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The forest environment represents a unique ecosystem for medicinal plants and provides

congenial growth and development conditions. Overexploitation of these medicinal flora

has negatively affected biodiversity in these areas; some of the important plant species

are facing local extinction. Seed is the essential source of regeneration in forests that

demands specific growing conditions. Thus, understanding seeds can be linked to

conserving forests and their resources. Medicinal plants’ seeds degrade fast and lose

their viability after a fewmonths of harvests and storage. In protecting the genetic integrity

of stored samples, seed viability must be retained for prolonged periods. The study

deals with the influence of different seed packaging/storage materials (polythene bags,

jute bags, cloth bags, aluminum foil, unburned earthen pot, and burned earthen-pots),

storage duration (1, 6, and 12 months), and temperature (room, 4◦C temperature)

on seed germination and biochemical activities of seven medicinal plant species viz.

Abelmoschus moschatus, Andrographis paniculata, Bixa orellana, Ocimum basilicum,

Plumbago zeylanica, Psoralea corylifolia, andWithania somnifera. The germination ability

of A. moschatus was maximum when stored in polythene bags, while unburned earthen

pots favored the germination of W. somnifera. Out of seven species studied, seeds of

four species showed maximum germination ability when stored at room temperature

while a low-temperature environment was beneficial for another 3 species studied.

The mean difference in total phenolic and flavonoid content was 4.69 and 8.38%

higher, respectively, in low temperature than room temperature conditions. This study

concluded that species-specific requirement of storage materials with adjustment of

storage duration and temperature for higher germination and longer seed viability in

medicinal plant species. Experiments using more medicinal plant species would be

essential to test such potential effects of storage material, storage duration, temperature,

and via changes in seed germination and biochemical activities; our findings provide

important insights that can help to guide management plans that aim to preserve seeds

of important medicinal plant species for a longer period.
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INTRODUCTION

Forests are home to a majority of medicinal plants. However,
human-induced biodiversity losses affect medicinal plants
occurring in the natural habitats (Sharma et al., 2018; Perinchery,
2020). Seeds are an essential component required for plant
propagation, but due to the overexploitation of valued medicinal
plants, many medicinal plants have vanished from their natural
sources. As seeds of medicinal plants degrade fast during storage
and packaging, understanding the impact of the same on seeds
during storage and the suitability of different packaging materials
seems critical. Medicinal plants have been used for therapeutic
purposes since the dawn of humankind and are indispensable for
human wellbeing as they play a significant role in human welfare.
These plants enable building a bridge between differentmedicinal
systems and provide a better way to cure even a complicated
pandemic such as COVID 19 (Benarba and Pandiella, 2020)
besides being helpful in common health problems. More than
80% of people worldwide rely on the plant-based medicines
(Ekor, 2013) and utilize∼3,50,000 plant species as medicines and
food supplements (Joppa et al., 2011). The high cost of allopathic
treatments and their side effects have led to increased emphasis
on plant medicines.

Notwithstanding, our changing lifestyle and altering food
habits are causing stress, anxiety, and allergies to our body,
resulting in a paradigm shift to traditional health systems.
Globally, the herbal medicine market was valued at USD 71.19
billion in 2016, and it is expected to reach USD 44.6 billion by
2024 (MRR, 2017), which also indicates people’s interest in herbal
products. It has opened new vistas to cultivate valued medicinal
plants for domestic and commercial use (Biswas, 2010; Chandra,
2020). However, the limited availability of quality seeds to grow
medicinal plants restricts these plants’ large-scale cultivation and
incurs a high cost.

Seed quality is essential for producing and conserving the
genetic resources of medicinal plants (Pradhan and Badola,
2012). Seeds of medicinal plants degrade faster and lose their
viability after a fewmonths of harvests and storage, and therefore,
the high economic loss is reported when aged and stored
(Tiwari and Das, 2014). In a study, Himangini and Thakur
(2018) found a significantly lower germination percentage in
seeds of Withania somnifera stored for 2 months. To protect
the genetic integrity of stored samples, seed viability must be
retained for a prolonged period. Since the beginning, simple
techniques have been used to maintain seed viability in wild and
domesticated sources (Roberts, 1973; Vertucci and Roos, 1990;
Pradhan and Badola, 2008). Since farmers use these seeds in the
next growing season, it is required to store them appropriately
to avoid low germination because of the variation in the storage
environment. Low seed germination, seed degradation, and
loss of viability are all-natural phenomena that occur during
storage when using improper storage conditions, such as room
temperature (Schmidt, 2000) and moisture Afzal et al., 2020.
Afzal et al. (2020) reported that moisture condition during
storage of Moringa oleifera seeds is a major factor in their
deterioration and suggested seed storage in hermetically sealed
superbags at 8% of seed moisture content. Several factors, include

