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Abstract

Studies were carried out on the effect of seed coat removal and nitric oxide (NO)
donor sodium nitroprusside (SNP) treatment on germination and growth of seedling
and budded plants of rubber (Hevea brasiliensis). Interaction effects were observed
between seed coat treatment and SNP treatments for germination time and
percentage germination. Decoated seeds germinated earlier and improved
synchronicity than intact seeds (with seed coat) and achieved 50% germination
within nine days. SNP treatment at all four concentrations (20, 50, 100 and 200 uM)
hastened the germination and increased the percentage germination especially when
decoated seeds were used. Shoot and root attributes of seedlings (stock plants)
derived from the seeds treated with SNP, especially at 50-100 uM, were significantly
improved as compared to those from control and mock treated seeds. Growth of the
budded plants were better when stock plants derived from SNP treated seeds were
used. Therefore, NO treatment coupled with decoating could effectively be utilized to
improve the germination and growth of seedling and budded plants of rubber. To our
knowledge, this is the first report on redox priming of rubber seeds with SNP.
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INTRODUCTION

The quality of planting material and an
optimum stand of vigorous plants are of
utmost importance to achieve the
potential yield of rubber (Hevea
brasiliensis) clones (Nugawela, 2010).
In order to produce high quality rubber
plants, both the rootstock and the

budwood should be of high quality
(Seneviratne and Wijesekara, 2011).
Rubber seeds are used to generate root
stock plants to be budgrafted with
desirable clones. Rubber seeds are
recalcitrant and have high moisture
content at maturity (Chin, 1995).
Recalcitrant seeds germinate rapidly
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when sown fresh, but are sensitive to
desiccation and freezing and hence
difficult to store (McDonald, 2004).
Fresh rubber seeds generally take 7-10
days to start germination in a sand bed.
Vigorous seeds should be selected to
raise stock plants by collecting early
germinates. About 50% of the early
germinates should be harvested every
other day, only for three rounds,
although entire population germinates
(Anon, 2013). Vigorous seedlings
become buddable in 3-4 months under
proper agro- management practices
(Anon, 2013).

However, for government rubber
nurseries, seeds are purchased from
different suppliers who collect and store
seeds for a few days to weeks to supply
them in bulk quantities. These seeds
generally take 2-3 weeks to start
germination and 3-4 weeks to achieve
50% germination. Although it is
recommended to transplant the
seedlings into polybags at the radicle
emergence  stage under  normal
condition (Anon, 2013), transplanting is
generally delayed by the nursery men
until the leaf emergence stage due to
various reasons. Due to asynchronous
germination of rubber seeds, a number
of vigorous seedlings that immerge
earlier grow faster when the rest
germinate. During  transplanting,
somewhat mature seedlings are
compelled to be discarded and hence the
vigorous seedlings are lost. Further, it
frequently forces the nurseries to extend
the budgrafting period for up to six
months as they wait for late-germinating
seedlings also to achieve buddable size.
Therefore, it is essential to find ways to

speed up and improve synchronous
germination and increase percentage
germination of rubber seeds.

The coat is thick and hard in rubber
seeds and therefore can act as a physical
barrier for germination. Seed coat
removal is a mechanical scarification
method to improve the germination and
ensure uniform seedling emergence
(Kimura and Islam, 2012). Previous
studies indicated that removal of seed
coat of certain woody perennial species
producing orthodox seeds viz.,, pine
(Saeed and Thanos, 2006), Rauvolfia
serpentine (Paul et al., 2008), Quercus
serrata Thunb. and Quercus
semecarpifolia Sm. (Pandey and Tamta,
2013), Grevillia spp (Morris et al., 2000)
and citrus (Girardi ef al., 2007) would
enhance germination and uniformity,
increase percentage germination and
enhance seedling performance.
However, only a few reports are
available on studies of seed coat
removal in  recalcitrant  woody
perennials such as Mango (Muralidhara
et al., 2016) and Avocado (Bergh, 1988).
Therefore, one can expect that
decoating (complete removal of seed
coat) would improve germination of
rubber seeds.

