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ABSTRACT Seed lonpevity and desiccation sensitivity at different targeted moisture cariten
seviigtd ‘ foomis | ied in thi i «ds were equilibrated to targeted rooistre
imbient storage conditions were studied in this experiment. Seeds were equilibrated to targy )
contents (10", 7.5

i i i ¢ ' ' ient temperature (f el
and scaled in plastic containers with parafilm, followed by storage under ambient temper

(=7

% and 5 % MC), by the use of silica gel (for drying) and glycerol (for hurmidificastion,
conditions). A sharp fall in all sced quality attributes (germination percent, seedling ls:n'y,th, secdling
at 10 % MC was noticed,
while viability was not adversely effected (even after 15 months of storage). But thcr(: wa'-,‘n() '%I’,»;['Hf)! r)’.f’
difference in germination percentage with respect to moisture regimes (7.5 % and 5 %), indicating the
fact that both are equally good. Other significant finding of this study was both senna and leskL'lexnzn.cfzr?
with stand low moisture content up to 5 %. The results of the study conducted in senna where %tnrablht}:
of acid scarified seed was compared with control (un-scarified) had shown that abnormal seedlings and
dead seeds percent increased significantly during observation period (3, 6,9, 12 and 15 m()nths):Thvc
experiment clearly established the fact that it is a futile exercise to store scarified seed in senna. This
study also confirmed the orthodox seed storage behaviour of the two medicinal plants (Senna and
Muskdana) and the capability of seeds to withstand ultra dry storage conditions.
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dry weight and vigour indices) in the other seed moisture regimes (7.5 and 5 7
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and muskdana

The importance of seed storage has been
recognized ever since humans began to
domesticate plants. The duration of successful
storage depends upon both the objectives and
the species concerned. Seed longevity varies
greatly among species. It may also vary
among accessions within a species because of
differences in genotype and provenance. Not
all species of seeds respond to the
environment before and during storage in the
same way. There are three main categories of
seed storage behaviour. Two categories of
seed storage behaviour have been defined [1-
3], orthodox and recalcitrant, the recent
introduction was a third category
intermediate between the orthodox and
recalcitrant categories [4]. Literature is not
available on the actual seed storage behaviour
and desiccation tolerance in senna (Cassia

angustifolia) and muskdana (Abelmoschus
moschatus).
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Hence, the following study was aimed at

filling the existing gap relating to seed storage
behaviour and desiccation tolerance in senna
and muskdana.

MATERIALS AND METHODS

This study was carried out in Division of Seed
Science and Technology, IARI, New Delhi
during the period of 2006 to 2008. Pure
fraction of seeds of both crops were taken and
their moisture content determined by hot air
oven method at 130 °C for 2 hours. T'argeted
moisture contents (10%, 7.5% and 5%) were
achieved by use of either silica gel (for drying)
or saturated salt solutions of glyceroi (for
humidiﬁcation) as suggested by Sun protocol
[5]. Measured amount of seeds were kept in
petri plates and dried or humidified by silica
gel or glycerol, respectively depending on
initial moisture content of the seeds in glass
desiccators. Time to time their final weight
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was determined as per the formula given
pelow to ascertain moisture content. Once
they reached the targeted moisture content,
they were sealed in plastic containers with
sarafilm, which were stored under ambient
conditions for 15 months. Sced viability and
vigour was estimated at 3 months interval up
to 15 months and observations such as seed
germination percentage (normal seedlings,
abnormal seedlings, hard seeds and dead
seeds) and vigour indices were recorded in
both the crops.

Formula for determination of Moisture equilibrium

Wi x 100 - Mi
WE =

100-Mf

Where, Wt = Final weight of sample; Wi =
Initial weight of sample; Mi = Initial moisture
content of sample; Mf= Final moisture content
of sample.

Ratio of glycerol and water (by volume) for
maintaining different relative humidities [5]:

Glycerol (ml) H,O (ml) RH (%)
10 90 98.2
92 48 80.0
79 21 61.2
88 12 36.5

Effect of scarification on seed viability during
storage in senna
The effect of seed scarification on seed
viability during storage was studieq fo-r '15
months by comparing with seed viability
under control (un-scarified) during storage in
two seed lots in case of senna. For scarification
Purpose, seeds were scarified with conc.
Sulphuric acid for 30 minutes. Later on excess
amount of acid was removed by keeping the
Seeds in running water and seeds were dried
Under shade to reduce the moisture content.
hen seeds were kept in plastic bottles and
*¢aled with parafilm for storage purpose

S

along with control. The germination data wezs
recorded pvri()dimlly at an interval of 3,6, 9,
12 and 15 months along with control (no
scarification) to ascertain the effect of
scarification on seed viability in storage.