temperature, seed nature, seed moisture content, and relative
influence on seed longevity and viability during storage (Roberts,
1972b; Gordon, 1992; Yang et al., 2005; Pradhan and Badola,
2008). Manna et al. (2020) have observed a better germination
percentage in onion seeds when stored in cold storage and glass
containers. Juhari and Petersen (2018) suggested that storage of
Hibiscus sabdariffa L. seeds under flushed nitrogen and darkness
can improve germination percentage upto 3 months. In a study
on Desmodium gangeticum, Gayathri and Kanakamany (2018)
observed that seed storage at 8% moisture level, packed in
polythene bags, and kept in a refrigerated environment ensures
higher germination. Furthermore, the occurrence of genetic
damage in the surviving seeds is closely related to the loss
of seed viability during storage (Ellis and Roberts, 1981; Rao
et al., 1987). The main factors influencing the aforementioned
relationship are seed moisture content, temperature, and storage
periods (Roberts, 1988; Pradhan and Badola, 2012; Manna
et al., 2020). A slight rise in temperature and humidity may
support fungal growth (Roberts, 1972b) and insect development
in seeds (Christensen, 1972). Further, drying and long-term
storage can significantly reduce germination or even the death
of seeds, depending upon the period and method applied. On
the other hand, appropriate storage conditions may enable
seeds to retain significant vitality over a prolonged period
(Chen et al., 2007; Pradhan and Badola, 2008, 2012). Recently,
the use of storage containers has been tested for seeds of
agricultural importance and reported significant effects on seeds
viability and protection from degrading agents Saeed et al.,
2020.

Various biochemicals of the seed, such as phenol and flavonoid
compounds, act as a protectant but degrade after exposure to
the storage environment, resulting in no or poor germination
and loss in viability (Pradhan and Badola, 2012; Watson et al.,
2013; Chaaban et al., 2017; Ali et al., 2018; Awolu et al.,
2022). Therefore, understanding the stability of phenolic and
flavonoids content in seeds during storage can be beneficial
for maintaining the germination and viability of seeds (Awolu
et al., 2022). The reduction in seed germination and vigor is
a consequence of alteration in seed enzyme metabolism, the
ribosome’s inability to disassociate, starvation of meristematic
cells, and subsequent accumulation of toxic compounds (Rai,
1999; Saisanthosh and Patil, 2018). The storage techniques for
agricultural and other important crops have been established
and used extensively (Silva and Peiris, 1997; Padma and Reddy,
2002), but similar reports on valued medicinal species are
warranted. Studies on the germination of medicinal plants are
now receiving wide attention with the increasing demand for
these plants for industry and their production (Chandra et al.,
2010; Elhindi et al., 2016; Khalaki et al., 2021). Therefore,
maintaining high seed viability during storage is critical for
better seedling establishment and sustainable production (Finch-
Savage, 1995; Belmehdi et al., 2018). Therefore, this study was
undertaken with seven important medicinal plants too, (i) test
and standardize the seed storage techniques under different
storage materials, (ii) assess the impact of temperature and
time duration on seed germination, phenol, and flavonoids
compounds of the seeds.
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MATERIALS AND METHODS

Seed Collection and Storage Conditions
This study was conducted in the laboratory of the agricultural
pathology, TCB College of Agriculture and Research Station,

