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Abstract

Maintaining a physiological seed quality in storage period is necessary. Deterioration of rubber seeds during storage period is a decrease
of physiological quality that causes physiological changes in seed that reduce seed viability. Rubber seed has a relatively high water
content, respiration and metabolism and remained active during storage period. The PEG 6000 has an osmotic potential, that can be used
in seed storage period to limit changes in water content and oxygen in the storage medium that can induce secondary dormancy. The
purpose of this research was to examine the physiological change of rubber seed after stored with PEG 6000 for 16 days to induce
secondary dormancy in maintaining seed viability. This study examined differences in treatment with and without PEG 6000 30% with
4 replications using t-test at a = 5%. Parameters observed were fungal seed found in storage (%), seed germination (%), moisture content
(%), water activity (aw), O, consumption (mL kg~ jam), CO, production (mL kg~ jam), total sugar content (%), protein content (%), ash
content (%), fat content (%), electrical conductivity (umhos cm™2 g™"), peroxide value (%), seed hardness (kgf) and germination of seeds
after storage period (%). The results showed that the physiology of shelled rubber during storage for 16 days with the PEG 6000 30%
coating would be changed not significantly with a viability of 99%.
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INTRODUCTION

During storage, seeds will experience aging and
deterioration. Seeds are retreating, the respiration rate
increases which causes a reduction in food reserves and can
starve the meristem tissue. Seed deterioration can be
observed from the decline of physiological seed quality which
can lead to overall changes. Pammenter and Berjak (2014)
stated that desiccation-sensitive (recalcitrant) seeds cannot
tolerate water loss and so cannot be stored using
conventional seed bank conditions. Particularly with respect
to storage, recalcitrant seeds do not undergo intracellular
dedifferentiation nor any significant metabolic shut down.
Setbacks indication such as seed moisture reduction,
respiration rate, decreased food reserves, increasing of seed
conductivity value and germination decline were found after
the storage period. The physiology of seed can be influenced
by seed quality that have been through the stages of storage
process. Rubber seed belong to recalcitrant seeds, based on
observations of its behavior pattern, Pammenter and Berjak
(2000), Tweddle et al (2003) and Berjak and Pammenter
(2013) stated that the recalcitrant seeds had no dormancy, had
a short life in storage, having undergone drying when
physiologically ripe, apart from the water content that
relatively high, ranging between 30-70%. Berjak and
Pammenter (2008) and Pukacka and Ratajczak (2006) in Berjak
and Pammenter (2013) reported that the recalcitrant seed
storage, was a dilemma, very complex and could not be dried
to below 30% moisture content and would be damaged and
not tolerant to low temperatures. In these conditions, the
metabolism still active and ongoing process towards
germination even in the resting state (quiscent). When the
seeds were dried (desiccating) water content decreased and
sub-cellularchanges began to occur, resulting in deterioration
of seed viability that declining rapidly. Berjak and Pammenter
(2004) stated that no single technique was adequate for
storing recalcitrant seeds for a long period. Charloq et a/.
(2013) have reported that recalcitrant shelled rubber seed
germination during storage can be inhibited by coating the
seed with the PEG 6000.

According to Faria et a/ (2006) storage of hydrated
embryos in a solution of polyethylene glycol (PEG) at-1.7 MPa
water potential was capable of maintaining high germinability
until 30 day of storage. So does the solution of polyethylene
glycol (PEG) which is used for recalcitrant seed storage media.
Polyethylene glycol has a cell osmotic potential, which can be
used to limit changes in water content and oxygen on
germination medium or storage so that the PEG molecules,
that is outside the cell seed membrane will form a film which
protects the seeds and also functions as a buffer for seed
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moisture content and oxygen. This was supported by Ayranci
and Sahin (2008) and Chao et a/ (2012), who stated that PEG
(HO-CH,-(CH,-O-CH,)n-CH,-OH) is a long-chain polymer
compound, inert, non ionic and non-toxic and not affect the
metabolism of seeds and seed physiological function after a
storage period. Physiological process deterioration after a
storage period can cause an overall change in the content of
seeds and reduce the viability of seeds and have an impact on
the next phase of life. Therefore, a study on shelled rubber
physiology changes using PEG 6000 30% after storage to
induce secondary dormancy was needed to maintain shelled
rubber seed viability.

