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Plant population growth and persistence are strongly
influenced by germination and recruitment, which can
be dramatically affected by seed dormancy. Generally,
pre-sowing weakens physical dormancy and initiates
seed germination, but Withania somnifera seeds are an
exception in this case. The basic objective of this study
was to develop an alternate protocol to break the
physical dormancy in W. somnifera seeds using deoxy-
cholic acid capped silver nanoparticles (AgNPs). For
this, high surface reactive silver nanoparticles were
synthesized using sodium deoxycholic acid (NaDC) as
a reducing agent (NaDC-AgNPs). Seed sets were con-
currently soaked with NaDC-AgNPs (20 ppm), and
sodium deoxycholate (20 ppm), gibberellic acid (GAj;;
20 ppm) and water as control for different durations
(20, 30, 60 and 90 min). Germination was initiated un-
der tissue culture conditions. NaDC-AgNPs-treated
seeds showed uniform germination quality of the
highest order and increased total germination percen-
tage (TGP) in short time; it was about 93.3% on the
fifth day of culture. GA; and NaDC-treated seeds
showed TGP of 36.6 and 63.33 at the 15th day of cul-
ture respectively. NaDC-AgNPs-treated seedlings
showed enhanced growth by fresh weight (31.33 mg),
radicle length (16.88 mm) and cotyledon length
(8.21 mm) compared to control. SEM analysis of seeds
showed clear evidence of scarification effects over
NaDC-AgNPs-treated seeds. Thus NaDC—-AgNPs in-
itiated early germination response in Withania seeds
by breaking the physical dormancy with the highest
TGP.

Keywords: Germination enhancer, nano-agriculture,
sodium deoxycholate, seed dormancy breaking, silver
nanoparticles.

TRADITIONALLY, herbs play an important role in healing;
sometimes they are considered as a special category of
plants, i.e. those particularly valued for their medicinal,
savory or aromatic qualities'. Withania somnifera (L.)
Dunal (family Solanceae) plant is an important herb in
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Ayurveda, the traditional Indian system of medicine. It
stimulates the immune system and improves the memory.
It also has some potential effects like anti-tumour, anti-
inflammation and anti-stress. Some indigenous people of
South Africa use this plant for the treatment of sexually
transmitted infections, asthma and also as an anti-inflam-
matory agent™’. Traditionally, W. somnifera is propagated
through seeds, but the mature and healthy seeds are not
always available for germination. The viability period of
the seeds is very short and their germination is also
poor*>. The percentage of germination also is low due to
the presence of certain inhibitory compounds in the fruit®.
The reported maximum germination rate was low at
48%’. To meet the growing demand from the pharma-
ceutical industry and traditional medicine, it is necessary
to multiply this species by adopting in vitro techniques.
Through seed dormancy, progression of the embryo into a
seedling or plantlet is arrested. This process plays a vital
role in the plant life cycle by allowing progeny to survive
in adverse environmental conditions and to coordinate
their growth with the most favourable conditions. In do-
mesticated crops, this is barely necessary and has been
eliminated by breeding®. The seed coat is a major deter-
minant of dormancy, particularly in species with seed
coat-imposed dormancy in which the embryo is physical-
ly constrained from developing further. This differs from
embryo dormancy, where the embryos of certain species
are dormant. Due to critical interplay between seed coat
and embryo in some species’, the seeds will not germi-
nate irrespective of the treatments; this phenomenon is
known as complete or innate dormancy'’. In some other
species, biochemical block is incomplete and seeds will
germinate over a narrow range of environmental condi-
tions, this pattern is called conditional or relative dor-
mancy”®.

Two major causes for unsuccessful seed germination
are hard seed coat (physical) and dormant seed embryo
(embryonic). Physical dormancy is due to the presence of
3-5 layers of thick-walled endosperm cells and thick testa,
which prevent the entry of water into the embryo; this is
also called primary dormancy''. Physical dormancy was
observed in freshly collected seeds of Solanaceae species,

CURRENT SCIENCE, VOL. 116, NO. 6, 25 MARCH 2019



RESEARCH ARTICLES

including W. somnifera. The physical dormancy is nor-
mally overcome by weakening the seed coat using chemi-
cal treatment, temperature shock, seed scarification and
stratification'>"*. Several protocols (duration and com-
pounds) were standardized to break the hard seed coat
dormancy'’. However, these first generation dormancy
breaking techniques were critical for key success due to
damage of seeds or failure to break dormancy. These
were the results of excessive or insufficient treatment re-
spectively. Finding a superior way to break seed dormancy
and simultaneously increasing the germination capability
have been enforced in sustainable agriculture.