Bilaspur Chhattisgarh India (22◦06’17.48
′′

N, 82◦.08’26.13
′′

E)
during 2017–2018. The seeds of seven medicinal plants are based
on industrial, commercial, and medicinal significance, namely,
Abelmoschus moschatus Medik, Andrographis paniculata (Burn.
F.) Nees, Bixa Orellana L., Ocimum basilicum L., Plumbago
zeylanica L., Psoralea corylifolia L., and Withania somnifera L.
Dunal (see Table 1) were chosen for this study. Seeds of the
selected medicinal plants were collected from the medicinal
plant nursery of TCB College of Agriculture and Research
Station, Bilaspur, India, and brought to the laboratory, cleaned
thoroughly for impurities, and dried at room temperature for 15
days. The seeds were desiccated to the moisture content of 3.5%
using 0.5 kg of zeolite beads. A total of one kg of desiccated seeds
of individual species was stored for 3 storage duration viz. 1, 6,
and 12 months in six packaging materials (Tre) (polythene bag,
jute bag, cloth bag, aluminum foil, unburned earthen pot, and
burned earthen pot) under 2 two different temperatures (Tmp)
regimes [i.e., room temperature, (ambient), and low temperature
(4◦C)]. Each packaging material stored one kg of physically
purified seeds of individual medicinal plant species. For storing
the seeds, we included six packagingmaterials viz. polythene bags
(the mouth of polythene bags was tightly sealed by the rubber
bands); jute bags (gunny, stitched jute bags); cloth bags (stitched
cloth bags); aluminum foil (seeds were wrapped with three layers
of aluminum foil); unburned earthen pot (air tighten by taps) and
burned earthen pots (air tighten by taps). A total of two sets of
seed bags were prepared for each storage material, and one set
was kept at both temperature conditions.

Seed Germination Experiment
Germination was evaluated according to the standard procedures
of ISTA (2007). Seeds stored at low temperature (4◦C) and room
temperature and stored with six materials were taken separately
after 1, 6, and 12 months of storage. Seeds were surface sterilized
with sodium hypochlorite solution (4% w/v available chlorine)
for 5 s to reduce the incidence of fungal attack and soaked in
double-distilled water for 24 h. The soaked seeds were placed
in sterilized plastic Petri plates (90mm dia.) lined with filter
paper soaked with double distilled water (Whatman No. 1). Each
experiment consists of three replication containing 100 seeds per
replicate. The Petri plated seeds were placed in seed germinator
at 25 ± 1◦C and 95 ± 1% RH for 15 days. At the end of the 15th
day, germination percentage was determined as follows:

Seed Germination (%)

=
No. of Seed germinated

No. of Seeds placed for germination
× 100

Determination of Seed Weight Loss
It was calculated based on the fresh seed weight after different
months of storage. The weight loss from the initial weight of seed

was determined on a percentage (%) basis.

SWL ( %) =
M1−M2

M1
× 100

SWL- seed weight loss, M1- the initial weight of 100 g seeds, and
M2- the weight of seed after given months.

Biochemical Analysis
In total, five-gram seeds were taken from different storage
materials (bags) and powdered. Seed powder was dissolved
in a 50ml of methanol solution @ 1:10 ratio (g/ml) then
kept for 24 h in a rotary shaker followed by filtering by
Whatman filter No. 1. This extract was stored at 4◦C and was
used for biochemical analysis using the standard procedures
of Azwanida (2015).

Determination of Total Phenolic Content
and Total Flavonoid Content
Total phenolic content in seed was determined following the
method prescribed by Singleton and Rossi (1965) using folin-
ciocalteu reagent and the phenolic content in seed extracts was
expressed in terms of gallic acid equivalent (GAE) in µg/g dry
mass. Total flavonoid content was analyzed using a colorimetric
method (Zou et al., 2004) expressed as quercetin equivalents
(QUE) in µg/g dry mass.

Determination of Seed Mycoflora
To assess the seed mycoflora (seed-borne fungi) in different
medicinal plants, 100 seeds were taken from different
storage materials on three occasions 1, 6, and 12 months
of storage. These seeds were grown in a Petri plate and
germinated directly without any seed treatment. After 30
days, the seed mycoflora grown in seeds were examined
and identified.

Seed Mycoflora (%)

=
No. of infected Seed

No. of Seeds placed for germination
× 100

Statistical Analysis
All the statistical tests were conducted with SPSS 21 forWindows
(SPSS Inc., 2012, Chicago, IL USA). Multivariate ANOVA
was employed to demonstrate the treatment effect on seed
parameters. Tukey’s post-hoc test was performed to observe the
significant differences for the studied parameters between the
treatment combinations. Compared t-test was performed to
analyze the impact of temperature on various parameters for
individual species.

