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Major problem in agriculture is adequate seed storage due to difficulties in maintaining
seed viability and vigour. Fifty French bean genotypes were taken to study the
physiological basis of seed deterioration. The seeds were aged for 45 °C and 100% RH and
physiological parameters were recorded. Moisture content ranged from 9.697 % to 11.246
%. There was increase in moisture content across treatments. The speed of germination
differed significantly among the different treatments. The fresh seed lot recorded
significantly higher speed of germination. The values for control ranged from 24.21 to
74.46.The germination of French bean germplasm varied from 84% to 100%.There is a
decrease in root length from control to four days of accelerated ageing. The root length
ranged from 14.4 cm to 30.1 cm. The control seed recorded significantly higher root
length, shoot length and seedling length than the treatments with different accelerated
ageing conditions. There was decrease in shoot growth from two days accelerated ageing
to four days accelerated ageing Vigour index for the control seed lots ranged from 3139.20
to 7290.00. After 72 h of ageing, all the varieties registered a significant decrease in vigour
index I. After four days of accelerated ageing the seed vigour index I decreased drastically.

annual plant domesticated independently in
ancient Mesoamerica and the Andes and now
grown worldwide for its edible bean, both dry
and green bean. French bean production in
India and world has shown an increased trend
i.e3.63 million tonnes and 19 million tonnes
respectively (www.faostat.com). Most of
small and marginal farmers particularly young
and unemployed have involved in French bean
production and increase income from these
traditional crops (Ahlawat, 2008). The most
common issue in agriculture is seed storage, as

Introduction
French bean (Phaseolus vulgaris L.) is a
member Leguminosae family and native of
South America. It is domesticated in Mexico,
Peru and Colombia about 8000 years ago
(Schoonhoven and Voysest, 1991). It is widely
cultivated in tropics, sub tropics and temperate
regions. In India and most of the tropical Asia,
it is a major vegetable crop where indigenous
pulses are also preferred (Kay, 1979, Duke,
1981 and Adams, 1985). It is an herbaceous
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it is very difficult to maintain seed viability
and vigour, specially in regions with a high
humidity. In recent years, a rapid ageing
method where seeds are subjected to high
temperature and saturated humidity is a
important technique in determining the rate of
deterioration in seed storage.

ageing in French bean (Bhanuprkash et al.,
2005). Although seed ageing has been the
subject of research during the past few years,
conclusive information on relationship
between natural and accelerated ageing is rare
in literature.
Studies on seed ageing of vegetative crops
grown in India, particularly in French bean
haven’t been undertaken. Many physiological
process and interactions are linked to ageing,
including genetic and change in membrane
integrity cause changes in protein synthesis at
germination stage (Gidrol et al., 1990) and
leads to delayed germination and abnormal
growth. Keeping the above points in view, the
present study was undertaken to understand
the physiological basis of seed deterioration at
the Division of Plant Genetic Resources,
ICAR-Indian Agricultural Research Institute,
New Delhi.

The storage potential of cultivars varies within
a species and associated with seed coat colour.
Imbibition also leads to deacrease in seed
quality there by leading to decreased seed
quality in legumes (Matthews, 1980, Powell et
al., 1984).First, there is a increase in leakage
of solutes in seed cotyledons (Powell and
Matthews, 1977), further slowly leads to more
solute leakage and finally dead tissue
development. The increase in solute leakage
leads to increase in the electrical conductivity
of seed soak water (Matthews and Powell,
1981). Maintaining good quality of seeds is a
constant problem in agriculture (Ouzouline et
al., 2009). Hence there is a need to develop
reliable parameters for identification of seed
quality loss.

Materials and Methods
Seed source

The processes involved in seed ageing are
complex and mechanism are not fully
understood (McDonald, 1999). Several
mechanisms of seed ageing are known to exist
(Walters, 1998). No specific patterns were
observed in studies involving physiology of
seed deterioration (Cartelazzo et al., 2005,
Cakmak et al., 2010, Balesevic-Tubic et al.,
2011). Seed vigour is a indicator, which is
based on different aspects of performance of
the seed in the field (Perry, 1978; Perry, 1981)
and in storage (Hampton and Coolbear, 1990).

