maize is below 12 per cent. Similar report on the high per cent

of Aspergillus sp (Plate 5) in seeds stored in ambient storage condition as a result

of a combination of heat and high humidity was also reported by Hell et al.

(2010).

4.1.3.14.2 Due to Invigoration treatment (I)

The untreated seeds and seeds treated with KH2PO4 10"' M for 24h (I5)

recorded significantly high infection throughout the storage period. Seeds

invigorated with CaCb 50mM 12h (fr), CaCL 50mM 24h (I2) and Pf 1x10®

95
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cfii.ml"^ for 12h (le) registered significantly less infection than the above

treatments (Fig. 10). Treatment I5 (KH2PO4 IC' M 24h) recorded the highest seed

microflora infection towards the end of storage period (9 MAS). The seed

microflora infection in imtreated seeds treatments (I7), and seeds treated with

kinetin 10 ppm for 12h (I3) and kinetin 10 ppm for 24h (I4) were on par with I5.

4.1.3.14.3 Due to Interaction (S x I)

The treatment S1I5 (Ambient - KH2PO4 IO 'M 24h) registered significantly

high per cent of seed infection over the storage period (10 % at 1 MAS to 96.7 %

at 9 MAS) although untreated seeds (13.33%) under refrigeration had recorded

high microbial infection at 1 MAS.

In general, seeds under ambient and refrigerated conditions treated with

CaCh 50mM for 12h under ambient storage (Sili), as well as seeds treated with Pf

1x10^ cfu.ml"' for 12h (Silg) and CaCh 50mM for 24h under refrigeration (S2I2)

and registered lower microflora infection compared to all other treatments

including untreated seeds. As in the present study, the reduced rate of microflora

infection in bio-primed seeds was also reported by Alemu and Alemu (2013) in

faba bean. They observed that faba bean seeds bio-primed with isolates of P.

fluorescens 9 {Pf9) and P. fluorescens 10 (//10) resulted in an inhibitory effects

to the pathogen.
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Fig 9. Influence of Storage condition on seed microflora (%) in ash gourd

(months)

7^ Fig 10. Influence of invigoration treatment on seed microflora (%) in ash gourd
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Plate 2. Seed microflora infection of seeds under ambient storage at 9 MAS

T4 R1

CONTR.0L

Plate 3. Seed microflora infection of seeds under refrigerated storage at 9 MAS



Aspergillus sp

Plate 4. Seed microflora found on seeds of ash gourd during storage
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To summarise, it was clearly evident that refrigerated storage (Sj) of seedV^7^«.>^<'3^-

conferred a clear advantage over ambient storage (S2). The germination in SI was

retained above MSGS of 60 per cent up to 5 MAS whereas in S2 it was retained

above MSGS for 13 MAS. Refrigerated storage not only prolonged seed longevity

but also reduced the mean germination time and time to 50 per cent germination as

the storage time increased. Seeds stored under refrigeration exhibited higher energy

of germination, germination index, coefficient of velocity, vigour index I and 11 and

allometric index as storage duration prolonged. Low electrical conductivity of seed

leachate, leakage of amino acid, lipid peroxidation, leakage of sugars in seed

leachate and seed microflora was evident in seeds stored under refrigeration.

Gonsidering the impact of storage environment on seed quality discussed above, it

can be concluded that refngerated storage is the best to prolong seed longevity as

well as maintain seed quality.

Seed invigoration induced early germination. Irrespective of the storage

condition, the invigorated seeds exhibited significantly higher germination than the

untreated control up to 5 MAS. Seeds invigorated with GaGb 50mM forl2h (Ii)

and GaGli 50mM for 24h (I2) not only registered high germination throughout the

storage period but also exhibited higher magnitude of energy of germination,

germination index, coefficient of velocity, vigour index l and II and allometric

index. In addition, the mean germination time, time to 50 per cent germination,

electrical conductivity of seed leachate, leakage of amino acid, lipid peroxidation,

leakage of sugars in seed leachate and seed microflora were also invariably low in

these treatments throughout the storage period unlike in untreated seeds. Thus,

although the untreated seeds retained viability for 9 MAS against 8 MAS in seeds

invigorated with GaGb 50mM for 12h (h) and CaCh 50mM for 24h (I2) treated

seeds, owing to the significant superiority of seeds invigorated with fr and I2 with

respect to germination in the initial storage period (4 MAS) coupled with higher

magnitude of seed quality, invigoration with GaGl2 50mM can be advocated.