MATERIALS AND METHODS

This research was conducted in Laboratory of Seed
Technology and the Laboratory of Food Technology in
January-March 2012 at the Faculty of Agriculture, University of
North Sumatra, Medan. Materials used in this research were PB
260 rubber seed (certificate of Rubber Research Institute,
Sungei Putih), polyethylene glycol 6000 (code 8.07491.1000 1
kg, Merck Schuchardt OHG 85 662 Hohenbrunn, Germany)
(Cabrio Top 60 WG, a.i. metiram complex+pyraclostrobin,
BASF) 40 g/1 kg seed, Sevin 80S (a.i. carbaryl 85%, Bayer),
distilled water, alcohol 70 and 95% (Merck), deionized
water/distilled water, catalysts, BaCl, 2H,0 (Merck), methyl
blue (Merck) 0.02%), HCI (Merck) 0.002 N, glacial acetic acid
(Merck), chloroform (Merck), potassium iodide (Merck), sodium
thiosulfate (Merck) 0.1 N, concentrated H,SO, (Merck), NaOH
(Merck) 50%, 0.02 N NaOH (Merck), Pb-acetate solution
(Merck), Na,CO; (Merck) 8%, KOH (Merck) 0.1 N, hexane
(Merck) and phenolphthalein indicator (Merck), charcoal.
Equipment used were a ventilated cardboard box and
perforated plastic bag for seed storage. Seed shell peeler.
Laboratory tools, analytical balance (Electronic Precision
Balance, ACIS Ad-600H), oven (Mammert), hand sprayer
(Swan), measuring cup (Pyrex), germination box, sterile sand,
thermohygrometer (Digital Thermo-Hygrometer Brand TFA)
and erlenmeyer glass (Pyrex) 100 and 250 mL.

Research methods: This study examined differences in
treatment with and without PEG 6000 30% with 4 replications
using t-test at a = 5% level (Steel and Torrie, 1995).

Research implementation: Freshly harvested PB 260 seeds
that have been selected visually including resilience, shiny
shell color and water floating were mixed with moist sawdust
(1:1)and putinjute and packed with wooden crates. At arrival
in Seed Technology Laboratory, Agriculture Faculty, USU, the
seeds were washed several times with water, air dried and
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then shelled for more accurate selection of seed
endosperm. Polyethylene glycol 6000 (PEG 6000) were
weighed in accordance with the level of treatment,
dissolved in 1 L of distilled water and mixed with a fungicide
(a.i pyraclostrobin+metiram) at 40 g L' kg of seeds. Seeds
were dipped for 10 min in PEG 6000 solution according level
of treatment and then wind dried for 6 h on paper panels in
the laboratory. The seeds were then stored in a perforated
plastic packaging and perforated cardboard boxes and then
closed. After that stored in the laboratory at room temperature
with max temperature of 31.5°C. The average daily RH was
70.81 (RH min 53-max 83).

Laboratory analysis

«  Percentage of fungus seed in storage (Don, 2003)

«  Percentage of germinated seeds in storage (Don, 2003)
«  Moisture content (AOAC., 1995)

«  Water activity (aw) (AOAC.,, 1995)

«  Seed respiration rate (Deily and Rizvi, 1982)

»  Total sugar content (%) (AOAC., 1995)

«  Protein content (%) (AOAC,, 1995)

e Ash content (%) (AOAC., 1995)

«  Fat content (%) (AOAC,, 1995)

»  Freefatty acid content (%) (AOAC., 1995)

«  Peroxide value (%) (AOAC., 1995)

«  Electric conductivity (umhos cm=" g~') (AOSA., 2002)
«  Fruit hardness tester (kgf)

«  Germination seed test after storage (%) (Don, 2003)

RESULTS AND DISCUSSION

Table 1 showed the results of the experiment. The PEG
6000 30%, can maintain rubber seed viability without shell
with 99.67% germination after 16 days storage.