The study on deterioration was conducted with
the fifty genotypes of French bean. The
freshly harvested seeds of different French
bean genotypes were obtained from the
Regional Research Station, ICAR-National
Bureau of Plant Genetic Resources, Shimla.
Seeds without visible defects, insect damage
and malformation were selected.
Fresh seeds (untreated) were subjected to
artificial ageing as perISTA procedure for a
period of 4 days at 45°C + 100% RH. Samples
were collected at 2, 3, and 4 days interval for
seed quality studies.

Seed vigour is a important tool for identifying
the true potential of the seed (Powell, 1988;
Egli and Tekrony, 1995). Some investigators
have relied on seed ageing and membrane
integrity, in identifying the physiological
causes of vigour differences (Powell, 1988).
Seed priming can also alters the effects of

Moisture determination
Moisture was determined by the gravimetric
method (ISTA, 1993) at 130+/-5ºC in an oven
(High constant temperature oven method).
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Seed germination

Data analysis

The laboratory germination test was done as
per the ISTA (1993) rules using between
paper methods.

The data analysis was performed using
XLSTAT trial version and SPSS Software
Results and Discussion

Twenty five seeds in 10replications were
allowed to germinate at temperature of 25°C
up to 9 days. The germination counts were
recorded on 5th and 9th day and percent
germination was expressed on normal seedling
basis.

Effect of deterioration on seed quality
related to physiological parameters
Moisture content
Initial moisture content of the French bean
germplasm was done by gravimetric method
and results were expressed in percentage.
Minimum moisture was present in EC-500336
with a value of 9.697 % and maximum
moisture was present in JAWALA with a
value of 11.246 %. The average moisture
content was observed as 10.41 % with
standard error and standard deviation 0.049
and 0.353 respectively (Table 1).

Speed of germination
The germination speed index was calculated
by using the formula given by Czabator,
(1962).
Root length (cm)
From the standard germination test, ten
normal seedlings from each treatment in four
replications were randomly selected on the
day of final count.

The initial moisture content differed
significantly between the different accelerated
ageing treatments. The moisture content
among French bean genotypes varied
significantly under accelerated conditions. The
increase in moisture content was observed
during ageing. The minimum moisture content
was increased from 9.697 % in control to
12.219 % in four days accelerated ageing
conditions. The moisture content in two days
accelerated ageing ranged from 10.422 % to
16.655 %. There was also increase in moisture
content in three days accelerated ageing
condition from 11.008 % to 23.130 %. The
moisture content was greatly increased in four
days accelerated ageing conditions, which
ranged from 12.219 % to 44.474 %. The
average moisture content present in control,
two days, three days and four days accelerated
ageing was 10.40 %, 11.90 %, 13.41 % and
16.60 % respectively. Among the exotic
collection the highest moisture content was
10.67 % in EC-398563 and lower moisture

The length of root was measured from collar
region to tip of the primary root of the
seedling and expressed in centimeters.
Shoot length (cm)
From the standard germination test, ten
normal seedlings from each treatment in four
replications were randomly selected on the
day of final count. The length of shoot was
measured from collar region to the tip of shoot
of the seedling and expressed in centimetres.
Seedling Vigour Index-I
The vigour index I was determined by
multiplying the percentage germination and
total seedling length (Abdul Baki and
Anderson, 1982) Vigour index I = germination
percentage x (Root length + shoot length).
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content was 9.70 % in EC-500336. Among the
indigenous collections highest moisture
content was 11.03 % in IC-258365 and lowest
moisture content in 9.83 % in IC-448994. In
case of local check accessions moisture
content ranged from 10.07 % to 11.25 %.

treatment germination was drastically reduced
and even few accession dead. Few of the
germplasm were able to withstand the
treatment and were alive indicating good
storability of seeds.
ANOVA showed statistically significant
difference between the treatments at 0.05 level
of significance. Tukeys HSD was observed
between control and two days (p=0.027), three
days (p<0.001) and four days (p<0.001) of
accelerated ageing treatment.