Focussing on the interaction between storage condition and invigoration

treatment on germination and other seed indices, it can be concluded that, seed
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invigoration followed by refrigerated storage is advantageous. If only ambient

storage condition is feasible, it would be advantageous to invigorate the seeds with

CaCla 50mM for 12h (Sili) as viability above MSGS was found to be retained for 8

MAS compared to untreated seeds (7 MAS). If provision for refrigerated storage is

available, bio-priming with Pf 1x10"^ cfu.mf' for 12h (S2I6) followed by

invigoration with CaCl2 50mM for 24h (S2I2), Kinetin 10 ppm for 12h (S2I3),

Kinetin 10 ppm for 24h (S2I4) and KH2PO4 10"' M for 24h (S2I5) would be most

advantageous. These treatments helped retain viability above MSGS for 13 MAS

while it was retained for 12 MAS on invigoration with GaGb 50mM for 12h (Ij).

However, considering the high germination per cent, energy of germination,

germination index, coefficient of velocity, vigour index I and II and allometric

index and lower mean germination time, time to 50 per cent germination, electrical

conductivity of seed leachate, leakage of amino acid, lipid peroxidation, leakage of

sugars in seed leachate and seed microflora throughout the storage period seed

invigoration with either GaGb SOmM for 12h (Ii) or GaGl2 SOmM for 24h (I2)

would be most advantageous for storage of ash gourd seeds both under ambient

and refrigerated storage.

4.2 Impact of thawing on seed viability

4.2.1 Analysis of variance

Results indicated existence of wide variability in the impact of storage

conditions, invigoration and their interaction on seed viability when the seed stored

under refrigerated condition undergoes thawing.

4.2.2 Germination (%)

The results on germination (%) as influenced by storage condition, invigoration

treatment and their interaction effects during the period of thawing are presented in

Table 14 and Plate 6.

-tr

4.2.2.1 Due to thawing period (Th)

Irrespective of the invigoration treatment, the seeds taken out of the

refrigerated condition after a short storage period i.e., in the initial period of cold
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storage (1 MAS and 2 MAS), was subjected to thawing, exhibited an increase in

germination after 1 to 2 months of thawing (Thi and Tha). Germination of seeds

stored under refrigeration (S2) at 1 MAS and 2 MAS was 70.12 per cent and 74.11

per cent respectively. The germination of the same lot at Thi, Th2 and Ths was

87.11 per cent, 78.65 per cent and 64.51 respectively. In case of seeds retrieved

after 2 MAS under cold storage, the germination at Thi, Th2 and Ths was 78.65 per

cent, 68.26 per cent and 50.64 per cent respectively, while its initial germination

immediately after retrival ffomcold storage (i.e, at 2 MAS) was 74.11 per cent.

However, as the seeds under refrigeration aged (i.e., from 3 MAS to 10

MAS), germination decreased irrespective of the period of thawing. Germination of

seeds stored under refrigeration (S2) at 3 MAS and 10 MAS was 77.52 per cent and

75.79 per cent respectively while the corresponding value at Thj was 65.87 per cent

and 69.90 per cent respectively.

When subjected to thawing, no seed retrieved from the refrigerated storage

except in case of those retrived at 1 MAS, 4 MAS and 7 MAS retained viability

above MSGS at Ths. The corresponding germination of the lots at Tha was 64.51

per cent (1 MAS), 71.35 per cent (2 MAS) and 70.24 (3 MAS) per cent

respectively. The longevity of seeds on thawing with respect to seeds retrieved

from cold storage at 5 MAS and 10 MAS was the least i.e., for Thi only (69.06%

and 69.90% respectively). In all other instances i.e., at 2 MAS, 3 MAS, 6 MAS, 8

MAS and 9 MAS seed viability was retained above MSGS for two months.