RESULTS

Effect of Different Storage Materials (Tre)
Seed storage materials significantly affect the germination of
medicinal plants (Table 2). Seed germination, seed weight loss,
seed mycoflora, total phenolic content, and total flavonoid
content were significantly affected by species (S), duration of
storage (M), temperature (Tem), and storage material (Tre). The
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TABLE 1 | Summary of the phytochemical constituents and medicinal use of plants selected for the study.

S. No. Name of

medicinal plant

Part used Phytochemical constituents Medicinal use

1 Abelmoschus

moschatus

Whole plant β sitasterol, compesterol, stigmasterol,

Ambrettolide, essential oils (Dung et al., 1999)

Cure hysteria, stimulates sexual desire, inflammation,

gastric, Diarrhea, expectorant, bronchitis, aphrodisiac,

anti-diabetic (Liu et al., 2005, 2010), antioxidant (Gul

et al., 2011)

2 Andrographis

paniculata

Whole plant Andrographolide (Jarukamjorn and Nemato,

2008, diterpenoids (Jain et al., 2000),

flavonoids, arabinogalactan protein

Improve immunity, anti-hepatotoxic, fever, common

cold, peptic ulcer, snake bite, hepatitis, diabetes,

intestinal obstruction, typhoid, diarrhea, dermatological

diseases (Jarukamjorn and Nemato, 2008).

3 Bixa orellana Whole plant Bixin (Carotenoid), norbixin, spathulenol Vilar

et al., 2014), geranylgeraniol, tetracyclic,

sequiterpene (leaf oil)

Leprosy, eczema, elephantiasis, jaundice, infusion in

dysentery, gonorrhea, antiemetic therapy during

pregnancy, diuretic (Vilar et al., 2014), antifungal (Freixa

et al., 1998)

4 Ocimum

basilicum

Leaf, root,

seed

Eugenol, Methyl cinnamate, linalool, cineole,

estragole, ocimene, chavicol (Politeo et al.,

2007), borneol, sambulene and safrol (seed)

Antioxidant, cough, dyspepsia, intermittent fever,

anoxeria, gonorrhea, bleeding pile, headaches,

constipation, warts, worms and kidney malfunctions

(Simon et al., 1999), antimicrobial (Wannissorn et al.,

2005).

5 Plumbago

zeylanica

Flower, Root Plumbagin, chitranone, zeylinone,

isozoeylinone (Zhang et al., 2007), elliptinone,

droserone, plumbagic

acid(2),β-sitosterol(3),lupeol (Ming et al.,

2011)

Prevent ovulation (antifertility), germicide, muscular pain,

poisonous (root), rheumatic pain, leucoderma,

nephron-protective (Rajakrishnana et al., 2017).

6 Psoralea

corylifolia

Root, fruit, leaf Psoralidin, Psoralone, corylinin, isopsoralone

(Ruan et al., 2007), Plicatin, Plicadin (Zhao

et al., 2005).

Leucoderma, blood purifier, cardiovascular diseases,

nephritis, osteoporosis, and cancer (Zhang et al., 2016),

leprosy, psoriasis, skin diseases, heaemetaesis,

diabetes, fever, cough, diarrhea, hair growth

7 Withania

somnifera

Root, leave Pyrazole, alkaloids, withasomnine,

somniferine, steroidal lactone, withferin,

withnolides (Mishra et al., 2000).

Vigor, vitality, improve intellectual powers, tonic,

antitumor, rejuvenating, anxiety neurosis (Sangwan

et al., 2004)

interactions such as S × M, S × Tem, S × Tre, M × Tem, M ×

Tre, Tem × Tre, S × M × Tem, S × Tem × Tre also showed a
significant effect on the seed germination, seed weight loss, seed
mycoflora, total phenolic content and total flavonoid contents
(Table 2). The storage material did not affect seed germination
of studied medicinal plant species (except A. moschatus and W.
somnifera) (Figure 1). Seed weight loss was also not affected
by storage material (Figure 1). Seeds of A. moschatus stored in
polythene bags attained significantly higher seed germination
as compared to other storage materials (Figure 1). In the case
of W. somnifera the maximum seed germination was observed
for the seeds stored in unburned earthen pots; while minimum
seed germination was observed when seeds were stored in the
jute bags (Figure 1).