Statistical analysis showed that there is
significant difference between the treatments
with p value < 0.001 at 0.01 level. Tukeys
HSD showed that, significant difference was
found between control and two days
(p=0.044), three days (p<0.001) and four days
(p<0.001) accelerated ageing treatments.
Significant difference was also found between
two days and control (p=0.044), three days
(p=0.042) and four days (p<0.001) accelerated
ageing treatment. Tukeys HSD was observed
between three days and control (p<0.001), two
days (p=0.042) and four days (p<0.001)
accelerated ageing treatment. Tukeys HSD
was also observed between four days and
control (p<0.001), two days (p<0.001), three
days (p<0.001) accelerated ageing treatment.

Effect of accelerated ageing on Speed of
germination in French bean genotypes
The
speed
of
germination
differed
significantly among the different treatments.
The fresh seed lot recorded significantly
higher speed of germination. The values for
control ranged from 24.21 to 74.46. However
the speed of germination did not differ
significantly for two days accelerated ageing
treatment, which almost similar i.e. the value
ranged from 22.25 to 72.50. The speed of
germination drastically reduced for three days
from 1.25 to 49.17 and on four days of
accelerated ageing the speed of germination
was minimum. Out of 50 French bean
germplasm, the genotypes showed all the three
types of storage behaviour.

Germination percentage
Initial germination test was done on paper
method. The germination of French bean
germplasm varied from 84 % to 100 %
germination. The average germination
percentage was found to be 98.88 % with
standard error 0.412 (Table 1).

ANOVA showed statistically significant
difference between the treatments at 0.05 level
of significance. Tukeys HSD was observed
between control and three days AA (p<0.001)
and four days (p<0.001) of accelerated ageing
treatment. Tukeys HSD was non-significant in
control and two days accelerated ageing
treatment

The initial germination per cent differed
significantly among the different treatments.
The fresh seed lot recorded significantly
higher germination per cent than the
treatments. There was decrease in germination
from control to second, third and four days of
accelerated ageing. On second day of
accelerated ageing minimum germination
recorded was 44 % while some of the
genotypes maintained good germination. On
third day of treatment few of accessions have
reduced germination percent. On fourth day of

In control minimum and maximum speed of
germination was found in IC-258365 and IC037138 respectively. On two days of
accelerated ageing minimum and maximum
speed of germination was found in IC-258365
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and IC-037138 respectively. However from
three days of accelerated ageing there was
reduction in speed of germination. Minimum
and maximum speed of germination was
found in IC-329154 and IC-262839
respectively. On fourth day of accelerated
ageing the maximum speed of germination
was found in IC-037138. Since many of the
accessions did not germinate on fourth day of
accelerated ageing indicating low storability
of French bean accessions. There is a large
reduction in speed of germination from control
to four days of accelerated ageing and even in
some accessions it was reduced to zero
indicating no germination.

and four days (p<0.001) of accelerated ageing
treatment. Tukeys HSD was observed between
two days and four days (p<0.001) of
accelerated ageing treatment. Tukeys HSD
was observed between three days and control
(p<0.001), and four days (p<0.001)
accelerated ageing treatment. Tukeys HSD
was observed between four days and control
(p<0.001), two days (p<0.001) and three days
(p<0.001) accelerated ageing treatment.
Effect of accelerated ageing on shoot length
in French bean genotypes
The final shoot length differed significantly
among the different treatments of accelerated
ageing. The fresh seed lot recorded
significantly higher shoot length than the
treatments with different accelerated ageing
conditions.