Gonsidering the above, it was evident that the seeds retrieved from

refrigerated storage up to 10 MAS would retain viability above MSGS for a

minimum period of one month. Further retention of viability above a period of one

month of thawing was subjective. The retention of seed longevity varied in both

invigorated and untreated seeds when exposed to further thawing. The variation in

T  ambient storage environment that prevailed during the period of thawing may have

influenced the seed viability during the thawing period.

It was also evident that none of the treatments could help retain seed

viability for five months after retrieval from refrigeration. The increased velocity of
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some enzyme and hydraulic reactions, which accelerates the deterioration process

was well pronounced at high temperature (Oskouei, B. and Sheidaie, S., 2013).

According to Agha et al. (2004) the increased temperature caused increase in

respiration thus affecting seed vigour. Increase in lipid peroxidation in stored seed

enhanced the seed deterioration. According to Lirabird (2017), a reduced viability

was exhibited by the seeds of the exotic Euonymus during a freeze following a

warm spell. The swelling and seed coat splitting exposing the embryo in these

thawed seeds. Sharma et al. (2006) observed decreased activities of catalase and

peroxidase was observed in soybean, seeds stored in refrigerated condition. They

observed rapid deterioration due to high lipid peroxidation in seeds under ambient

condition.

The reduced viability of seeds imder increasing temperature was also

reported by Buitink et al. (2000). It was reported that high viscosity and low

molecular mobility of the cytoplasm of the seeds stored under refrigerated

condition could prevent or inhibit many deleterious processes while at increasing

temperature, the low viscosity and enhanced molecular mobility would permit

certain deteriorative reactions to proceed rapidly resulting in the reduced longevity

of seeds under high temperature storage.

4.2.2.2 Due to Invigoration treatment (I)

Irrespective of the thawing period and the duration of storage under

refrigeration, germination in seeds invigorated with h (CaCb 50mM I2h) was

found to be on par with that of untreated seeds (Plate 6) except at 9 MAS. The

seeds invigorated with CaCl2 50mM for I2h (fr) and retrieved from cold storage at

9 MAS recorded significantly higher germination (74.69%) compared to untreated

seeds (64.61%). Although the germination of both invigorated and untreated seeds

did not show consistency in retention of viability above MSGS after the period of

cold storage, it was observed that irrespective of period of thawing when seeds

were retrieved from refrigerated storage at monthly intervals (upto 10 MAS), the

germination in seeds treated with CaC^ 50mM for 12h was retained above MSGS

for eight out of 10 months in comparison with untreated seeds that retained

viability above MSGS for seven out of 10 months only (Fig. 11). Hence, it can be

104



concluded that invigoration with CaCb 50mM for 12h (Ii) is beneficial in instances

when it is anticipated that seeds stored under refrigeration needs to be retrieved and

stored under ambient storage before sowing.

According to Tabrizian and Osareh (2007) the essential role of calcium in

cell division, membrane functions, the activation of protein kinases and

calmodulin-mediated processes might be the reason for enhanced germination and

emergence in marigold seeds treated with CaCla. Similar results on the positive

effect of on cell membranes and thereby decreasing the leakage of solute in

CaCl2 treated seeds than other invigoration treatments was proved by Shannon and

Francois (1977) in cotton.