RESULTS AND DISCUSSION

Senna and Muskdana seeds were brought
down to 10%, 7.5% and 5% MC and stored
under ambient temperature. As per
Harrington’s thumb rule, the storability
should increase in lower moisture contents
(MQ). In this experiment also, similar results
were obtained germination percent and
vigour indices are better at 5% MC when
compared to 10% MC. However, there was no
significant difference among 7.5% and 5%
MCs with respect to the above mentioned
parameters.

Effect of storage period and moisture content on
germination parameters of senna

The seed moisture contents of 5% and 7.5%
proved better and on par with respect to

' germination percent, even after 15 months of

storage. When compared to 10 % seed
moisture content, 5% and 7.5% MC were
superior in senna indicating the fact that
storage is enhanced at low moisture contents

and seeds can withstand ultra low moisture
conditions.

The germination percent without
scarification treatment were 66, 64 & 69 (Table
la) and the corresponding hard seed percent
were 18, 22 & 25 (Table 1a) at 10, 7.5 and 5 %
targeted moisture content (TMQ), respectively
at the initiation of this storage study. There
was a clear cut indication that at low TMC,
the hard seed percent was more even at the
initial stages of experimentation. The
germination after dormancy breaking
treatment was also significantly higher at
lower TMC, i.e. 80 at 5 %, and 81 at 7"5"2» when
compared with germination percent at 10 %
TMC i.e. 78 (Table Lla). Later on, the
germination percent gmduall_\' decreased and

hard seed per cent gradually increased during
X
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i e ¢ 5 seed germination in senna during storage
Table 1a. Effect of targeted moisture contents on seed ge F g ¢

(Months of storage)
(MO OM 3N oM 9M 12M 15M Mean
10 / o4 62 57 58 56 Eha
0% o0 > = -
(543) (533) (517)  (48.8) (49.6) (48.6) (51.07)
7.50° od 65 58 56 56 51 <1
(529) (523) (49.8)  (48.4) (48.6) (45.4) (49.57)
5% 59 59 56 51 51 48 54.17
(50.2)  (50.4) (48.4) (45.7) (45.6) (44.0) (47.38)
MEAN 62.89  62.11 58.67  54.67 55.11 51.78
(52.47) (52.00) (49.98) (47.66) (47.92) (46.00)
CD M 1.99 T 1.41 M*T N.S.(N.S)
(1.16) (0.82)
Hard seeds (%)
10% 18 18 19 21 22 22 20.00
(25.0) (25.3) (26.1)  (27.0) (27.7) (28.0) (26.52)
7.50% 2 2 24 24 25 26 24.00
(27.9)  (28.0) (29.5)  (29.5) (30.0) (30.8) (29.30)
5% 25 26 26 27 29 29 27.17
(30.2) (30.8) (30.6) (31.3) (32.6) (32.8) (31.38)
MEAN 21.78 2222 2322 24.00 25.22 25.89
(27.72) (28.04) (28.75) (29.28) (30.09) (30.53)
CD M 1.86 T 1.32 M*T N.S. (N.S.)
(1.28) (0.90)
Normal seedlings after sulphuric acid treatment (%)
10% 78 78 77 75 73 71 75.44
(62.3)  (62.0) (61.3)  (60.2) (58.7) (57.4) (60.32)
7.50% 81 80 80 78 76 76 78.72
(644) (63.7) (63.7)  (62.2) (60.9) (60.4) (62.54)
5% 80 80 80 79 77 76 78.83
(63.7)  (63.7) (63.4)  (62.7) (61.3) (60.9) (62.62)
MEAN 80.00 \ 79.56 79.11 77.56 75.00 74.33
(63.43) (63.12) (62.82) (61.72) (60.30) (59.57)
CD M 1.95 T 1.38 M*T N.S. (N.S.)
(1.35) (0.95)

Note: M=Months; TMC= Targeted moisture content

Scanned with ACE Scanner



Effect of seed moisture conte

storage. After 15 months of storage, the
germination percent without scarification
treatment were 56, 51 & 48 (Table la) and the
corresponding hard seed percent was 22, 26
& 29 at 10, 7.5 & 5% TMC, respectively. The
actual germination percent with scarification
after 15 months of storage also followed the
similar trend where germination percent were
Significantly higher at low TMC i.e. 76 at both
5and 7.5% TMC, when compared with
germination percent at 10% TMC i.e. 71.