Effect of accelerated ageing on Root length
in French bean genotypes
There was significant difference between root
length in fresh and aged French bean
accessions. There is a decrease in root length
from control to four days of accelerated
ageing. In control the minimum root length
was 14.4 cm observed in IC-328372 and
maximum root length was 30.1 cm in IC415517, with a mean root length of 22.78 cm.
In two days accelerated ageing the minimum
root length was 13.6 cm observed in IC328372 and maximum root length was 25.5
cm observed in IC-415517, with a mean root
length of 19.98 cm. In three days accelerated
ageing the minimum root length was 11.571
cm observed in IC-328372 and maximum root
length was 22.8 cm in IC-415517, with a mean
root length of 18.393 cm. In four days
accelerated ageing the minimum root length
was 0 cm which means seeds did not
germinate and were dead and maximum root
length was 23 cm in IC-018149, with a mean
root length of 10.051cm (Table 1).

ANOVA showed statistically significant
difference between the treatments at 0.05 level
of significance. Tukeys HSD was observed
between control and three days AA (p<0.001)
and four days (p<0.001) of accelerated ageing
treatment. Tukeys HSD was observed between
two days and four days (p<0.001) of
accelerated ageing treatment. Tukeys HSD
was observed between three days and control
(p<0.001), and four days (p<0.001)
accelerated ageing treatment. Tukeys HSD
was observed between four days and control
(p<0.001), two days (p<0.001) and three days
(p<0.001) accelerated ageing treatment. The
shoot length was more in case of control than
treatment. The minimum shoot growth was
13.70 cm in IC-258365 and maximum shoot
growth was 50.50 cm in IC-043562. There
was decrease in shoot growth from two days
accelerated ageing to four days accelerated
ageing. The minimum shoot growth in two
days accelerated ageing was 13.00 cm in IC258365 and maximum shoot growth was
32.80 cm in EC-500250 with an average shoot
length of 23.00 cm.

ANOVA showed statistically significant
difference between the treatments at 0.05 level
of significance. Tukeys HSD was observed
between control and three days AA (p<0.001)
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Vigour index I

Shoot length (cm)

Root length

Germination (cm)

Rate of
Germination

Moisture content (%)

Table.1 Descriptive statistics of various physiological parameters in French bean germplasm
Min.

Max.

Mean

Std. Error

Control
Two Days
AA
Three Days
AA
Four Days
AA
Control
Two Days
AA
Three Days
AA
Four Days
AA
Control
Two Days
AA
Three days
AA

9.697
10.422

10.246
16.655

10.40
11.90

11.008

23.130

12.219

Four Days
AA
Control
Two Days
AA
Three Days
AA
Four Days
AA
Control
Two Days
AA
Three Days
AA
Four Days
AA
Control
Two Days
AA
Three Days
AA
Four Days
AA