4.2.2.3 Due to Interaction (Th x I)

As observed earlier, the germination of both invigorated and untreated

seeds retrieved from cold storage one month of storage (1 MAS) under

refrigeration increased after one month of thawing (Thi). One month after retrieval

from refrigerated storage (Thi) the germination per cent in seeds invigorated with

Ii (CaCb 50mM 12h), I2 (CaCb 50mM 24h), I5 (KH2PO4 lO ' M 24h) and U {Pf

1x10^ cfti.mr' 12h), was 95.00 (Th,I,), 92.23 (Thil2), 94.90 (Thilj), 96.67 (Thilg)
respectively. Similarly, two months after retrieval from refngerated storage (Th2),

the germination per cent in seeds invigorated with ft (CaCft 50mM 12h), ft

(KH2PO4 10"' M 24h) and ft {Pf 1x10^ cfu.ml"' 12h), was 92.20% (Th2ft),89.43

(Th2ft), 90.00 (Th2ft) and 93.00 (Th2l7) respectively. The germination in the above

instances was high and significantly superior to all treatments exposed to thawing

during the corresponding period. The germination of the seeds retrieved 1 MAS

was retained above MSGS even after three months of thawing (Ths) when

invigorated with CaCft SOmM for 12h (Thsft: 63.37%), CaCft 50mM for 24h

(Thsft: 64.33%), Kinetin 10 ppm for 12 h (Thsft: 72.23%), KH2PO4 10"' M for 24h

(Ths ft: 60.53%), Pf 1x106 cfu.ml-1 for 12 h (Thsft: 65.00%) as well as in

untreated seeds (Thsft: 81.10%).

It was observed that when the seeds were retrieved from refngeration at

varying intervals {i.e., 1 to 10 MAS) and subjected to thawing for a period of one
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month (Thi), the seeds invigorated with CaCb 50mM for 12h (Thili), CaCl2 50mM

24h (Thit), /y 1 X 10"® cfu.mr' for 12h (Thilg) and untreated seeds (Thjl?), had

retained viability above MSGS.

When retrieved from refrigeration at varying intervals (i.e., 1 to 10 MAS),

and subjected to thawing under ambient storage for a period of two months (i.e., at

Th2), the seeds invigorated with CaCb 50mM for 12h (Th2li) had retained viability

above MSGS throughout except when retrieved at 2 MAS. At Th2, in seeds

invigorated with GaGl2 50mM for 24h (Th2l2), the germination fell below MSGS

when retrived from refrigeration at 5 MAS. However, in case of seeds invigorated

with iy 1x10® cfu.ml"^ for 12h (Th2l6) and untreated seeds (Th2l7), germination fell

below MSGS when retrived from refrigeration at 5 MAS as well as 10 MAS.

After three months of ambient storage on retrieval from refrigeration (i.e.,

at Tha) the germination in seeds invigorated with GaGb 50mM for 12h (Thali) fell

below MSGS in seeds retrieved at 2 MAS, 5 MAS and 10 MAS. Unlike in Ii, in

seeds invigorated with GaGh 50mM for 24h (I2) germination fell below MSGS

when retrieved at 2 MAS, 5 MAS, 8 MAS and 10 MAS while in seeds invigorated

with /y 1x10® cfu.mf' for 12h (Ig), it fell below MSGS when the seeds were

retrieved at 2 MAS, 3 MAS, 4 MAS, 5 MAS, 9 MAS and 10 MAS. In untreated

seeds (I7) at Tha, germination fell below MSGS when retrieved at 2 MAS, 5MAS

and 10 MAS.

When exposed to thawing for a period of four months (Th4) i.e., four

months after retrieval from refrigeration, the seeds invigorated with GaGla 50mM

for 12h (Th4li) retained viability above MSGS only with respect to seeds retrieved

from cold storage at 4 MAS, 6 MAS and 8 MAS. In seeds invigorated with Pf

1x10® cfu.mf' for 12h (le), germination was above MSGS when retrievd from cold

storage at 4 MAS and 6 MAS while in untreated seeds (I7) it was retained above

MSGS when retrievd from cold storage at 1 MAS, 4 MAS, 6 MAS and 8 MAS. It

was obbserved that when seeds where exposed to thawing for a period of five

months (Ths), both invigorated and untreated seeds did not retain viability above

MSGS.
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Plate 5. Effect of thawing on seedling growth of seeds retrieved at 1 MAS.