Currently, the discipline of nanoscience is growing
rapidly with widespread applications in several fields.
The use of nanoparticles (NPs) in the field of agriculture
is gaining attention, especially in the controlled release of
agrochemicals, efficient nutrient utilization and enhanced
plant growth'®. Significantly, researchers have already
studied the effects of nanomaterials on plant germination
and growth but not dormancy breaking'’'°. Silver nano-
particles (AgNPs) due to their unique properties such as
high specific surface area, catalytic efficiency, surface
energy, abundant reactive sites and strong adsorption,
may have significant effects on many organisms, espe-
cially plants which are an essential base component of all
ecosystems™. The catalytic activity has been proved by
the increased degradation of starch and amylase enzyme
activity in the presence of the former*'. AgNPs also exhi-
bit proven photocatalytic activities™.

Sodium deoxycholate (NaDC) is one of the two major
bile salts produced by the mammalian liver, where it is
synthesized from cholesterol. The characteristic feature
of mammalian bile acid deoxycholate is a potential emul-
sifier, which is also traditionally practiced for seed ger-
mination by the source of cow dung”. However, it is
assumed that the presence of bile salts in cow dung helps
to break the seed coat and makes permeable to water and

Figure 1.
fruits.

Withania somnifera shadow-dried seeds obtained from
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gas which is necessary for germination. Sodium deoxy-
cholate, the sodium salt of deoxy cholic acid, is often
used as a biological detergent in lysis cells, and to solu-
bilize cellular and membrane compounds. Here, we de-
velop a new methodology to treat Withania seeds using
sodium deoxycholate-synthesized silver nanoparticles in
order to break physical dormancy and enhance seed
germination.

Materials and methods
Chemicals

Silver nitrate (99.99%) and sodium deoxycholate (MW
414.55) were purchased from Sigma-Aldrich. Hormone
gibberellic acid (GAj), sodium hypochlorite (NaOCl) and
filter papers were obtained from Himedia Laboratories.
Other fine chemicals and reagents used in the experiment
were obtained from Sisco Laboratories. Glassware were
purchased from Borosil. All glassware were thoroughly
cleaned with aqua regia (HCl: HNO; = 3: 1), rinsed with
ultrapure water (Milli-Q), and dried in a hot-air oven
prior to use.

Synthesis of nanoparticles

Sodium deoxycholate salt was used to prepare the re-
quired molar concentration of solution at pH 6.0 in
double-distilled water. The colloidal silver nanoparticles
used were sodium cholate-stabilized silver nanoparticles
(NaDC—AgNPs), prepared by the reduction of silver salt
(silver nitrate) with sodium deoxycholate as reported ear-
lier**. The obtained NaDC—AgNPs colloidal solution was
characterized by UV-visible spectrophotometer (UV-
1601 spectrophotometer, Shimadzu, Japan) and high-
resolution transmission electron microscopy (HRTEM,
FEI TECHNAI, G2 MODEL T-30 S-TWIN) for confir-
mation.

Seed materials and culture plates

Withania seeds used in the experiment were harvested
from their natural populations in and around Palani hills
(10°12'N 77°28'E), Tamil Nadu, South India. The seeds
were removed from the berries, air-dried and stored in
paper bags in the temperature range 15-25°C (Figure 1).
Various trials were conducted three weeks after collec-
tion. Only mature seeds were used in the experiments.
The seeds were pale brown in colour and kidney-shaped.
They were washed under running tap water for 30 min
continuously and then a few drops of TWEEN-20
(polyoxy-ethylene-sorbitan monolaurate) were added.
Subsequently, the seeds were surface-sterilized with
2.0% NaOClI solution for 10 min to prevent microbial
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Figure 2. a, Synthesized sodium deoxycholic acid (NaDC) capped silver nanoparticles in colloidal solution. b, UV-Vis absorption spectra for

NaDC-silver nanoparticles (AgNPs) showing A, at 420 nm. ¢, Transmission electron photomicrograph of NaDC—AgNPs (scale bar = 100 nm).