Soaking of seeds in  water
(hydropriming), inorganic salt solution
(halopriming) or hormone solution
(homopriming) has been reported as
common priming techniques for
enhanced germination dynamics in
many crop plants such as wheat, rice
(Dorna et al, 2014) and lentil
(Ghassemi-Golezani, 2008). It is well
known that plant hormones can impact
seed dormancy and improve
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germination in crop species. For
example, abscisic acid (ABA) generally
inhibits germination (Gubler et al.,
2005), whereas gibberellic acid (GA)
promotes germination (da Silva et al,
2004).

More recently, it has become apparent
that molecules, such as nitric oxide (NO)
can significantly impact on plant growth
and development from seed germination
up to senescence (Mur et al., 2012).
Redox priming with NO donor sodium
nitroprusside (SNP) has been shown to
enhance germination and/or break
dormancy in orthodox seeds such as
Barley (Bethke et al., 2004), lettuce
(Beligni and Lamattina, 2000), rice
(Habib et al., 2010), wheat (Hua et al.,
2003), switchgrass (Sarath et al., 2006)
including Arabidopsis thaliana (Bethke
et al., 2006a). Nevertheless reports on
NO implication in recalcitrant seeds,
including rubber, is scarce (Bai et al,
2011).

NO is required for root organogenesis
(Pagnussat et al, 2002), lateral root
development (Correa-Aragunde et al.,

2004) and improve growth and
development of many crop plants
especially  under  abiotic  stress

conditions (Mur et al., 2012, Kong et al.,
2014). Nayanakantha et al. (2014)
demonstrated that treatment with NO
donor SNP improved growth and root
characteristics of rubber seedlings in a
dose dependent manner. Therefore, this
study was undertaken to ascertain the
effectiveness of seed coat removal and
NO treatments on  germination
dynamics and growth performance of
seedling and budded plants of rubber.
We report here that, exogenous NO

donor SNP and decoating treatments
hastened germination, improved
synchronicity and percentage
germination and growth of rubber plants.

Materials and methods

The study was conducted in a nursery at
the Dartnofield Estate of the Rubber
Research Institute of Sri Lanka (RRISL).
Fresh rubber seeds from the clone BPM
24 were collected at the early seed fall
from Millewa estate, Padukka and
brought to RRISL. Half of the seed lot
was manually decoated and other half
left intact. Both intact and decoated
seeds were treated as follows: no
soaking (control), soaked in water for 6
hours or in 20, 50, 100 and 200 pM
SNP for 6 hours.

Seeds were sown in a germination bed
filled with sand in to a randomized
complete block design (RCBD) with
four blocks. There were 4 replications
of 50 seed each in each treatment in
each block, with a total of 2,400 seeds.
Germination beds were watered once
daily. Cumulative seed germination
percentage was recorded at 7, 9, 11, 13,
15, 17, 19 and 21 days after sowing.
Seeds were considered as germinated
when the radicle had protruded about 2
mm, regardless of seed coat.

Each germinated seedlings were
transplanted in black polythene bags,
gauge 300 and having lay-flat
dimensions of 15 cm diameter and 37
cm height, filled with soil. Soils from
the Agalawatta series were collected
from the surface layer (0 — 15 cm depth),
sieved through a 1 cm mesh to remove
large lateritic gravel before filling the
bags. Polybags were arranged in a
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nursery according to a RCBD with eight
blocks, each treatment containing five
plants so that the total number of plants
for each treatment was forty. Two
weeks after transplanting, application of
chemical fertilizers, i.e. young budding
fertilizer mixture in liquid form, into
seedlings was started and carried out at
two-week  intervals.  All  other
management practices were same as
recommended by the Rubber Research
Institute of Sri Lanka (Anon, 2013).