From the above, it can be concluded that when the seeds are retrieved after

a short period of refngerated storage (1 MAS), germination in both invigorated and

untreated seeds increased when exposed to thawing up to a period of one month

(Thi) and thereafter declined during thawing with each passing month of cold

storage.

Irrespective of the storage period under refrigeration (1 MAS to 10 MAS),

it would be advisable to use the untreated seeds or seeds invigorated with CaCl2

50mM for 12h (Ii) or CaC12 50mM for 24h (I2) or P/lxlO"® cfu.ml"' for 12h (Ig)

within one month of retrieval after refrigeration. Viability retention of invigorated

and untreated seeds during further periods of thawing is unpredictable.

However, if prolonged periods (>1 month) of ambient storage after retrieval

from cold storage is unavoidable, invigoration with CaCb 50mM for 12h (Ii) or

CaCl2 50mM for 24h (I2) would be advisable.

Considering the impact of storage environment, invigoration treatment and

their interaction on seed viability and quality as well as their influence on seed

quality during thawing, it can be summarised that invigoration seeds with CaC^

50mM for 12h (fr) or 24h (I2) would be most advantageous to obtain good

germination and crop stand. According to Farooq et al. (2006), the positive impact

of the CaCl2 on germination and other seed characters is due to the advantage of

Ca^^ ions in improving cell water status, essential role as cofactors in the activities

of numerous enzymes which are active during reserve mobilization and radical

protrusion. Seed invigoration with calcium chloride resulted in the effective control

of peroxidation and free radical damage either by stabilizing the cellular membrane

or by converting the free radicals into non-harmful products had led to an increased

germination and seedling vigour (Prabhu et al., 2006).

113



Summary



6. SUMMARY

A study on the impact of seed invigoration on viability and quality

of seeds in ash gourd variety KAU Local was conducted at College of

Horticulture, Vellanikkara, Thrissur, during 2016-2018. The study was

conducted to elucidate the effect of seed invigoration on viability of seeds stored

under refrigerated condition and to analyse the impact of thawing on seed

longevity in ash gourd. The results obtained are summarized below.

I. Seed quality and longevity of ash gourd variety KAU Local as influenced

by storage condition

1. Seed quality during storage and seed longevity were foimd to be significantly

influenced by storage environment throughout the storage period.

2. Irrespective of the invigoration treatments, it was found that germination in all

the invigorated seeds had reached above the minimum standards for seed

certification (MSGS) while the germination in untreated seeds was only 21.10

per cent. At the start of the experiment, owing to seed invigoration, the per

cent increase in germination varied fi-om 197 per cent (kinetin 10 ppm for 12h)

to 221 per cent (kinetin 10 ppm for 24h) in comparison to the untreated

control.

3. Germination of seeds stored under the refngerated storage was lower than that

under ambient storage during the initial storage period of storage (up to 3

MAS). Henceforth, refrigerated seeds exhibited significant superior

germination than that under ambient storage till the end of storage period (14

MAS).

4. Germination above MSGS was retained for 13 MAS in seeds under

refrigerated storage compared to only 5 MAS in ambient stored seeds.
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5. Apart from germination, seeds stored under refrigeration were significantly

superior to that under ambient storage with respect to seed quality parameters

viz, germination index, coefficient of velocity of germination, energy of

germination and vigour indices I and 11.

6. The mean germination time, time taken for 50 per cent germination, electrical

conductivity, lipid peroxidation, leakage of sugar and amino acid and infection

by seed micro flora in the refrigerated seeds were significantly lower than that

of ambient stored seeds at the end of storage.

7. The present study thus revealed that irrespective of seed invigoration

treatments, to prolong seed longevity and maintain seed quality, storing seeds

dried to seven per cent moisture content in 700 gauge polyethylene bags, under

refiigeration is advantageous over ambient storage.

^  II. Seed quality and longevity of ash gourd variety KAU Local as influenced

by invigoration treatment

1. The seed quality parameters of the invigorated seeds before storage were found

to be superior to untreated seeds.