The significant effect of storage material on seed-borne
mycoflora was observed for the species Psoralea corylifolia, W.
somnifera, and B. olerina. The seeds of P. corylifolia stored
in a cloth bag attained maximum seed-borne mycoflora while
seeds stored in burned the earthen pots showed the lowest
value of mycoflora. The seeds of W. somnifera and B. olerina,
stored in a burned earthen pot, showed the highest value of
mycoflora (Figure 1).

Total phenolic content and total flavonoid content of
the seeds of studied species were not affected by storage
material (Figure 1).

Effect of Storage Duration (M)
The storage duration significantly affects the studied parameters
(Table 2). All the studied parameters of the present investigation
significantly differ due to the storage duration of the seeds
for individual species (Figure 2). Seed of P. corylifolia and B.
orelina germinated highest when they were stored for only 1
month, while, the medium-term storage (i.e., 6 months) rendered
the highest germination in W. somnifera and A. paniculata,
and longtime storage was best for A. moschatus, O. basilicum,
and P. zeylanica. However, the percent germination decreased
up to 160% in P. corylifolia when stored for the medium
term compared to the 1-month seed storage. Interestingly,
germination of A. paniculata was increased by 84.73% if stored
for the long term (i.e., 12 months) than 1-month seed storage.
The increasing duration of seed storage causes seed weight
loss substantially and consistently in studied medicinal plants
(Figure 2). The maximum of 4 times weight loss was observed
in O. basilicum and a minimum of 45.26% seed weight loss in A.
moschatus. Further, the one-month stored seeds were the most
resistant to mycoflora than the seeds stored for a long time. Seeds
ofO. basilicum showed the highest resistance to mycoflora across
storage durations, while P. corylifolia and A. moschatus were
found to be the most vulnerable to seed mycoflora particularly
when the duration of storage was increased (Figure 2). Similarly,
seed mycoflora increased maximum by 25-folds inW. somnifera,
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TABLE 2 | Summary of MANOVA for various parameters; seed germination (%), seed weight loss (%), seed microflora (%), total phenolic content (ppm dry weight gm−1),

total flavonoid content (ppm dry weight gm−1) for seeds of seven medicinal species with factors species (S), month (M), temperature (Tem), treatment (Tre).

Treatment/factor d.f. Seed germination Seed weight loss Seed microflora Total phenolic content Total flavonoid content

S 6 1,043** 1,416** 1,223** 204.6** 480.3**

M 2 470.8** 3,300** 3,331** 401.5** 112.1**

Tem 1 87.79** 10.23** 7.158* 8.241* 45.77**

Tre 5 174.2** 5.294** 40.94** 1.900NS 3.564*

S × M 12 781.3** 32.96** 456.2 16.97** 121.7**

S × Tem 6 118.3** 49.01** 192.9 3.252** 13.32**

S × Tre 30 35.15** 8.657** 67.06 2.203** 2.600**

M × Tem 2 72.95** 11.12** 22.84** 4.816* 13.62**

M × Tre 10 43.96** 4.045** 106.7** 0.957NS 2.161*

Tem × Tre 5 2.782* 3.242* 30.43** 2.979* 5.060**

S × M × Tem 12 75.21** 14.59** 149.4** 1.399NS 9.827**

S × M × Tre 60 26.84** 5.751** 54.11** 1.225NS 1.572**

S × Tem × Tre 30 10.97** 13.48** 34.04** 1.461* 1.698*

M × Tem × Tre 10 17.80** 4.406** 38.69** 1.423NS 2.852**

S × M × Tem × Tre 60 27.75** 8.299** 20.88** 0.985NS 1.854**

504

*,**Represent significance at P < 0.05 and P < 0.01 levels, respectively. NS-Statistically not significant.

2.84-folds in B. orelina, 2.69-folds in P. zeylanica, and 2-folds in
A. paniculata when storage duration increases from medium to
long term (Figure 2).

A total of 1 month stored seeds of studied medicinal plants
contained the highest TPC and degrade with the increment in
the duration of seed storage (Figure 2). This degradation was
exponential in P. corylifolia (309%), followed in P. zeylanica
(281%), and lowest in O. basilicum (37.54%). TFC also followed
a similar trend in O. basilicum and B. orelina but unlikely P.
corylifolia, P. zeylanica, A. moschatus, andA. paniculata exhibited
a high-low-high trend in TFC with short-, medium-, and long-
term storage.