Figure 3.

contamination. The sterilized seeds were stored in steri-
lized vials until further studies. Seed viability test was al-
so performed to ensure that the seeds used for the
experiment were viable and of high quality; the sample
group was subjected to viability using tetrazolium tech-
nique®. Petri plates were initially washed with a deter-
gent solution and then soaked in aqua regia for 30 min
and rinsed with distilled water thrice. The plates were air-
dried and wiped with 70% ethanol and kept in a hot-air
oven for 30 min for dry heat sterilization. Filter paper
discs were placed inside the petri plates which were then
autoclaved at 121°C for 15 min.

In vitro germination study

In vitro germination trials were conducted in 9 cm diameter
sterile petri dishes lined with filter paper and moistened
with sterile distilled water to ensure adequate moisture
for the seeds. Seed treatments included 1 ml solution of
NaDC (20 ppm), GA; (20 ppm), NaDC—-AgNPs (~20 ppm)
and double-distilled water (ddH,O) at different time dura-
tions (20, 30, 60 and 90 min). Treatments were performed
inside the laminar air hood chamber under light irradia-
tion. All the treatments were conducted in a completely
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Petri dishes showing germination status of seeds treated with (a) water, (b) gibberellic acid (GA;), (¢) NaDC and (d) NaDC-AgNPs.

randomized design. Immediately after treatment the seeds
were carefully placed in petri dishes using sterile pipette
tips. Then the plates were sealed with microfilm and kept
under 16 h light and 8 h dark condition provided by cool
white fluorescent lamps at 25° + 2°C. Each treatment in-
cludes three replications (10 seeds each) and the experi-
ment was repeated twice. The moisture level of the filter
paper was maintained by adding sterile ddH,O as re-
quired. Seeds were examined daily and considered as
germinated when the radicle was visible. The first germi-
nation was observed on the fifth day and final germination
on the 15th day. At the end of the trials, growth parame-
ters such as germination percentage, speed of germina-
tion, seedling fresh weight, radicle length and cotyledon
length were subjected to analysis by mean separation and
Duncan’s multiple range test (DMRT) at P = 0.05 using
the SPSS software (SPSS, v. 11, Chicago, IL, USA).
Graphs were plotted using OriginPro8 (originlab.com).

Scanning electron microscopic analysis

The seeds treated with four different solutions were sub-
jected to surface morphology analysis using scanning
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electron microscopy (SEM). All seed samples were fixed
in mixture of fixing solution (formaldehyde (40%)-acetic
acid-ethanol (70%), 90 : 5 : 5), then dehydrated with an
increasing series of acetone, and dried up to a critical
point (Denton vacuum DCP-1 critical point drying appa-
ratus). Later they were covered with gold—palladium by
sputtering (Dentum vacuum desk II) and finally observed
under SEM (JEOL 5800 LV).

Acclimatization of AgNPs-treated plants

Acclimatization is the significant process where in vitro
cultured plants maintain their adaptation to the outer
environment. The laboratory-grown plants of W. somni-
fera were acclimatized in the soil for survival or field
test. Seedlings with 2 cm primary root and two cotyledon
leaves were carefully taken out from the petri plates and
transplanted in sterilized soil and sand mixture (3:1).
Small holes were made in each plastic bag to maintain
high humidity and the bags were kept in culture room for
acclimatization. After about 30 days, the plants were
transferred to bigger pots in the greenhouse and main-
tained under natural conditions of day length, temperature
and humidity. Finally, the plants were transferred to field
conditions.

Results and discussion

NaDC-AgNPs

The synthesized NaDC—AgNPs colloidal solution was yel-
low in colour, corresponding to silver nanoparticles and
their surface plasmonic resonance (Figure 2 a). The UV—
Vis absorbance spectra (Figure 2 b) of the synthesized
NaDC-AgNPs also confirmed particle synthesis in the
solution that gave maximum absorbance spectra at
420 nm, which is universal for silver nanoparticles. The
synthesized particles were observed to be nearly spherical
in shape with average size of 22 nm in diameter in elec-
tron microscopy image (Figure 2 c¢). This wet chemistry
synthesis method yielded NaDC—-AgNPs concentration of
~0.02 mg (20 ppm) in 1 ml solution. The synthesized
nanoparticles were stable for 7-9 months under room
temperature and when stored in a dark place.