Variance

0.0455
0.189

Std.
Deviation
.322
1.342

13.41

0.267

1.889

3.572

44.474

16.60

0.727

5.142

26.446

24.210
22.250

74.460
72.500

46.640
44.680

1.599
1.599

11.313
11.313

127.985
127.985

1.25

49.166

29.737

1.804

12.756

162.739

.00

39.67

11.0462

1.875

13.261

175.859

84
44

100
100

98.88
86.24

.413
2.146

2.918
15.176

8.516
230.325

5

98

65.97

3.664

25.911

671.361

0

88

29.99

4.687

33.140

1.098E3

14.400
13.600

30.100
25.500

22.278
19.980

.353
.2791

2.498
1.973

6.244
3.895

11.571

22.800

18.393

.299

2.114

4.471

.000

23.000

10.051

1.215

8.595

73.889

13.700
13.000

50.500
32.800

26.137
22.997

.928
.760

6.563
5.379

43.073
28.935

10.000

30.100

20.367

.713

5.048

25.484

.000

27.600

10.506

1.408

9.956

99.129

3139.20

7290.00

4783.19

112.06

784.471

1698.40

5030.00

3702.16

129.12

903.893

135.00

4351.00

2596.87

167.16

1170.17

.00

3701.25

914.71

160.80

1125.64

615395.68
1
817024.21
8
1369318.9
51
1267070.2
33
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The minimum shoot growth in three days
accelerated ageing was 10.00 cm in IC329154 and maximum shoot growth was
30.10 cm in EC-500336 with an average
shoot length of 20.37 cm. The maximum
shoot growth in four days accelerated ageing
was observed in EC-500336 with 27.60 cm
and average shoot length was 10.506 cm.
Since 22 accessions were dead because of
accelerated ageing, there was no root and
shoot growth (Table 1).

observed between control and two days AA
(p<0.043), three days AA (p<0.000) and four
days (p<0.001) of accelerated ageing
treatment. Tukeys HSD was observed
between two days and control (p=0.043) and
four days (p<0.001) of accelerated ageing
treatment. Tukeys HSD was observed
between three days and control (p<0.001) and
four days (p<0.001) accelerated ageing
treatment. Tukeys HSD was observed
between four days and control (p<0.001), two
days (p<0.001) and three days (p<0.001)
accelerated ageing treatment.

Effect of accelerated ageing on seedling
length in French bean genotypes

Effect of accelerated ageing on seedling
vigour index-I in French bean genotypes

The initial seedling length differed
significantly among the different treatments.
The fresh seed lot recorded higher seedling
length than the treatments with different
accelerated ageing conditions. In fresh seed
lot the minimum seedling growth was 32.70
cm observed in IC-258365 and maximum was
72.90 cm in IC-043562. The mean seedling
growth of control was 48.42 cm. In two days
accelerated ageing treatment the minimum
seedling growth was 31.70 cm in IC-258365
and maximum seedling growth was 56.65 cm
observed in IC-415517. The average seedling
growth was 42.98 cm. The minimum seedling
growth in three days accelerated ageing
treatment was 27.00 cm observed in IC329154, the maximum seedling growth was
50.80 cm observed in IC-415517. The
average seedling growth in three days
accelerated ageing condition was 38.76 cm.
The minimum seedling growth in four days
accelerated ageing treatment was 0.00 cm as
most of the germplasm were dead due to the
treatment, the maximum seedling growth was
44.90 cm observed in EC-500336. The
average seedling growth in four days
accelerated ageing condition was 20.56 cm.

There was significant difference between
seedlings in fresh and treated seeds under
different accelerated ageing condition. The
vigour index I is the product of per cent
germination and total seedling length. Vigour
index for the control seed lots ranged from
3139.20 to 7290.00. The maximum vigour
index was 5030.00 recorded in variety EC398536 and minimum vigour index was
1698.40 after two days accelerated ageing.
The maximum vigour index at three days
accelerated ageing was 4351.00 observed in
EC-500528 and minimum vigour index was
135.00 observed in IC-329154. After 72 h of
ageing, all the varieties registered a nonsignificant decrease in vigour index I. After
four days of accelerated ageing the seed
vigour index I decreased drastically, since
most of the accessions were dead because of
treatment. The maximum seed vigour index
after four days accelerated ageing was
3701.25 and observed in EC-500528. As the
ageing duration increased further, all the
accessions registered a significantly lower
vigour index I (Table 1).