The interaction effect of seed moisture
content (TMC) and storage period on the
seedling length was not significant at P = 0.05
(CD =0.098) having a range from 12.75 cm at
10 % TMC and 3 months storage to 11.95 cm
at7.5% TMC, stored for 15 months (Table 1b).
There was also no significant difference in
seedling length among different TMCs, but
there was a significant difference in seedling
length with respect to different storage
periods. The seedling length was 12.69 at 10
% TMC and 0 months storage and there was
no significant difference in seedling length up
to 9 months of storage i.e.12.36. There was a
significant reduction in seedling length from
12 months of storage (12.17) and it was 12.16
after 15 months of storage. Whereas, at 7.5%
TMC and 0 months storage, the seedling
length was 12.55 and there was no significant
difference in seedling length up to 9 months
of storage i.e.12.33. There was a significant
reduction in seedling length from 12 months
of storage (12.16) and it was 11.95 after 15
months of storage. And finally at 5 % T™C
and 0 months storage the seedling length was
12.55 and there was no significant difference
in seedling length up to 6 months of storage
1.e.12.23. There was a significant reduction in
seedling length from 9 months of storage
(12.09) and it was 12.04 after 12 months of
storage and 12.00 after 15 months of storage
(Table 1b).

The interaction effect of see.d moisture
Content (TMC) and storage perl‘o'd on the
seedling dry weight was not significant at P

L
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=0.05 (CD = 0.098). In both the factors i.e. T™C
and months of storage, there was no
significant difference among seedling dry
weights and their interaction effect was also
non significant. The seedling dry weights were
having a range from 172 (10% TMC and 9
months storage) to 167 (10% TMC and 15
months storage) (Table 1b). The results for
vigour indices, VI-Iand II for this ex perimenF
were significant for the two factors (TMC
and months of storage) individually but
their interaction effect was not significant.
(Table 1b).

Effect of scarification on seed germination during

storage in senna

The germination results clearly indicated that
there was a significant difference between lots,
treatments (scarification & control) and
months of storage. With respect to interaction
effects, the interaction between lots (L) and
treatments (T), treatments (T) and months of
storage (M) were significant, whereas
interaction between lots (L) and months of
storage (M), lots (L), treatments (T) and
months of storage (M) were not significant at
P = 0.05.

In lot 1, the germination percent (82)
was same in both treatments even up to 3
months of storage. Thereafter, a significant
reduction in germination percent (79) of
scarified seed at 6 months of storage was
observed and it declined drastically at 12
months (59) & 15 months of storage (53). In
control, there was a significant reduction in
germination percent (78) after 9 months of
storage and the final germination percent after
15 months of storage was 72. In lot 2 also the
germination percent (87) was same in both
treatments even up to 3 months of storage.
Subsequently, there was a significant
reduction in germination percent (82) of
scarified seed at 6 months of storage and it
declined drastically at 12 months (64) and 15
months of storage (56). In control, there was a
significant reduction in germination percent
(85) after 9 months of storage and the final
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germination after 15 months of storage was
o h
77 Pcrcont (Table 2).

ffrect of scarification onmabnormal seeq Hings during
;mm(\’(’ 11 SscHna

in lot 1, the abnormal seedlings percent was
significantly different even from 3 months of
storage onwards which was 3 in control & 5
inscarification treatment. However, there was
not much difference in control and abnormal
seedling percent was 4 after 15 months of
storage; whereas, in scarification treatment
abnormal seedlings percent was significantly
increased and was 15 after 15 months of
storage. In lot 2 also, the abnormal seedlings
percent was significantly different even from
3 months of storage onwards which was 1 in
control and 6 in scarification treatment. Later,
there was not much difference in control and
abnormal seedling percent was 3 after 15
months of storage; whereas, in scarification
treatment abnormal seedlings percent was
significantly increased and was 19 after 15
months of storage (Table 2).

Effect of scarification on hard seeds and dead seeds
during storage in senna

In lot 1, the hard seed percent was 20 at 3
months after storage and it increased
gradually and reached to 29 after 15 mon.ths
of storage in control without any scarification
treatment at the time of germination; whereas,
in scarification treatment, hard seeds were not
observed even after 15 months of storage. The
same trend was observed in lot 2 also where
hard seed percent was 45 at 3 months after
storage and it increased gradually an@
reached to 50 after 15 months of storage In
control without any scarification treatment at
the time of germination. Also, no hard seeds
Were observed in scarification treatmenteven
after 15 months of storage (Table 2)-

In lot 1, the dead seeds percent was

%ame at 3 months of storage which was 13 in
Oth control and scarification treatments.
erefore, not much difference in control was

ed longevity of senna and muskdana 63

observed and dead seed percent was 12 after
15 months of storage; whereas, in scarification
treatment dead seed percent was signific antly
increased and was 32 after 15 months of
storage. In lot 2 also similar trend was
observed (Table 2).

