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SUMMARY

Desiccation sensitivity of recalcitrant seeds of Myristica malabarica was studied by exposing freshly collected mature seeds
to room temperature 28+ 2°C, and 60%RH.)M oisture content and germination rate were reduced uniformly and viability (72%)
was retained up to 6 days when the moisture content was reduced to one half. Electrolyte leakage and lipid peroxidation
showed linear increase while formozan intensity was reduced gradually until the loss of viability. Peroxidase and
polyphenoloxidase were more active up to 4™ day of desiccation compared to the control whereas, drastic reduction in the
activity of these enzymes was observed coinciding with loss of viability. Even though Myristica malabarica seeds contained
only 27% moisture content and were considered as moderately recalcitrant because these seeds were highly sensitive to
desiccation and the loss of viability begans after one day and ends within 7-8days. The desiccation sensitivity appeared to be
due to manifold electrolyte leakage and lipid peroxidation and comparatively reduced enzymatic protection expressed as

peroxidase and polyphenol oxidase against free radicals formed due to desiccation stress.
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Desiccation sensitivity is the well documented
characteristic of recalcitrant seeds (Lin and Chen,
1995; Farrent et al., 1996; Finch-Savage, 1996;
Pammenter and Berjack, 1999). Viability loss in
recalcitrant seeds is the synergistic effect of a large
number of metabolic processes. Theseinclude mechanical
stresses upon the removal of water which cause structural
changes at sub cellular (Drew et al., 2002; Hilhorst et
al., 2004) cellular (Kozeko and Troyan, 2000) and tissues
levels(Liang and Sun, 2000). Alterationsin the membrane
structural integrity and function due to desiccation are
well documented and reflected by the increased |eakage
of ions, sugars and proteins (Chaithanya and Naithani,
1994; Finch-Savage et al.,1996). The breakdown of
metabolic co-ordination in cellsmay initiate uncontrolled
freeradical attack and decrease enzymic and non-enzymic
protein protection against such oxidative damages
(Leprinceetal., 1990, Hendry et al., 1992; Hendry, 1993
Pammenter et al., 1994, Pammenter and Berjack, 1999).
Animportant processof viability loss during desiccation
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of recalcitrant seedsisthe formation of freeradicalsand
highly reactive oxygen species which are synthesised as
aresult of impaired oxidative metabolism (Chaithanyaand
Naithani, 1994; Come and Corbineau, 1996; L eprince et
al., 1999, Pammenter and Berjack,1999;Greggainset al .,
2001). A number of protective enzymes like peroxidase,
polyphenol oxidases and super oxide dismutase against
the highly reactive free radicals have been reported in
recal citrant seeds (Chaithanyaand Naithani, 1994; Finch-
Savage et al., 1996).

Myristica malabarica is an endemic tree of
Western Ghats in peninsular India, a major floristic
component in Myristica swamps. The riparian climate
is suited for the easy germination of the recalcitrant
seeds, of Myristica malabarica Anilkumar et al. (2002)
reported the desiccation and chilling sensitivity of
moderately recal citrant seeds of thistaxon. The present
study highlightsthe effects of desiccation on metabolism,
leading to loss of viability. The investigation includes
the analysis of moisture content, germinability,
measurements of el ectrical conductivity, lipid peroxiation,
reduction of tetrazolium chloride, and assay of
scavenging enzymes like peroxidase and polyphenol
oxidase during desiccation.

MATERIALS AND METHODS

Fully mature seeds of Myristica malabarica were
collected from Myristica swamps of evergreen forest of
Kallar in Southern Western Ghats, Kerala, India.
Harvesting maturity of seeds were inferred when some
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of thefruits started splitting open through their longitudinal
fruit valves. After hand harvesting fruit valves were
separated manually and then surface sterilized with
0.1%HgCl, and washed four times with distilled water.
Seed | ots consisting of 100 seeds eachintriplicateswere
kept open at |aboratory conditions (28+2°C,60%RH.) for
desiccation and samples for the following biochemical
studies were collected at 5 intervals namely 1% 2nd, 4%,
6™. 8" days of desiccation. Fresh seeds served as control
all experiments were repeated five times for statistical
analysis of data.

Germination studies and moisture content:

Three replicates of twenty seeds each from all
samples (control treatments) werekeptinacid free paper
towels and incubated in a seed germinator (90%RH and
30°C). The seedswere considered germinated when the
radicle protruded from thetesta. Samplesfor all analyses
weretaken from randomised seed lots. Moisture content
was calculated following ISTA rules (1985) by drying at
103°C for 16 hours and expressed as percentage moisture
content on fresh weight basis.

Conductivity measurements:

One seed each in five replicates from all seed lots
kept for desiccation wasincubated in 50ml distilled water
for overnight. Conductivity of the leachate was measured
using a conductivity meter (systronics model No.306).