Effect of Storage Temperature (Tem)
The storage temperature significantly affects seed germination,
seed weight loss, seed mycoflora, total phenolic content, and
total flavonoid content of the studied medicinal plant species
(Table 2). Storage temperature affects seed germination (except
P. zeylanica), significantly at P < 0.05. In this study, ambient
temperature (room temperature) was best-suited for obtaining
higher germination in A. moschatus, P. corylifolia, B. olerina
while, low-temperature storage favored germination in A.
paniculata, O. basilicum, and W. somnifera (Figure 3). The
maximum seed germination was observed in W. somnifera
with low temperature while the minimum seed germination
was attained by P. corylifolia under low temperature. The seed
weight loss also varied with the temperature during storage
and the loss was found higher under low temperature but
exceptionally in A. paniculata and P. corylifolia, the trend
was opposite (Figure 3). Seed mycoflora was significantly
affected by storage temperature for individual species (Figure 3;
Supplementary Table 1). Seed mycoflora was found higher in
A. paniculata, B. orelina, P. corylifolia, and W. somnifera with

ambient temperature, while in A. moschatus and P. zeylanica
mycoflora flourished higher in a low-temperature environment
(Figure 3; Supplementary Table 1). The total phenolic content
of the studied species was not affected by variation in storage
temperature. Furthermore, the TFC of W. somnifera, A.
moschatus, and A. paniculata were significantly higher when
seeds were stored at low temperatures.

Relationship Among Studied Parameters
Seed weight loss was positively correlated with seed mycoflora.
Seed mycoflora and seed weight loss negatively correlate
with TPC and TFC (Table 3). Our study shows the positive
relationship between TPC and TFC (Table 3).

DISCUSSIONS

At the outbreak of COVID 19, the demand for plant-based
medicine and food supplements has been increased worldwide as
immunity boosters and/or as to cure disease. Numerous studies
confined on novel compounds of different medicinally valued
plants and their effects on various diseases and health worldwide
(Jain et al., 2000; Mishra et al., 2000; Wannissorn et al., 2005;
Politeo et al., 2007; Ruan et al., 2007; Liu et al., 2010; Vilar et al.,
2014; Zhang et al., 2016; Rajakrishnana et al., 2017). However,
the understanding of aspects of seed storage, seed degradation
on these plants is very limited. Indeed, there are problems in
seed germination, and the storability of these medicinal plants
results in delays in commercialization. The strengthening of
basic knowledge onmedicinal plants for individual species would
strengthen the cultivation aspect (Chandra, 2020) using seeds
and be exploited for the conservation of genetic resources.
Among constraints, the unavailability of seeds in the market
is a major restriction to bring these medicinally valued species
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FIGURE 1 | Effect of different types of seed packaging materials on seed germination (%), seed weight loss (%), mycoflora (%), phenolic content (µg dry weight

gm−1), flavonoid content (µg dry weight gm−1) in seven commercially important medicinal plants. Bars with different letters are significantly different according to the

Tukey’s test (P < 0.05).

outside the forest. So far, the storage practices of these species
have not been standardized, and often receive complaints of
poor germination (Abdusalaam and Shenge, 2011; Saisanthosh
and Patil, 2018). In this study has made efforts to determine
the appropriate storage materials, temperature, and storage
durations for some important medicinally valued plants with
potential for commercial cultivation.

Impact of Packaging/Storage Materials
Seed storage materials greatly influence seed germination of
agricultural and horticultural crops, and therefore, the selection
of suitable materials for seed storage has been advocated for

Sorghum bicolor (Owalade et al., 2011), Allium cepa (Saisanthosh
and Patil, 2018), Swertia chirayita (Pradhan and Badola, 2012),
Pericopsis elata (Tandoh et al., 2017), Cotton and Wheat (Saeed
et al., 2020). Our study shows that the storage material could
not affect the seed germination of studied species (except W.
somnifera, A. moschatus). This is in contrary to the earlier studies
related to seed storage with various packaging materials. This
result further indicates that seed storage with semi impervious
material such as unburned earthen pot was best forW. somnifera
while polythene bags were suitable for storage of A. moschatus.
This study also reveals that the seeds of individual species
need specific storage material. Most of the studies suggest that
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FIGURE 2 | Impact of storage durations on seed germination (%), seed weight loss (%), mycoflora (%), phenolic content (µg dry weight gm−1), flavonoid content (µg