Effect of storage period and moisture comtent on
germination percent of muskdana

In case of muskdana, the seed moisture
contents of 5% and 7.5% were proved superior
and on par with respect to germination percent
even after 15 months of storage. As compared
to 10% seed moisture content, 5% and 7.5%
MC showed enhanced longevity in muskdana
indicating the fact that storage is better at low
moisture contents and seeds can withstand
ultra low moisture conditions.

The germination percent without
scarification treatment were 52,49 and 47 and
the corresponding hard seeds percent were
40,44 and 46 (Table 3a) at 10, 7.5 and 5% TMC,
respectively at the initiation of this storage
study. There was a clear cut indication that at
low TMC, the hard seed percent was more
even at the initial stages of experimentation.
The germination percent after dormancy
breaking treatment were almost on par in all
the three TMCs, i.e. 90 at 10%, 91 at 7.5% and
90 at 5% (Table 3a). Later on, the germination
percent gradually decreased and hard seed
percent gradually increased during storage.
After 15 months of storage, the germination
percent without scarification treatment were
47,41 and 39 and the corresponding hard seed
percent was 38, 49 and 50 at 10, 7.5 and 3.,
TMCs, respectively. The actual germination
percent with scarification after 15 months of
storage also followed the similar trend where
germination percent were significantly higher
atlow TMCs i.e. 87 at 5% and 86 at 7.5 % TMC,
when compared with germination percent at
10% TMC i.e. 81 (Table 3a). The interaction
effect of seed moisture content (TMC) and
storage period on the seedling length was not
significant at ' = 0.05, having a range from
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12.01 cm at 7.5% TMC and 0 months sh)mgf»'
to 11.24 cm at 10% TMC, stored fm.' ‘IIZ nmnlh'.a.
There was also no significant dv”vrcpcv in
seedling length among different ‘l MCs, l.ml
there was significant difference in seedling
length with respect to diHcr.ent storage
periods (Table 3b). The interaction effect of
seed moisture content (TMC) and storage
period on the seedling dry weight was not
significant at P = 0.05. There was alsq no
significant difference in seedling dry weight
among different TMCs, but there was a
significant difference in seedling dry weight
with respect to different storage periods. The
seedling dry weights were having a range
from 97 (10% TMC and 3 months storage) to
86 (10% TMC and 15 months storage). The
results for VI-I and II for this experiment were
significant for the two factors (TMC and
months of storage) individually, but
their interaction effect was not signilicant
(Table 3b).

[n current study, senna and muskdana
seeds were equilibrated to targeted moisture
contents and stored under ambient
temperature. Harrington’s thumb rule, says
that the storability should increase as the
moisture content decreases. For every one
percent reduction in moisture content, the
shelf life is to be doubled within a range of 5
to 15%. It was reported that, there was a
negative logarithmic relation between
moisture content and longevity [6]. The
present experimental, results were in
conformity with the above rule. We noticed a
sharp fall in all seed quality attributes
(germination percent, seedling length,
seedling dry weight and vigour indices) at
'10% MC, while seed viability was not affected
m0 the other seed moisture regimes (7.5 and
5%) even after 15 months of storage.

_ However, there was no signific
dlff_erence in germination with re
moisture regimes (7.5% and 5%)
fact that both are equally

ant
spect to
indica ting the
good. Other

significant finding of this stgdy was both
senna and muskdana can with stand |oy,
moisture contents up to 5%. It has beep
observed that seeds from 25 accessions of
Brassicaceac family, which were preserved at
temperatures between 5°C and 10°C in flame
sealed vials containing dehydrated (blue)
silica gel with seed moisture content ranged
between 0.3 and 3% maintained high
germination percent (91-100) even after 38-4()
years of storage [7].

The most interesting aspect was that
even the accessions remained at room
temperature also showed germina‘inn
percentages that were similar to those
preserved in the cold room. This result
suggests that temperature might not be as
important as expected at least for medium-
term preservation and supports the
possibility of using ultra-dry methods as
substitute for cold storage. Study where
storability of acid scarified seed was
compared with control (un-scarified) have
shown that the abnormal seedlings and dead
seeds had increased significantly during
observation period (3, 6,9, 12 & 15 months),
which clearly established the fact that it is a
futile exercise to store scarified seed in senna.
Similar findings were observed earlier [8].

CONCLUSION

The seeds of senna as well as muskdana can
be effectively stored at 7.5 % seed moisture
content under ambient conditions. Moreover,
senna and muskdana can with stand low
moisture contents even up to 5% during
storgge. The results of the storage of acid
scarified seed in senna indicatedkseed coat
p.lays a significant role in retaining seed
viability. As scarified seed deterigrated

rapidly, it is suggested that making seed coat

E)ermeable to water/gases reduce the life
Span of seeds and hard seed coat plays an

important role in retaining seed viability for
a longer period of time,
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