Lipid peroxidation:

Lipid peroxidation was measured as the
concentration of thiobarbituric acid reactive substance
(TBRS) equated with malondialhide (MDA) according
to Heath and Packer (1968). Known weight of issue
was homogenised in distilled water and 5% thiobarbituric
acid was added and incubated in boiling water bath for
30 minutes. After cooling to 0°C, the supernatant was
collected and colour was measured using
spectrophotometer (Schimadzn) at 540 nm and expressed
as A 540/g weight of the tissue.

Tetrazolium chloride reduction activity:

Known quantities of the seedswere incubated in 1,
2, 3, 5% Triphenyl tetrazolium chloride solution in dark
for two hours. After three washesin distilled water the
staining pattern was observed. The tissue was chopped
and the formazan formed was extracted with acetone.
Optical density of the solution was measured after
centrifugation and expressed as A 540/g fresh weight
(Kittock and Law, 1968).
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Extraction of enzymes:

Enzymes were extracted in cold 0.01 M phosphate
buffer (pH 7.2) containing 1.5% poly vinyl poly pyrolidone
(PVPP). The homogenate was centrifuged using a
refrigerated centrifuge at 5000g for 20 minutes and the
supematant was precipitated in cold acetoneand kept in
an ice bath for 30 minutes. The pellet was washed with
acetone twice and after the complete evaporation of
acetone the pellet was resuspended in phosphate buffer.
After centrifugation the supermatant was used asenzyme
sourcefor both peroxidase and polyphenol oxidase assay.
All enzymatic studies were conducted at 4°C.

Peroxidase assay (EC 1.11.1.7):

Peroxidase activity was measured according to
Chance and Machly (1955). Three ml of the assay
mixture contained 0.1 M phosphate buffer (pH7.2), 12mm
guaiacol and enzyme extract. Thereaction wastriggered
by adding 0.1 ml of 13 mM H,O, to the mixture. The
change in absorbance was recorded immediately at 470
nm using spectrophotometer (Schimadzu) model. The
enzyme activity was cal cul ated and expressed as change
in absorbance per min/fresh weight tissue

Poly phenol oxidase assay (EC 1.14.18.1):

Themethod of Yamaugchi et al. (1970) wasfollowed
to estimate polyphenol oxidaseactivity. Theassay mixture
contained 0.1 catechol, 0.1 M pralinein 0.1M phosphate
buffer (pH.6.8) and 0.5 ml enzyme. The kinetics of the
reaction was immediately recorded at 525nm using
spectrophotometer. The activity was expressed aschange
in absorbance/min/g.fresh weight.

RESULTS AND DISCUSSION

Fresh seeds of Myristica malabarica contained
0.277g g* moisture and registered 100% germination.
Exposureof seedsto open laboratory conditions (28+2°C/
60% RH) recorded a decrease in moisture content and
germination (Table 1). After 6 daysof desiccation of the
seed moisture content and germination was reduced to
0.144g g* and 72%, respectively. Further desiccation of
seedsresulted in the reduction of moisture content and a
marked effect on the reduction of seed viability. Exposure
for aprolonged period of 8 days, the seed moisture content
waslowered to 0.102gg™ and germination was only 20%.

When fresh seeds and those desiccated for 48 hours
were incubated in tetrazolium chloride solution both the
embryonic axis and cotyledons were deep red.
Absorbance of formazan extract was maximum for the
control seeds. But when the seed moisture content was
reduced to 0.144 g g on the 6" day the corresponding
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Table1: Effect of desiccation on Myristica malabarica seeds

Period of Moisture content %+ Germination% +
desiccation days SE SE

0 27.7+ 1.08 100

1 235+ 1.1 9R2+2

2 21.7+ 112 88+25

4 19.1+ 101 86+35

6 144+ 0.87 72 +24

7 12.0+ 0.82 52 +2.1

8 10.23 £ 0.68 20+1.6

absorbance was very low (Table 2).

The electrolyteleakage represented as conductivity
measurements showed linear increase in solute |eakage
during desi ccation and after 8 days the conductivity was
increased almost tenfold (Table 2). The production of
thiocarbituric acid reactive substance (TBRS) asaresult
of lipid peroxidation was increased proportional to the
period of desiccation (Table 2).

Table 2 : Response of desiccation in Myristica malabarica

seeds towar ds desiccation

Period of Formazane Lipid
desiccation ~ Conductivity concentration  peroxidation
days oD oD

0 125+0.8 0.375 0.121

1 323+11 0.317 0.162

2 418+13 0.205 0.176

4 63.1+£23 0.172 0.217

6 115+ 3.6 0.062 0.227

7 119+ 4 0.02 0.236

8 121+4.2 0.002 0.254

Both the anti-oxidant enzymes (Peroxidase and Poly
phenol oxidase) showed increase in early days of
desiccation. The peroxidase activity was maximum on
4th day of desi ccation and afterwards significant reduction
was occurred. Poly phenol oxidase activity registered
the highest value after 2 days and gradually decreased
up to 8 days propotemol to the period of desiccation.