2. Seed quality and longevity during storage were found to be significantly

influenced by invigoration treatment throughout the storage period

3. Irrespective of the invigoration treatment, germination and other seed quality

parameters such as germination index, coefficient of velocity of germination,

energy of germination, vigour indices I and II, in both treated and untreated

seeds decreased progressively over the storage period.

jit

4. There was an increase in mean time to germination, time taken for 50 per cent

germination, allometric index, electrical conductivity of seed leachate, seed
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infection per cent, leachate of sugar, amino acid and lipid peroxidation,
towards the end of storage period.

5. Invigoration induced early germination. Unlike the invigorated seeds which

exhibited a germination per cent above 80 at 1 MAS, the germination of the
untreated control (I7) was below the MSGS at 1 MAS and gradually reached a
maximum of 84.43 per cent at 5 MAS. At 1 MAS, the increase in germination
of treated seeds varied between 43 per cent (KH2PO4 10"' M for 24h) to 59 per
cent (CaCh 50 mM for 12h) over untreated seeds.

6. Untreated (I7) seeds retained viability above MSGS up to 9 MAS while the
seeds invigorated with GaGb 50mM (for 12h or 24h) retained viability for 8
MAS. Seeds invigorated with kinetin 10 ppm (for 12h or 24h) retained
viability above MSGS for 6 MAS while it was 7 MAS each for seeds

invigorated with /y 1x10^ cfu.mf' for 12h and KH2PO4 IO 'M for 24h.

7. Seeds invigorated with GaGl2 50mM forl2h (Ii) and GaG12 50mM for 24h (I2)
not only registered high germination throughout the storage period but also
exhibited higher magnitude of energy of germination, germination index,
coefficient of velocity, vigour index I and II and allometric index. In addition,

the mean germination time, time to 50 per cent germination, electrical
conductivity of seed leachate, leakage of amino acid, lipid peroxidation, leakage
of sugars in seed leachate and seed microflora were also invariably low in these
treatments throughout the storage period imlike in untreated seeds.

8. Gonsidering the significant superiority of seeds invigorated with Ii (GaGl2
50mM 12h) and I2 (GaGl2 50mM 24h) with respect to germination during the
initial storage period (up to 4 MAS), retention of superior seed qualities during
storage as well as retention of viability above MSGS for a period of 8 MAS,
seed invigoration with GaGl2 50mM before storage can be advocated.
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III. Seed quality and longevity of ash gourd variety KAU Local as influenced

by interaction between storage condition and invigoration treatment

1. Results indicated existence of wide variability in the impact of interaction

between storage environment and invigoration treatment and on all the seed

indices during seed storage.

2. Based on the influence of interaction between storage condition and invigoration

treatment on germination and other seed indices, it can be concluded that, seed

invigoration followed by refrigerated storage is advantageous.

3. If only ambient storage condition is feasible, it would be advantageous to

invigorate the seeds with CaCh 50mM for 12h (Ii) since viability above MSGS

was retained for 8 MAS compared to 7 MAS in untreated seeds.

^  4. If provision for refrigerated storage is available, bio-priming with Pf 1x10"^
cfu.mf' for 12h (Sale) or invigoration with CaCla 50mM for 24h (la), Kinetin 10

ppm for 12h (I3), Kinetin 10 ppm for 24h (I4) and KHaP04 10"' M for 24h (I5)

would be most advantageous. These treatments helped retain viability above

MSGS for 13 MAS while it was retained for 12 MAS on invigoration with

GaGla 50mM for 12h (Ii).

5. However, considering the high germination per cent, energy of germination,

germination index, coefficient of velocity, vigour index I and II and allometric

index and lower mean germination time, time to 50 per cent germination,

electrical conductivity of seed leachate, leakage of amino acid, lipid

peroxidation, leakage of sugars in seed leachate and seed microflora throughout

^  the storage period seed invigoration with either GaGl2 50mM for 12h (Ii) or

GaGla 50mM for 24h (I2) would be most advantageous for storage of ash gourd

seeds both under ambient and refngerated storage.
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IV. Seed quality and longevity of ash gourd variety KAU Local as influenced

by thawing period and invigoration treatment

1. Results indicated that the storage environment, invigoration treatment and their

interaction significantly influenced seed viability when a seed stored under

refrigerated condition undergoes thawing.