Measurement of growth parameters
of seedlings

Growth attributes of rubber seedlings
were assessed after three months from
transplanting. Ten plants from each
treatment were removed and root
system was washed gently under
running water over a 0.5 mm sieve and
the adhering soil and dust particles were
carefully removed. = Morphological
attributes viz.,, diameter of stem, plant
height and number of leaves were
recorded. Leaf area was determined by
leaf area meter (Model L1-3100, LI-
COR, USA). Chlorophyll content was
measured using SPAD 502 Plus
chlorophyll meter. Dry weights (DW) of
shoots and roots were obtained by oven-

drying the samples at 70 °C for 48 hours.

Measurement of growth parameters
of budded plants

Seedlings were budgrafted with PB 260
clone after three months from
transplanting. Percentage budgrafting
success was recorded after one month.
When the first leaf whorl was matured,
growth attributes viz., number of leaves,

leaf area, chlorophyll content of leaf and
dry weight of scion shoots were
recorded.

Data analysis

Germination data was subjected to arc-
sin  transformation  before  being
submitted to analysis of variance.
However, actual percentages are
presented. Growth data before and after
budgrafting were analyzed according to
two-factor factorial experiment (with/
without seed coat and five levels of
SNP). Significance of the observed
treatment differences was tested by
analysis of variance using proc GLM
procedure of the SAS software package
(version 9.1) and significant means
were separated using Duncan’s Multiple
Range Test (DMRT) at the 5%
probability level.

Results

Seed germination

Results of the present study revealed
that there were interaction effects
between seed coat treatment and
soaking treatments for germination time
and  percentage  germination. A
significantly higher germination
percentage was recorded from decoated
seeds than from intact seeds for up to
thirteen days from sowing when the
factor 1 (soaking treatment) was fixed
(Fig. 1). The first visible germination
occurred as early as four days after
sowing when several seeds with radical
perturbation were observed from
decoated seeds treated with SNP.
However, by seventh day after sowing,
a significantly higher germination
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percentage was recorded from seeds 100 pM, when the factor 2 (seed coat
treated with SNP, especially at 50 pM- treatment) was fixed (Fig. 2).
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Fig. 1. Effect of seed coat on germination percentage of rubber seeds when the factor 1
(soaking treatments with SNP) was fixed. a) after 7 days, b) after 9 days, ¢) after 11
days, d) after 13 days, e) after 15 days and f) after 21 days from sowing. Means with
same letter between two adjacent bars are not significantly different at p<0.05
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Decoated seeds devoid of soaking 50% germination whilst intact control
treatments took only 9 days to complete seeds required 13 days (Fig. 1).
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Fig. 2. Effect of NO donor SNP on germination percentage of rubber seeds when the factor 2
(seed coat treatment) was fixed. a) after 7 days, b) after 9 days, ¢) after 11 days, d) after
13 days, e) after 15 days and f) after 21 days from sowing. Means with same letter
among bars for different SNP concentrations are not significantly different at p<0.05.
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SNP treatment greatly hastened the
germination and increased percentage
germination in both decoated and intact
seeds. By the 13" day after sowing,
93% of decoated seeds and 73% of
intact seeds had germinated upon SNP
treatment at 100 pM as compared to
those devoid of soaking treatments,
69.5% for decoated seeds and 54.5% for
intact seeds (Fig. 2). Nevertheless, by
the 21* day after sowing, 75% of the
intact seeds (control) had germinated
while 79.5% of the decoated seeds
devoid of soaking treatments had
germinated (Fig. 1).

Seedling attributes

Interactive effects were observed only
for dry weight of shoots and chlorophyll
content between seed coat treatment and
SNP treatments after three months from
transplanting into polybags (Fig. 3, 4, 5
& 6). Seedlings derived from SNP
treated seeds, in dose dependent manner,
showed improved shoot and root
characteristics as compared to those
derived from control and mock treated
(water soaked) seeds after three months
from transplanting into polybags.