ANOVA showed statistically significant
difference between the treatments at 0.05
level of significance. Tukeys HSD was

ANOVA showed statistically significant
difference between the treatments at 0.05
level of significance. Tukeys HSD was
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observed between control and two days AA
(p<0.001), three days AA (p<0.001) and four
days (p<0.001) of accelerated ageing
treatment. Seed ageing affected seed
germination, normal seedlings, root length,
shoot length, total seedling length, seedling
vigour indices, mean germination time, and
seedling growth rate. Although seeds in
control had no effect on germination, but
seeds aged for four days onwards (2, 3 and 4
DAA) showed significant decline in
germination when compared to control.
French bean seeds aged naturally for 6
months maintained viability as that of fresh
seeds (Pandey, 1989). Similarly, reduction in
germination speed, seedling length and
weight, seedling vigor indices were also
noticed in aged (2 DAA to 4 DAA) seeds.
Loss in onion seed viability and vigour related
parameters upon increasing accelerated
ageing duration from three to fifteen days was
reported and this might be due to cellular
damage under prolonged ageing leading to
failure germination (Bhanuprakash et al.,
2010). Similar observations in relation to
artificial ageing in various crops were noticed
by Mc Donald (1999)

our findings, decrease in number of normal
seedlings, decline in vigor indices like
germination rate, germination index, seedling
vigor index were also noticed due to seed
ageing. With increase in ageing from 2 to 4
days the number of normal seedlings was
reduced gradually. The speed of germination
was also increased because ageing increased
length of time to reach 50% germination. This
might be due to stronger inhibitory effects
during seed ageing (Sara and Elena. 2011).
Among the longevity parameters used to
study the ageing, the length of time required
for germination is the measure of the onset of
viability loss and could be a useful parameter.
Estimation of seedling vigour indices is an
important seed quality parameter as reported
by Abdul Baki (1980) in various crops. In our
investigation seed ageing affected seedling
vigor also. Due to accelerated ageing (2 DAA
on wards) progressive decline in seedling
vigor indices when compared to fresh seed lot
was noticed. This might be due to decrease in
total seedling length under ageing conditions.
Marked reductions in seedling weight were
also noticed due to ageing when compared to
unaged. When compared to unaged. Seed
ageing inhibits cell expansion more strongly
than cell division because of this root
elongation will be affected (Holmfridur et al.,
2009). Reductions in shoot fresh weight and
germination speed in French bean seeds
stored for one year and two year under
ambient conditions was reported by Pandey,
1989. Successful crop stand establishment
requires high quality seeds having full
germination potential with rapid and uniform
seedling emergence. Loss in seed quality that
occurs during all process, from maturation in
the field to storage, leads to seed
deterioration. Storage of French bean seeds
under ambient, hot and humid conditions is
very problematic since these conditions
deteriorate seed quality faster.

Loss of seed germinability following natural
ageing (or) accerlated ageing has been
attributed to a series of metabolic defects that
accumulate in embryonic and non-embryonic
structures (Osborne, 1983). Ageing in French
bean seeds induced membrane degradation,
protein denaturation, and destruction of
electron transport system of oxidative
phosphorylation (Pandey, 1989) Wilson and
Mc Donald (1986) observed a lipid
peroxidation during ageing and proposed a
model in relation to its effect on germination
with respect to lipid peroxidation during seed
ageing and its effect on seed germination.
Changes that are associated with membrane
permeability and its influence in seed
germination and viability was reported by
Veselova and Veselovsky (2002). Further in
68
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Accelerated aged seeds for a period of 2 days
(2DAA) maintained same vigour and viability
as that of fresh seeds. However increase in
ageing duration reduced the viability and
vigour progressively with increment in ageing
viz., 3 and 4 DAA. Further ageing beyond 2
DAA resulted in loss of seed viability
accompanied with loss of seed vigour, as seen
by the decreased % of vigorous seedlings with
increased ageing duration. As the vigour
decreased, the germination was delayed and
staggered. This in turn led to decrease in root
length, shoot length, seedling vigour index,
seedling weight, and seedling-vigour. Seeds
from
control
showed
higher
mean
germination time, higher germination
percentage, seedling vigour and vigour index
I. Some of the good storers identified are
BASPA, EC-100098, EC-398536, EC500250, EC-500275, EC-500336, EC-500522,
EC-500528, EC-500577, IC-037138, IC047655, IC-258365, IC-258395, IC-328372,
IC-361547, IC-398563, IC-415517.
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