2. Irrespective of the invigoration treatment, the seeds taken out after a short

storage period of storage under refrigeration {i.e., 1 MAS or 2 MAS), when

subjected to thawing, exhibited an increase in germination after 1 or 2 months of

thawing (Thi and Tha). However, as the seeds under refrigeration aged {i.e.,

from 3 MAS to 10 MAS), germination decreased irrespective of the period of

thawing.

3. Irrespective of the storage period under refrigeration {i.e., storage period varying

^  between 1 MAS and 10 MAS), the seeds were found to retain viability above
MSGS for a minimum period of one month after retrieval from refrigerated

storage. Viability retention of invigorated and untreated seeds during further

periods of thawing was unpredictable.

4. When retrieved from refrigeration at varying intervals {i.e., 1 to 10 MAS), and

subjected to thawing under ambient storage for two months {i.e., at Th2), the

seeds invigorated with CaCb 50mM for 12h (II) retained viability above MSGS

throughout, except at 2 MAS, unlike the untreated seeds (I7). Results thus

revealed that seed invigoration with GaGl2 50mM for 12h (Ii) is advantageous, if

one or two months of ambient storage after retrieval from cold storage is

unavoidable

5. Irrespective of the thawing period, germination in seeds invigorated with GaGb

50mM 12h (Ii) was found to be on par with untreated seeds, except at 9 MAS.

At 9 MAS the seeds invigorated with GaGl2 50mM 12h when retrieved from
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cold storage recorded significantly higher germination (74.69%) compared to

untreated seeds (64.61%).

6. It was observed that irrespective of the thawing period, when seeds were

retrieved from refrigerated storage at monthly intervals {i.e., 1 to 10 MAS), the

germination in seeds invigorated with CaCb 50mM 12h was retained above

MSGS throughout, except at 2 MAS and 3 MAS. In, the untreated seeds

however, the germination was fell below MSGS when retrieved from cold

storage at 2 MAS, 3 MAS and 5 MAS. Hence, it can be concluded that

invigoration with GaGb 50mM for 12h (Ii) is beneficial in instances when it is

anticipated that seeds stored under refrigeration needs to be retrieved and stored

under ambient storage before sowing.

7. None of the invigoration treatments helped retain seed viability for five months

after retrieval from refrigeration.

-A

8. Gonsidering the impact of storage environment, invigoration treatment and their

interaction on seed viability and quality as well as their influence on seed quality

on thawing, it can be summarised that invigoration seeds with GaGla 50mM for

12h (II) or 24h (12) would be most advantageous to realise good germination

and seed quality during storage.

9. The increase in cost of seed invigoration with calcium chloride amounts to

Rs.52.86 per kilogramme of seed. Hence, a 4.40 per cent escalation in the cost of

production of seeds invigorated with calcium chloride occurs over untreated

control. However, by incurring this increase in expenditure, the viability of the

seed can be extended over one month compared to the untreated contro
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ABSTRACT

TT A study to elucidate the effect of seed invigoration on viability and quality

of seeds in ash gourd variety KAU Local was conducted at College of

Horticulture, Vellanikkara, Thrissur, during 2016-2018. The impact of seed

invigoration on seed viability and seed quality parameters under ambient (Si) and

refrigerated storage (S2) was assessed following a completely randomized design

with seven invigoration treatments (L to I7) and three replications. Seeds were

separately invigorated using CaCk (50 m M) for 12h (L), CaCk (50 mM) for 24h

(I2), kinetin (10 ppm) for 12h (I3), kinetin (10 ppm) for 24h (I4), KH2PO4 (10"' M)

for 24h (I5), Pseudomonas fluorescens (1x10^ cfu-ml"') for 12h (k). Untreated

seeds (I7) served as control. Both treated and untreated seeds were dried to < 8 per

cent moisture content and packed in polythene bags (700 gauge). The seed quality

parameters were recorded immediately after treatment and subsequently at

monthly intervals for a period of 10 months, while, germination of stored seeds

was assessed up to 14 months after storage (MAS). At bimonthly intervals,

quantification of lipid peroxidation, sugar and amino acids leached out from the

seeds and the seed micro flora infection was also done.