Seedlings derived from decoated seeds
devoid of soaking treatments and SNP
treatment at 20 pM showed a higher
chlorophyll content than that from their
respective intact seeds (Fig. 6).
Nevertheless, seedlings derived from
intact seeds with mock treatment and
treated with SNP at 50-200 pM showed
a higher chlorophyll content than that
from their respective decoated seeds
(Fig. 5). Nevertheless, 100 uM SNP
was most effective for the increment in
chlorophyll content in seedlings derived
from both decoated and intact seeds.
Interestingly SNP treatment at all four
concentrations (20 uM, 50 uM, 100 uM
and 200 pM) showed a significantly
higher shoot dry weight as compared to
control and mock treatment when intact
seeds were used (Fig. 3). However,
when decoated seeds were used, 200
uM SNP was not effective (Fig. 6).
Nevertheless, soaking of seeds in a 100
uM SNP solution was most effective for
the increment in shoot dry weight in
seedlings derived from both decoated
and intact seeds.
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Fig. 3. Effect of NO donor SNP on shoot dry weight of rubber seedlings after three months
from transplanting, when the factor 2 (seed coat treatment) was fixed. A) intact seed,
B) decoated seed. Letters indicate significant difference at p<0.05 according to DMRT.
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Fig. 4. Effect of seed coat treatment on shoot dry weight of rubber seedlings after three
months from transplanting, when the factor 1 (soaking treatment with SNP) was fixed.
A) intact seed, B) decoated seed. Letters indicate significant difference at p<0.05
according to DMRT
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Fig. 5. Effect of NO donor SNP on chlorophyll content of rubber seedlings after three months
from transplanting, when the factor 2 (seed coat treatment) was fixed. A) intact seed, B)
decoated seed. Letters indicate significant difference at p<0.05 according to DMRT.
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Fig. 6. Effect of seed coat removal on chlorophyll content of rubber seedlings after three
months from transplanting, when the factor 1 (soaking treatment with SNP) was fixed.
A) intact seed, B) decoated seed. Letters indicate significant difference at p<0.05
according to DMRT
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Shoot characteristics viz., stem height,
stem diameter and leaf area significantly
increased  with  SNP  treatment,
especially at 100 uM, as compared to
control and mock treatment (Table 1).
Nevertheless, there was no significant
difference in stem height, stem diameter,
number of leaves and leaf area between
seedlings derived from decoated seeds
and intact seeds (Table 2). Tallest plants
were produced when seedlings were
derived from seeds treated with SNP at
200 pM (Table 1).

Interaction effects were not observed for
any of the root attributes between seed
coat treatment and soaking treatments
with SNP (Table 3 & 4). All the
concentrations of SNP (20-200pM)
resulted in increase in root attributes of
rubber seedlings viz., dry weights of
early secondary roots (ESR) +
secondary roots (SR), tap root and total
roots as compared to control and mock
treatment (Table 3).

Table 1. Effect of seed treatment with NO donor SNP on shoot characteristics of rubber
seedlings after three months from transplanting into polybags

Treatment Stem height Stem diameter  No. of leaves Lea{ area
(cm/plant) (mm/plant) (per plant) (cm’/plant)

Control 6536+ 1.18° 8.07 +0.07° 9.8 +0.44° 888.55 +20.75°
water soaked  66.86 + 1.13% 7.88 +0.14 9.8 +0.36" 921.71 + 16.67™
20 (M SNP  68.86 + 1.11° 8.61+0.16° 9.8 +0.36" 977.66 + 19.21°
50 UM SNP  69.72 + 0.83° 8.75+0.12° 10.1+0.46"  963.89 + 19.63™
100 uM SNP  73.01 + 1.54° 10.63 +0.31° 10.0+ 021"  1260.68 + 14.88"
200 uM SNP  84.31 + 1.82° 8.44 +0.19™ 9.6 +0.43° 980.09 + 33.37°

Values followed by the same letter in a column are not significantly different at p<0.05.