Seed germination study

Seed germination was observed by the emergence of
primary root (radicle) from the micropyle region of the
seed. Experimental results showed that treatment of seeds
with NaDC—-AgNPs had significantly better effect than
treatments with NaDC, GAj; and water (Figures 3-5).
Different time incubation periods (20, 30, 60 and 90 min)
with test solutions showed good impact on germination
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rate. Seeds treated with water induced no germination and
the rate of germination was zero till the last day (15th) of
culture (Figures 3 a, 4 and 5). The seeds treated with GA;
induced little response in germination at the 60 and
90 min treatment time. Poor germination percentage
(23.3-36.6) was achieved by GA; on the 13th day of cul-
ture in petri dishes (Figures 3 b, 4 and 5). NaDC-treated
seeds showed gradual improvement in the rate of
germination (0—63.3%) at increased treatment time (Fig-
ures 3¢, 4 and 5). The mean germination days also re-
duced from 15 to 8 at 90 min treatment. Moreover,
significantly and surprisingly, seeds soaked with NaDC—
AgNPs recorded higher TGP (93.3) in 90 min treatment
on the fifth day of culture in petri dishes (Figures 3 d, 4
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Figure 4. Bar graph showing cumulative germination rate (%) of
treated seeds versus treatment time with water, GA;, NaDC and NaDC—
AgNPs. The data represent mean = SD values and the bar diagram
represents a percentage of total germination with standard error values.
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Figure 5. Graph showing mean germination time (days) of treated
seeds versus treatment time with water, GA3;, NaDC and NaDC-
AgNPs. The data represent mean £ SD values and the bar diagram
represents germination days with standard error values.
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Table 1. Effect of water (control), gibberellic acid (GA;), sodium deoxycholic acid (NaDC), NaDC—
silver nanoparticles (AgNPs) treatments on Withania seedling growth after 15 days of sowing

Seedling fresh Radicle length Cotyledon

Treated in solution weight (mg) (mm) length (mm)

Water 0* 0* 0*

GA; 22.61° 13.2° 5.89"

NaDC 23.43 13.77° 6.04°

NaDC-AgNPs 31.33% 16.88" 8.21°

*0, No response. Data collected from three separate experiments each containing 10 seeds per petri plate.
Mean values within the column with the same superscript are not significantly different (P <0.05;

Duncan’s New Multiple Range Test).

Figure 6.
AgNPs treated.

and 5). Similarly, lower soaking time (20, 30 and 60 min)
also resulted in optimum germination percentage (14-66),
which was higher than the other treatments. Compared
with NaDC treatment, NaDC—AgNPs resulted in twofold
enhanced germination and growth of seedlings. Thus,
90 min duration is found to be effective for enhancing
early germination and increased rate of germination for
both NaDC and NaDC—AgNPs.

The GAj-treated seedlings that emerged after the 15th
day showed optimum growth such as seedling fresh
weight (22.61 mg), radicle length (13.2 mm) and cotyle-
don length (5.89 mm). NaDC-treated seedlings after the
15th day showed enhanced growth, which was more than
GA;-treated seedlings —23.43 mg of fresh seedling
weight, 13.77 mm radicle length and 6.06 mm cotyledon
length. NaDC-capped AgNPs-treated seeds showed effec-
tive response to growth of seedlings — fresh weight
(31.33 mg), radicle length (16.88 mm) and cotyledon
length (8.21 mm). Then the results indicate that seed
dormancy exhibited W. somnifera is entirely due to phys-
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Scanning electron microscopic images of Withania seeds: (a) Control treated and (b) NaDC—

ical dormancy, where treatment with NaDC-capped
AgNPs at 90 min is sufficient to overcome the dormancy
in an effective way.

SEM analysis of treated seeds

With respect to different seed treatments, only NaDC-
capped AgNPs were found to alter the surface texture of
seed coat (testa). Figure 6a and b shows the control-
treated and NaDC-capped AgNPs-treated seed surface
morphology respectively. The seed coat is normally hard
and water-resistant. However, seeds treated with NaDC—
AgNPs had ruptured seed coat, which is similar to the
physical method called scarification. The micropyle
region in the seed coat was also found ruptured in SEM
analysis. Thus, water can reach the embryo and initiate
germination. Seeds of other treatments showed no evi-
dence of seed coat alteration. Possibly NaDC alone serves
as an effective agent in dormancy breaking without seed
coat alteration.