Q14 dry weight gm−1) in seven commercially important medicinal plants. Bars with different letters are significantly different according to the Tukey’s test (P < 0.05).

seeds using polythene during storage interact less with the
storage atmosphere, absorb no or low moisture, and control
weight loss and as such, they are unlikely to suffer because
of higher oxidation (Netra et al., 2015). Numerous researchers
reported higher seed germination in moisture-proof storage
materials (Rahman and Rahman, 1997; Khalequzzaman et al.,
2012; Lambat et al., 2015; Sultana et al., 2016; Saisanthosh and
Patil, 2018). Further, high germination in seeds with lowmoisture
and thereby reduced respiration rate was also reported (Doijode,
2007). Studies also reported the highest seed germination in
cloth bags, a porous material that demonstrates the need for
species-specific storage material for higher germinability of

stored seed (Netra et al., 2015; Saisanthosh and Patil, 2018).
Differences in seed germination in the medicinal plants could
also occur because of these differences in solubility and polarity
of genetic material in seed (Dapkevicius et al., 1998). Besides, the
genetic components of species affects phenotypic expression and
determines seed quality and seed vigor (Al-Yahya, 1995; Vieira
et al., 2001), which may cause variation in seed germination.
However, this study demonstrated a species-specific response
to the storage material, which emphasize toward taking up
more such studies to generate a comprehensive understating
on the germination of the seeds subjected to such storage
treatments. This study also demonstrated no significant effect
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FIGURE 3 | Influence of temperature gradients during seed storage on seed germination (%), seed weight loss (%), mycoflora (%), phenolic content (µg dry weight

gm−1), flavonoid content (µg dry weight gm−1) in the seven commercially important medicinal plants. Bars with different letters are significantly different according to

the Tukey’s test (P < 0.05).

on seed weight loss by using storage material. The polythene
bag was again found effective against seed mycoflora for W.

somnifera and A. paniculata as seeds stored in this material,
reducing 18.44- and 2.54-folds mycoflora compared with the
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TABLE 3 | Correlation among different parameters of seeds of selected plant

species.

Attributes Seed

germination

(%)

Seed

weight loss

Seed

mycoflora

Total

phenolic

content

Seed weight loss 0.048 - - -

Seed mycoflora −0.015 0.528* - -

Total phenolic

content

0.128 −0.463* −0.343* -

Total flavonoid

content

0.008 −0.342* −0.196* 0.320*

*Significant P < 0.05.

burned earthen pot where the highest mycoflora exhibited
on the seed. However, variation exists in seed mycoflora
with storage materials and species, resulting in O. basilicum
being the most resistant among other species investigated.
TPC and TFC have antimicrobial properties that exhibited a
low but positive correlation with seed germination (R2 0.128
TPC, 0.008 TFC), indicating their significance in accelerating
germination. Both the compounds act as seed preservatives
and improve seed quality (Volf et al., 2014) showed a negative
correlation with mycoflora (R2 −0.343 and −0.196 TPC and
TFC, respectively) proves its role in the maintenance of higher
seed germination through checking of mycoflora and seed
deterioration. The degradation of these compounds varied
significantly with the species, and storage materials resulted in
varying percentages of germination and mycoflora. Fu et al.
(2018) evaluated four storage materials for peanut and reported
polythene material as best in reducing the oxidation of phenols,
maintaining peanut quality, freshness for more than 1 year, and
better germination. They also found this material suitable for
controlling pests compared with the highly permeable woven
bags that suffered serious invasion from pests was an agreement
of the present result.

Impact of Storage Duration
The periods of seed storage significantly change the germination
of the medicinal plants. Fresh seeds of P. corylifolia and B. orelina
germinated higher when fresh, but medium-term aging gave
good results inW. somnifera and A. paniculata. On the contrary,
the seeds ofA.moschatus, O. basilicum, and P. zeylanica exhibited
higher germination with long-term storage. This indicates the
requirement of careful storage of seeds of medicinal plant species.
Tiwari and Das (2014) also reported variable patterns in seed
germination of different medicinal plants due to cofounding
effect of factors such as storage materials, temperature, and
plant species.