Table 2. Effect of seed coat removal on shoot characteristics of rubber seedlings after three
months from transplanting into polybags

Stem height SFem No. of Leaf area
Treatment (cm/plant) diameter leaves (cmz /plant)
P (mm/plant) (per plant) P
Intact seeds 68.99+1.24" 8.50+0.15° 10.140.16° 1018.85+24.22°
Decoated seeds 73.73£1.35% 8.96+0.21° 9.6+0.25% 978.68+30.91"

Values followed by the same letter in a column are not significantly different at p<0.05.
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Table 3. Effect of seed treatment with NO donor SNP on root characteristics of rubber
seedlings after three months from transplanting into polybags

Treatment DW of ESR+SR DW of taproot DW of total roots
(g/plant) (g/plant) (g/plant)

Control 1.18+0.03¢ 2.50+0.07° 3.69+0.08°

Water soaked 1.26+0.05° 2.64+0.07° 3.90+0.08*

Soaked in 20uM SNP 1.48+.05° 2.86+0.07° 4.35+.08°

Soaked in 50puM SNP 1.54+0.03" 3.10+£0.07" 4.65+0.08"

Soaked in 100uM SNP  2.02+0.08" 4.29+0.08° 6.3120.12°

Soaked in 200uM SNP  1.44+0.08" 3.15+0.09" 4.60+0.10™

Values followed by the same letter in a column are not significantly different at p<0.05

according to DMRT.

Table 4. Effect of seed coat treatment on root characteristics of rubber seedlings after three
months from transplanting into polybags

Treatment DW of ESR+ SR DW of taproot DW of total roots
(g/plant) (g/plant) (g/plant)

Intact seeds 1.45+0.05" 3.03+£0.11° 4.49+0.16"

Decoated seeds 1.52+0.05% 3.15+0.11° 4.68+0.16"

Values followed by the same letter in a column are not significantly different at p<0.05

according to DMRT.

Budded plant attributes

There was no effect of SNP or seed coat
treatment on budgrafting success. The
budgrafting success was 80-85% in all
cases, including the control. Interactive
effects were not observed for any of the
parameters viz., diameter of the scion
shoot, length of the scion shoot, leaf

area and chlorophyll content of the
leaves between seed coat treatment and
SNP treatment (Table 5 & 6).
Nevertheless, growth characteristics of
the scion shoots of stock plants derived
from seeds with SNP treatment,
especially at 20uM, were relatively
better though statistically not significant.
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Table 5. Effect of seed treatment with NO donor SNP on scion shoot characteristics of budded

rubber plants
Treatment Shoot Shoot length  Leaf area (cm”*  Chlorophyll
diameter (cm/plant) /plant) content
(mm/plant) (SPAD value)
Control 513+0.18°  21.08+0.73° 204.48+19.59° 40.73 +2.03"
Water soaked 569+028" 2675+ 1.84° 157.37+23.72° 4455+ 1.68%"
Soaked in 20uM SNP  5.84 £ 0.31° 27.36+2.74" 229.68 +48.67" 45.23+ 161"
Soaked in 5S0uM SNP  5.74 £0.25" 24.73+2.53" 164.11 £28.65" 40.81 + 1.59
Soaked in 100pM SNP  5.44 £0.25"° 21.47+1.61" 209.33 £42.15" 42.61 + 1.65%
Soaked in 200uM SNP  5.62+0.35" 2223+1.68" 183.13+32.93" 46.27+1.05"

Values followed by the same letter in a column are not significantly different at p<0.05

according to DMRT.