Seed quality during storage and seed longevity were foimd to be

significantly influenced by storage environment, invigoration treatment and their

interaction throughout the storage period. The results revealed that germination

and other seed quality parameters such as germination index, coefficient of

velocity of germination, energy of germination, vigour indices I and II, in both

treated and untreated seeds decreased progressively over the storage period.

However, there was an increase in mean time to germination, time taken for 50

per cent germination, allometric index, electrical conductivity of seed leachate,

seed infection per cent, leachate of sugar, amino acid and lipid peroxidation,

towards the end of storage period.

Germination of seeds stored under the refngerated storage was lower than

that under ambient storage in the initial storage period (upto 3 MAS). Henceforth,

I
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refrigerated seeds exhibited significant superior germination than that under

ambient storage till the end of storage period (14 MAS). Germination of seeds

under refiigeration was retained above 60 per cent (the minimum seed

certification standards required for ash gourd) for 13 MAS compared to 5 MAS in

ambient stored seeds. The study thus revealed that irrespective of seed

invigoration treatments, to prolong seed longevity and maintain seed quality,

storing seeds under refrigeration is advantageous over ambient storage.

Irrespective of storage environment, priming induced early germination.

The seed quality parameters of the invigorated seeds before storage were found to

be superior to untreated seeds. The invigorated seeds had also exhibited a

germination per cent above 80 at 1 MAS, while, the germination in untreated

control (I7) during the corresponding period was below the MSGS. Seeds

invigoration with calcium chloride for 12h (f) and 24h (I2) recorded significantly

high germination and other seed quality parameters during the storage period of

ten months. Owing to the significant superiority of seeds invigorated with

^  (CaCl2 50mM 12h) and I2 (CaCh 50mM 24h) with respect to germination in the
initial period of storage (up to 4 MAS), superior seed qualities during storage as

well as retention of germination above MSGS for 8 MAS, seed invigoration with

GaGl2 50mM before storage can be advocated to help retain seed qualities and

prolonging seed longevity during storage.

The interaction between storage condition and invigoration treatment on

germination and other seed indices pointed out that it was most advantageous to

treat seeds with GaGl2 50mM for 12h (Ii) before storing under ambient conditions.

If provision for refi-igerated storage is available, bio-priming with Pf 1x10"^

cfu.mf^ for 12h (S2I6) or priming with CaClz 50mM for 24h (I2), kinetin 10 ppm

for 12h (I3) or kinetin 10 ppm for 24h (I4) or KH2PO4 10"' M for 24h (I5) would

^  be most advantageous.
Analysis of the impact of pre-storage seed invigoration treatment on seed

longevity subsequent to retrieval of seeds from refrigerated storage revealed that,

irrespective of the storage period under refrigeration, the seeds were found to

/7S
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retain viability above MSGS for a minimum period of one month after retrieval

from refrigerated storage. Viability retention of invigorated and untreated seeds

during further periods of thawing was unpredictable. It was also evident that none

of the treatments could help retain seed viability above MSGS for five months

after retrieval from refrigeration. Results also revealed that seed invigoration with

GaGb 50mM 12h (Ii) is advantageous, if one or two months of ambient storage

after retrieval from cold storage is unavoidable.

Hence, considering the impact of storage environment, invigoration

treatment and their interaction on seed longevity and quality, as well as their

influence on seed longevity during thawing, it can be summarised that seed

invigoration with GaGla 50mM for 12h (fr) or 24h (I2) would be beneficial.
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