CURRENT SCIENCE, VOL. 116, NO. 6, 25 MARCH 2019



RESEARCH ARTICLES

l-»--»-

Control treated
(NaDC, GA, and water)

Inoculated and culture maintained

in tissue culture chamber

a4
~ e~ N

NaDC-AgNPs treated

Figure 7.
Discussion

An earlier study found that GA; promoted growth and
proved successful in breaking the dormancy®. It func-
tions by promoting induction of cell hydrolase and en-
dosperm weakening which is the main cause of dormancy
in the Solanaceous family and W. somnifera'?. Seed dor-
mancy of ashwagandha has been overcome by treating
the seeds with KNO; (1%) for about 6 h followed by GA;
treatment that recorded a germination rate of 78% (ref.
15). No earlier study has reported germination rate above
80%. Only NaDC-capped AgNPs were able to attain 93%
success rate in dormancy breaking of Withania and ash-
wagandha seeds.

Sodium deoxycholate is often used as a biological
detergent for lysis cells and to solubilize cellular and
membrane compounds®®. Hence, this surfactant is able to
solubilize the seed coat, thus allowing water to penetrate
inside the seed. Cholic acid is a primary bile acid present
in animal faeces. Plants in fecal seeded plots reported
having a greater growth size’’. Nanoparticles by them-
selves do not confer specific binding to biological targets,
which is a prerequisite for their use in a biological
framework. This means that the particles have to be
coupled to biomolecules that harbour such specificities.
In the case of silver nanoparticles, it has some proven
properties of binding specificity with biological systems.
Silver nanoparticles due to their unique properties such as
high specific surface area, catalytic efficiency, surface
energy, abundant reactive sites and strong adsorption may
have significant effects on many organisms®'. Their cata-
lytic activity has also proven in the degradation of starch
along with the amylase enzyme. The findings of the
present study are much correlated with previous studies.
In this study, silver nanoparticles have shown synergistic
effects on seeds, which resulted in the scarification of
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Scheme of nanoparticles-assisted seed dormancy breaking and enhanced germination.

seed coat. The AgNPs along with sodium cholate surfac-
tant ruptured the seed coat of Withania seeds and made it
permeable for moisture to enter the micropylar region,
thereby breaking its dormancy and successfully initiating
early germination. SEM analysis confirmed that AgNPs-
treated seeds had ruptured testa and micropyle region.
This led to early germination of Withania seeds in order
to achieve higher germination rate with better seedling
growth. Figure 7 illustrates the research scheme followed
in this study.

Conclusion

Plant population have strongly influenced by their germi-
nation efficiency, which can be greatly affected by seed
dormancy. In the case of W. somnifera, a highly valuable
medicinal plant, due to seed dormancy it could not meet
the demands of traditional medicine practice. Dormancy
in Withania seeds can be overcome when the seed coat
weakens or the embryo increases in growth potential, or a
combination of both. Treatment of W. somnifera seeds
with NaDC—capped AgNPs for 90 min resulted in germi-
nation percentage that was considerably higher than the
control during the entire culture period; it effectively
reached 93%. Nitrates and gibberellins have been widely
used to overcome seed dormancy, but they produced low-
er rate of germination®. Immersion of W. somnifera
seeds in GAj; initiated germination after 15 days with
germination percentage of 60% (ref. 29) whereas early
germination was recorded with NaDC—capped AgNPs
treatment which initiated germination within 5 days. The
capping agent of sodium deoxycholate alone also served
as a good inducer for breaking dormancy in Withania
seeds, which also scored higher germination percentage
than GAj;. It can be concluded that NaDC is a known
strong surfactant that can easily solubilize compounds
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present in the seed coat. Silver nanoparticles act as a
powerful catalyst that can complex with biological enti-
ties such as seed coat which might be the result of seed
invigoration. However, seed treated both NaDC and
silver in combined form (NaDC—-AgNPs), could be a bet-
ter solution that addresses physical dormancy problems in
other valuable seed materials. The dormancy of W. somni-
fera seeds is due to its hard seed coat. In acclimatization
conditions, seedlings treated with NaDC capped AgNPs
were observed healthy with enhanced growth. This ap-
proach of using silver nanoparticles for breaking seed
dormancy can be easily followed in plant nursery.
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