Table 6. Effect of seed coat treatment on scion shoot characteristics of budded rubber plants

Treatment Shoot Shoot length  Leaf area Chlorophyll content
diameter (cm) (cmz) (SPAD value)
(mm)
Intact seeds 554+0.16" 24.77+1.31° 172.43+17.80" 42.74+091°
Decoated seeds  5.62+0.16" 23.14+1.05"° 210.27+2046" 43.99+1.07°

Values followed by the same letter in a column are not significantly different at p<0.05

according to DMRT.

DISCUSSION

Seed germination is temporally defined
as the sequence of molecular and
physiological events initiated upon
imbibition in non-dormant seeds
leading to the radicle protrusion through
the seed external envelopes (testa and
endosperm) that marks the end of
germination (Bewley, 1997).
Germination ability is regulated by a
combination of environmental and
endogenous  signals  with  both
synergistic and antagonistic effects. The
ABA/gibberellins (GAs)  balance
coordinates the last step of germination

with a decrease in ABA leading to a
progressive release of its inhibitory
effect on endosperm rupture while
increase in bioactive GAs levels and
enhancing the growth potential of the
embryo and inducing hydrolytic
enzymes that weaken the barrier tissues
(Arc et al., 2013).

Nitric oxide (NO) is an uncharged,
gaseous and lipophilic free radical that
can readily diffuse across biological
membranes. Thus, NO can interact with
numerous distinct molecules in plant
cells and then acts as a signaling
element (Beligni and Lamattina, 2000).
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NO is a potent dormancy releasing
agent in many species, including
Arabidopsis, and has been suggested to
behave as an endogenous regulator of
this physiological blockage (Arc et al.,
2013).

Rubber seeds have not been tested for
their response to NO but only for seed
coat removal. Data presented in this
study, for the first time, demonstrated
that exogenous NO donor SNP elicited
a significant enhancement in
germination as compared to the control
in both decoated and intact seeds. NO
has been shown to act as a germination
promoter and enhance the germination
responsive genes to improve the
germination in wheat (Hua et al., 2003).
Exogenous SNP has been reported to
improve germination of rice seeds under
salt stressed condition (Habib et al,
2010). Seed pre-incubation (priming)
with SNP (redox priming) was also
shown to increase salt stress tolerance in
wheat (Duan et al, 2007). NO also
enhances the seed vigor index under
abiotic stress by enhancing
germination promoting proteins (Duan
et al., 2007). NO has been shown to
break seed dormancy in Arabidopsis
and barley (Hordeum vulgare L.)
(Bethke et al., 2006b) suggesting that
NO is an endogenous regulator of seed
germination in these two species.

ABA inhibition of seed germination in
many species is well established (Arc et
al., 2013). ABA and NO are
antagonistic for seed germination
(Bethke et al. 2004). NO donor SNP
enhanced the positive effect of

norfluorazon, an ABA  synthesis
inhibitor, on dormancy release of
Arabidopsis C24 seeds (Bethke et al.,
2006a). Moreover, SNP was shown to
reduce seed sensitivity to exogenous
ABA (Bethke et al., 2006b). Liu et al.
(2009)  demonstrate  that rapidly
accumulated NO induces an equally
rapid ABA decrease that is required for
the breaking of seed dormancy and
germination in Arabidopsis. While ABA
determines seed dormancy and inhibits
seed from germination, GAs are
necessary for seed germination (Liu et
al., 2009). Through its antagonistic
effects with ABA, GAs are able to
release seeds from dormancy. NO was
proposed to act downstream of H,O, in
enhancing GA biosynthesis (Liu et al.,
2009). Considering the previous studies,
results of the present study postulate
that exogenous NO donor SNP can
antagonize ABA activity but promotes
GAs activity in rubber seeds and
thereby hastened  germination and
increase percentage germination in a
dose dependent manner.