This result is an improvement when compared with the
report of Tabin and Shrivastava (2014) that the recalcitrant
seeds of Aquilaria malaccensis Lamk. possess short viability
period. Nursery trials were conducted to examine the effect of
storage periods (four treatments) and light intensity (three
treatments) on Aquilaria seed germination and growth. The
maximum germination was obtained with fresh sown seeds
(92.0%) followed by 5 days (39.6%) and 10 days (4.0%) stored
seeds. No germination took place in 15 days stored seeds at
all. According to Kozeko and Troyan (2000), Tweddle et al.
(2003) and Pammenter and Berjak (2014), recalcitrant seeds
have a high water content after harvest, does not have
dormancy period and low storability because of respiration.
When desiccated, the moisture content decreased and
sub-cellular changes started to occur, resulting in
deterioration of seed viability. PEG 6000 30% can maintain or
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reduce the rate of seeds deterioration so that physiological
changes that happen in the seed becomes insignificant. It can
be seen from the Table 1 that there was 19.67% fungal seeds
and only 0.33% of the seeds were germinated. The water
content before storage period was 50.28%, dropped
significantly to 35.71%, might be due to very high respiration
as a result of heat generated which made the seed to moist
and contaminated by fungal. According to Berjak and
Pammenter (2008) recalcitrant seeds should be stored in as
hydrated a condition as when they are shed, such hydrated
storage has attendant problems of fungal proliferation which,
unless minimized, will inevitably and significantly affect seed
quality. Inthese conditions, the metabolism stilloccurand was
process towards germination. Seeds can not be drained
because it will be damaged, so it can not be stored in a dry
environment condition. Water content was too low suspected
that damage cellular components sub and change the
structure of enzymes, structural proteins and adecrease in cell
membrane integrity. The cell wall became impermeable,
making it is more difficult to imbibite water, diffused pass
through the membrane and inhibited the metabolicactivity in
the seed. Seed damage happened as a result of the
consequences of an unbalanced metabolism during
dehydration and when stored in a hydrated condition
(Golovina et al, 2010; Berjak and Pammenter, 2013).

No significant changes, happened in aw (0.60-0.57). The
PEG 6000 30% could suppress the increase in the amount of
free water in the seed during storage. This result was also
found by Pardo et a/ (2006) and Astoreca et al (2010),
who stated that the fungus that often affects seed
storage period were Aspergillus spp., Penicillium spp. and
Colletotrichum spp. The minimum water activity for
multiplication of Penicillium spp., was at aw 0.83-0.85,
Colletotrichum spp. and Aspergillus spp., were at 0.77-0.83.
The PEG 6000 (30%) was suitable for seed preservation
process because it has the ability to bind water in the seed. It
might be due to water infiltrate through the thin membrane,
so that water will flow freely in the seeds of less concentrated
solution to a more concentrated solution passes through the
membrane (Copeland and McDonald, 2001; Gekas et a/, 1998;
Hussain et al, 2015).

Oxygen consumption increased from 68-138 mLkg="h™"
and CO, increased from 91.13-256.92 mL kg~" h~". Increased
of O, consumption and CO, production showed a significant
increase in carbohydrate oxidation through respiration which
was a characteristic of rapidly least compositional changes
that happened in seed tissue. The PEG 6000 30% through
osmotic potential, encourage seed impermeability, to
withstand water imbibition, diffusion of oxygen and increase
carbon dioxide that can reduce the oxygen consumption and
carbon dioxide production that suppress respiration. Lowering
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Table 1: Physiological parameters of treated shelled rubber in PEG 0 and 30% seed before and after 16 days storage period

Parameters

PEG 0% 0 day PEG 30% 16 days

Fungus seed (%)

C.l for mean

Significance

Germinated seed (%)

C.I for mean

Significance

Moisture content (%)

C.l for mean

Significance

Water activity (aw)

C.I for mean

Significance

Respiration rate of 0, consumption (mL kg~ jam)
C.I for mean

Significance

Respiration rate of CO, production (mL kg~ jam)
C.I for mean

Significance

Total sugar content (%)

C.I for mean

Significance

Protein content (%)

C.I for mean

Significance

Ash content (%)

C.I for mean

Significance

Fat content (%)

C.I for mean

Significance

Free fatty acid content (%)
C.I for mean

Significance

Electric conductivity (umhos cm—2g~7)
C.I for mean

Significance

Peroxide value (%)

C.l for mean

Significance

Seed hardness (kgf)