The swampy riparian climate provides an optimum
temperature and relative humidity for the germination of
recalcitrant tree seeds of Myristica malabarica in
Western Ghats of Kerala, India. Even though the seed
coat is thick hard the seeds are highly sensitive to
desiccation fresh seeds show cent per cent germination,
and desiccation for one day redlts in 4% reduction in
moi sture content and slight loss of viability. (Anil Kumar
etal ., 2002) Seeds of Myristica malabarica withstand
48% (M C,14.4% reduction in moisture content up to 6
days of storage (Table 1) and the corresponding
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germinationis69%. Direct correlation between moisture
content and germination percentage of M.malabarica
seed has already been reported (Anilkumar et al., 2002).

Tetrazolium chloride tests using formazan optical
density va ues abtained during desiccation period showed
very low dehy drogenases action to due to reduced
respiratory rate that this parameter is agreable with the
correlation between desi ccation and seed liability (Table
2).

The linear increase in specific conductance of the
|eachate may be dueto the desi ccation induced membrane
damage of Myristica seeds and this observation is in
conformity with the seed behaviour of Machilus
thunbergii (Lin and Chen, 1995) and Theobroma cacao
(Li and Sun, 1999) . Theionicleaskageiscaused by physical
broaching of the cell membrance by the inrush of water
during rehydration (Zheng, 1991). Irreversible solute
leakage related to loss of viability in recalcitrant seeds
has been reported by many authors (Berjack et al., 1989,
Fu et al.,1990).

Moisture content and water potential are not directly
related each other in reelacitrant seeds because water
potential range varies with seed composition which is
likely to be differed between seed samples (Pammenter
and Berjak, 1999) Moisture content of M. malabarica
seeds desiccated for 6 days was reduced to one half
(Table) and concomitantly viability fallen below 70% and
the corresponding el ectrol yte conductivity showed tenfold
increase compared to the control seeds. Although inthe
present investigation, water potential was not taken as a
parameter, manifold increase in the electrolyte
conductivity resulted in a significant debction of water
potential leading to desiccation stress and loss of seed
viability.

Free radical generation as a consequence
uncoordinated metabolism is a mgjor injurious factor
during dehydration of recalcitrant seed (Come and
Corbineau, 1996. According to Leprince et al. (1993)
one of the protective systems involved in desiccation
tolerance isthe ability to prevent the freeradical attack.
During desiccation, increased respiration and cipia
peroxidation produce free radicals in recal citrant seeds
and for combating with these free radicals seeds are
endowed with antioxidant molecules (Finch — Savage et
al., 1994) and scarenging engages (Leprinceet al., 1993).

Enhanced activity of peroxidase and polyphenol
oxidase in the seeds of Guilfoylia monostylis (NKang,
2001) and Telfairia occidentalis (NKang et al., 2003)
are related to desiccation tolerance. As a protective
mechani sm against desi ccation, increased activity of both
peroxidase and polyhenol oxidase was observed in M.
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Table 3 : Effect of desiccation on peroxidase and pol

oxidase activity in Myristica malabarica

Period of Peroxidase Polyphenol oxidase
desiccation days (A470/min) (A 525/min)
0 0.234 +0.03 0.410 +0.02
2 0.240 + 0.02 0.571+0.03
4 0.257 +0.01 0.469 + 0.03
6 0.108 + 0.01 0.286 +0.01
7 0.103 + 0.02 0.167 + 0.02

malabarica seeds. Activity of both the enzymes were
maximum during 2-4 daysof desiccation. Thedetrimental
effect of free radicals during desiccation of recalcitrant
seeds and the protective role against such damages by
enzymatic process have been reported in may seedsand
this defence mechanism varies among species (Hendry
et al., 1992; Pammenter et al.,1994; Li and Sun, 1999).
In M. malabarica peroxidases and polyphenol oxidases
were active in fresh seeds and this same trend was
maintained rather increased only slightly asstepto adays
of desiccationfollowed by drastic reductionintheactivity,
which coincided with loss of seed viability. The rapid
browning of desiccated seeds on exposureto air datanot
included is due to the oxidation of various types of

phenolicsinvolving the activity of poly phenol oxidases
leading to the loss of viahility in M. malabarica seeds.
Most plausible reason for loss of viability in of
M.malabarica seeds during desiccation may be
inefficient functioning of antioxidant systemsresultingin
uncontrolled accumulation of free radicals through
peroxidation of membrane lipids as confirmed by
increased rate of lipid peroxidation (Table 2) whereas
insignificant reduction of germination rate coincide with
enhanced activity of polyphenol oxidasesand proxidases
during 2-4 on 2™ day of desiccation. But after 4th day,
these enzyme activities were drastically reduced and
hence the seeds were not protected from desiccation
stress. Theoverall metabolic changes during desiccation
of M. malabarica seeds for a period of six dayswasthe
reduction of moisture content activity of poly phenol
oxidase and peroxidasetoone half, tenfold increasein
electrolyteconductivity and doubling of lipid peroxidation
rate. Even though the activity of the antioxidant enzymes
isfound to be effectiveway to avoid the detrimental effect
of desiccation, the oxidative stress expressed as lipid
peroxidation and resultant electrolyte |leakage exceeded
the antioxidant capacity of these enzymes and resultant
short life span in therecal citrant seeds of M. malabarica.
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