The present study revealed that
decoating (complete removal of seed
coat) resulted in significant promotion
of rate and final germination of rubber
seeds regardless of SNP treatment.
Mock treated seeds (decoated seeds
soaked in water) also showed an
enhanced germination as compared to
decoated seeds alone. Since the coat is
thick and hard in rubber seeds,
decoating apparently relieved any
mechanical restraint and/or barriers to
gas exchange and water imbibition and
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thereby hastened a  synchronous
germination. According to Filho (2005),
seed coat regulates the seed imbibition
speed, controls gas exchange, causes
dormancy, prevent seed deterioration
and acting as a Dbarrier to
microorganisms entry.

Rawat et al. (1998) demonstrated that
the seed coat was very much hard and
thick in Q. serrata and therefore
inhibited the rate of seed germination.
Seed coat removal increased the
emergence rate of several citrus
rootstocks by 30-100% (Radhamani et
al., 1991). The presence of the seed coat
in citrus also works as a mechanical
barrier to root development during
germination because of the reduction in
oxygen and carbon dioxide diffusion
and seed imbibition (Girardi et al,
2007). Seed coat removal allowed plant
emergence about one week earlier than
coated seeds, leading to 25% higher
scion and root dry weight for both
rootstocks (Rangpur lime and Swingle
citrumelo) (Girardi ef al., 2007).

There is a correlation between seed coat
thickness and germination rate. The
thicker the seed coat, the greater the
relative increase in plant emergence
after seed coat removal. Seed coat
external texture also influences plant
germination. Therefore, smooth seed
coats usually correspond to fast-
germinating species (Girardi et al,
2007). Although external seed coat
removal is a labor-intensive activity,
this procedure may increase seedling
emergence and improve plant quality
(Sempionato et al, 1997). Since the

seed coat of rubber is thick, it is
amenable to mechanical removal and
hence automation of seed coat removal
needs to be investigated as a practical
solution for large scale nurseries.

Growth of the rubber seedlings derived
from SNP treated seeds, especially at
100 pM, was improved as compared to
those derived from control and mock
treated seeds when both decoated and
intact seeds were used after three
months  from transplanting into
polybags. Interaction effects were
observed between seed soaking
treatments with SNP at least for shoot
dry weight and chlorophyll contents of
leaves. Leaf area increased with SNP
pretreatment in a dose dependent
manner. Studies conducted during the
induction of diverse plant responses
have demonstrated that NO may also
affect biosynthesis, catabolism/
conjugation,  transport,  perception,
and/or transduction of almost all the
phytohormones, i.e. auxins, gibberellins,
cytokinins, abscisic acid, ethylene,
salicylic ~ acid, jasmonates, and
brassinosteroids (Mur et al., 2012). NO
is known to enhance de-etiolation and
promote greening in young seedlings
(Beligni and Lamattina, 2000). Chohan
et al. (2012) demonstrated that in chick
pea seedlings, leaf areas increased with
exogenous SNP as a NO donor. Further,
SNP treatment enhanced the
accumulation of total dry matter content
and partitioning towards different plant
parts in chick pea. This could be due to
the cumulative effect of SNP through
the regulation of cell division, xylem
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differentiation and exo-and endo-B-D-
glucanase in the cell wall (Zhang et al.,
2003).

Root dry weights also increased
significantly at 50-100 puM SNP.
Synergistic effects of auxin and NO
have been observed during the
regulation of a series of plant responses,
including the interplay between these
molecules during adventitious root
formation (Pagnussat et al., 2002) and
lateral root development (Correa-
Aragunde et al, 2004). Improved
germination dynamics and growth
characteristics of rubber seedlings could
be attributed to the beneficial effect of
SNP as a NO donor in modifying
phytohormone signalling pathways and
thereby increasing nutrient uptake and
effective allocation of photoassimilates.
Further research is needed to determine
the NO accumulation in germinating
rubber seeds. The practicality of
decoating treatment under commercial
scale nursery conditions is also required
to be explored. Abiotic stress tolerance
capacity of rubber plants derived from

NO treated seeds should also be
investigated.
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