C.I for mean

Significance

Germination seed test after storage (%)
C.I for mean

Significance

- 19.67+£14.22

- 0.33+1.06

50.28£6.07

*

35.72£2.55

0.60+0.20
ns

0.58+0.06

68.27£0.89

*

138.48£2.98

91.13%2.22

*

256.924+9.05

4.73%£0.82
ns

5.01£0.46

12.69+0.81
ns

12.69£0.81

3.76£0.73
ns

3.76£0.93

8.25+0.58

*

9.44+0.57

0.34%0.21

*

5.78£291

1.72£0.06

*

292+0.37

1.71£0.35

*

2.94£0.86

3.65+043

*

4.12£0.10

98.33
ns

99.67£1.06

*: Significant effect, ns: Not significant effect in t-test

the rate of respiration until minimum will be able to extend
the economic life. This was supported by Pammenter and
Berjak (2000), Booth and Sowa (2001), Caccere eta/ (2013) and
Barbedo et al (2013), who found that the increase in
permeability caused many metabolites including sugars,
amino acids and fats to leak out of the cell. Thereby substrates
for respiration in storage period was reduced so that the
energy generated to germinate was reduced. The PEG 6000
30% could create animpermeable cell with isotonic conditions
approached the same osmotic pressure inside and outside the
cell.
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The increase in total sugar content was not significant
(4.73-5.08%). Maintaining sugar content of recalcitrant seeds
in storage is difficult, because the rate of respiration at high
water levels was very high. Decrease seed quality is correlated
with the length of rubber seed stored due to respiration
process which resulted in nearly all food reserves (proteins,
fats and carbohydrates) could be reduced. A decrease in the
sugar content of the seed will decrease seed viability.
However, the existence of the sugar component was also
found by Corbineau et a/ (2000) in Bailly et a/ (2004), who
stated that the effects of dehydration on desiccation
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sensitivity in touch containing oligosaccharides and cell
membrane material, in the metabolism of carbohydrates,
sugar is a stabilizing agent, sucrose involved in preventing
liquid crystalline into a gel phase transition and
oligosaccharides act as preventive effect of crystallization.

The protein content was not significantly different (12.69-
12.84%). These results demonstrated that the viability of the
seeds could be maintained by the PEG 6000. The PEG had a
function as an osmotic agent, protects the membrane and
prevent damage to structures and protein denaturation on
storage conditions, that useful in inducing secondary
dormancy. Increasing amount of proteins was considered as
indication of stress tolerance to storage, as the ability of PEG
to hold water. According to Tatipata (2009), high moisture
contentin seed could cause increased on protein damage. The
results of this study supported by Braccini et a/. (2000), that
soybean seed storage protein reduced periods but PEG 6000
treatment showed lower protein reduction. Salah et a/. (2015)
reported that the performance of the molecules of PEG 6000
was to improved the cell structures, suspected that the
molecules of PEG 6000 was to forms a thin layer that protects
and serves as a buffer to moisture and oxygen ingress, as also
found by Sung and Chiu (2001), who stated that a protein was
associated with the return of detoxification enzyme activity by
controlling the rate of lipid peroxidation.

The decrease of ash content was not significant (3.76%
preserved to 3.71%). Therefore, 30% PEG 6000 can maintain
the stability of the ash content of the seed, which means that
the higher the ash content of the food, the worse the quality
of food (Schuck et a/, 2012).

The fat content was significantly increased from
8.25-9.44%. During the storage period of 16 days, the PEG
6000 30% showed a very significant role in maintaining the
high fat content of the seed, as also found by Rohandi and
Widyani (2011) which stated that the fat contentin recalcitrant
seeds tend to increase consistently with decreasing of water
content.

The free fatty acid levels increased significantly from
0.34-6.06%. The existence of free fatty acids in the rubber
seeds is one of the indicators of quality defects. Along with the
length of the seed in storage free fatty acid levels was
increase. This also showed by Osawa et a/ (2007), Canakci
and Munzuroglu (2007) in Enteshari and Sharifian (2012),
Berchmans and Hirata (2008) and Akowuah et a/ (2012), who
reported that the increase in free fatty acids was correlated
with high levels of seed moisture during the storage period. It
seemed that free fatty acids increased was due to hydrolysis
of triglycerides by high humidity and oxygen during seed
storage period.
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The electrical conductivity increased significantly from
1.72-2.82 ymhos cm™' g~'. Treatment with PEG 6000 30%
in the mechanism of osmotic potential properties is
expected to reduce imbibition to prevent dehydration
that weakened/soften the seed cell membrane structure.
Vieira et al (2004), Fessel et al (2006), Setyowati (2009),
Ramos et al (2012) and Navaey et a/. (2014) stated that the
electrical conductivity of seed has a high sensitivity in
detecting deterioration of seed. Matthews and Powell (2006),
Don (2003) and Abdellaoui et a/ (2013) reported that the
higher the electrical conductivity of the test results, the lower
the seed vigor. This is because the increase in electrical
conductivity caused by electrolyte leakage due to increased
seed membrane permeability.

A significant increase was found in peroxide value from
1.71-2.84%. The high peroxide value may be caused by
contact with air and storage duration, so that the oxidation
reaction can take place. Oxidation process can take place
when there is contact between the amount of oxygen with
rubber seeds that have a high fat content. Rubber seed fat
composition was high at45.63% (Shokib et a/, 2010), the high
fat content in the rubber seeds accelerated peroxide of
unsaturated fatty acid compounds, lkwuagwu et a/. (2000)
found that the unsaturated fatty acids can bind oxygen to the
double bond to form peroxides. Peroxide is one important
measure to determine the degree of damage to the seed. In
this study, the rubber seed was stored at room temperature of
for 16 days and the seeds still have a relatively small number
of peroxide, which is supported by standard of APCC (2005),
peroxide value (2.94%) is still relatively safe for food, indicate
that the quality of the oil or fat was very bad, usually identified
from an unpleasant smell. Varier et a/ (2010) stated that
deterioration of seed was caused by damage of cell
membranes and other cellular components. Peroxide is usually
used as a measure of rancidity, suspected oxidative rancidity
rate, increases with increasing storage time. This is supported
by De Alencar et a/. (2010), who stated that the peroxide and
photometric colorindexincreased significantly, independently
of storage conditions; however, the increase was more
accentuated in oil extracted of stored grains at high moisture
content and temperature.

From this study it was found that PEG 6000 30% can
maintain a peroxide value of the seed, in relatively small
amount. Inhibition of the oxidation process in the seed was
intended to make seed more resilient and not easily
deteriorate during storage. Bailly et a/ (2000) reported that
PEG could control the peroxide-free and the cessation of lipid
peroxidation processes with the increased of protein
associated with the active detoxification enzymes that control
the rate of lipid peroxidation through H,0, cleaning.
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Seed hardness increased significantly from 3.65-4.14 kgf
during storage. The addition of PEG 6000 30% coating
increased theinhibitory ability against theimpairment of seed
hardness. The PEG 6000 30% coating which approach isotonic
concentration of seeds was also expected to hold water so
that the transmission rate can be retained, that was supported
by Wu (2002), Li et a/ (2013) and Konarska (2013), who stated
that the rate of seed damage was influenced by gas diffusion
into and out of the seed that occur through lenticels that
spread across the surface of the seed and naturally inhibited
by contained wax coating on the surface of the seed. It
seemed that the decreasing of hardness values in the seed
during storage was due to the reduction in germ cell turgor
pressure, which also supported by Gonzalez et a/ (2010)
which stated that the seeds of onions violence influenced by
turgor of cells are still alive and according to Banjongsinsiri
(2003) was caused by the loss of turgor pressure, reshuffle and
degradation of starch into glucose so that the cell walls
increasingly softened.

The germination ability of the seeds was 99.67% which
was not differ significantly from the fresh seeds (98.33%).
Germination of seeds is one of the parameters that are
directly describe seed viability. Viability of seeds tend to
decrease when the seeds are in storage. This is supported by
Fotouo-M et al. (2015), who that seed ageing during storage
is one of the main causes of reduction in seed quality and this
results in loss of vigour and failure to thrive. The decrease in
seed viability during storage was associated with a loss in
membrane integrity which was evidenced by an increase in
electrolyte leakage. As reported by Tatipata (2009) that the
decline in germination of seeds after storage period was
associated with high level of water that causes the irregular
structure of the mitochondrial membrane, thus increasing
membrane permeability. Increased permeability might cause
many metabolitesincluding sugars,amino acids and fatty leak
out of the cell. Thus substrates for respiration is reduced so
that the energy generated to germinate was reduced. The
results of this study have also been evidenced by Charloq et a/.
(2013), who found that the combination of PEG 6000 30% and
fungicide 40 g/1 kg seed rubber without shells stored for of 16
days was 96.00% germinated. The PEG 6000 30% was
successfully induce dormancy of seeds during storage for
16 days, by reducing the rate of deterioration. These results
were supported by Bailly et a/ (2000) and Sung and Chiu
(2001), who stated that PEG 6000 through the mechanism of
osmoregulation water replacement hypothesis and various
protective mechanisms can address the causes of oxidative
damage and maintain the water content, water activity,
respiration rate, total sugar content, membrane leakage and
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physiological function of the seeds so that germination of
seeds can be maintained. The PEG 6000 30% was successfully
preserve the viability of the seeds by high germination rate,
compared to Tabin and Shrivastava (2014), who reported that
the maximum germination (78.0%) obtained under Double
Layer Polynet Shade (DLPS) as compare to Single Layer
Polynet Shade (SLPS) and control (75.0 and 63.8%,
respectively).

CONCLUSION

The observation of the overall parameters showed that
physiology of shelled rubber with the PEG 6000 30% coating
could be maintain at viability of 99% showing the secondary
dormancy of shelled rubber seeds during the storage period
of 16 days.
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