Similarly, based on varying storability of seeds, Roberts
(1972a) and Ellis and Roberts (1981) classified seeds as an
orthodox, recalcitrant, and intermediate category. The increasing
duration of seed storage caused weight loss consistently in all
the medicinal plants, irrespective of storage materials. In our
results, the aged seeds degraded faster with a high mycofloral
invasion and increased deterioration of TPC and TFC compared

with the fresh seeds. This is evident that fresh seeds are usually
more resistant to mycoflora due to a higher concentration of
protective biochemicals than the stored seeds (Li et al., 2019).
Therefore, species that retain a higher amount of biochemical
during storage can prevent invasion of mycoflora and remain
vigorous for a more extended period. When seeds deteriorate
during storage, they lose vigor and ultimately become unable to
germinate (Rajjou and Debeaujon, 2008). Walter et al. (2005)
quoted that the length of storage time influence varyingly to
species due to differences in genetic factors combined with
storage atmosphere. Moreover, Morello et al. (2004) proved that
rancidity development due to oxygen-dependent deterioration
of lipids predominantly causes germination reduction during
storage. Also, Suriyong (2007) and Genes and Nyomora (2018)
also supported our results that aging affects the seed quality
during storage due to the oxidation processes.

Impact of Storage Temperature
The storability of seed is a function of quality seed and the
storage temperature (Fabrizius et al., 1999; Heatherly and Elmore,
2004). The intensity of germination and other attributes of
stored seed was significantly varied with plant species concerning
temperature gradients. The ambient temperature favor seed
germination of A. moschatus, P. corylifolia, P. zeylanica, and
B. olerina, while seeds stored in low-temperature condition
germinated the highest in O. basilicum, W. somnifera, and A.
paniculata (Figure 3). Such variations have been propounded
majorly due to the result of genotype variability, implying the
considerable influence of genetic components on phenotypic
expression of traits that determine seed quality and other
attributes (Al-Yahya, 1995; Vieira et al., 2001). Besides, there
were significant differences (P < 0.05) in seed germination
of medicinal plants for storage materials, duration, and
temperature. This was also related to the weight loss pattern and
seedmycoflora in the different plant species. Seed storage coupled
with ambient temperature facilitated high-infection rates could
lead to a substantial loss in seeds of medicinal plant, particularly,
in A. paniculata, B. olerina, P. corylifolia, and W. somnifera
therefore, needs to adjust the temperature of the store. Usually,
the moisture of seed provides an opportunity for mycoflora
which increases the rate of seed damage and thereby deterioration
(Abdusalaam and Shenge, 2011; Owalade et al., 2011). TPC and
TFC maintained high stability with a low temperature in all
the species except B. olerina. Kalt (2005) and Kyi et al. (2005)
also studied the degradation of TPC in Cherries with storage
temperature and reported up to 25.4% loss of phenolic after
60 days of storage at a temperature higher than 50◦C. The
decrease of the TPC and TFC content of the investigated seeds
at room temperature may be due to increased oxidation of these
bioactive components (Moldovan et al., 2016). Similarly, high
temperatures with light could degrade the polyphenols (Baiano
et al., 2009; Del-Toro-Sanchez et al., 2015).

CONCLUSION

The result showed that adequate handling could retain the
viability of seeds of specific species, which can help restore
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medicinal plants in forests. The interaction of multiple factors,
such as moisture, temperature, seed quality, mycoflora,
and specific genotype traits, determines the germinability
of the plant species. Using appropriate storage materials
followed by adjusting the time and temperature of storage
can sustain germination in medicinal plants even after a
long time. However, no general storage practice suffices the
objective of maintaining seed quality for all the medicinal
species but needs standardization of species-specific storage
methods. As for storage duration was concerned, P.
corylifolia and B. olerina need short-term storage time;
A. paniculata and W. somnifera demand medium-term
storage time, and other species of the study require long-term
storage time.

Similarly, variation due to storage temperature is exerted
with species and parameters of this study. Hence, it is of
great significance to investigate the best storage material
that could be used for ambient storage for each medicinal
plant species. The results may be simply for conserving
medicinal valued species and cultivators engaged in producing
raw materials for pharmaceutical industries. Medicinal plants
can also be utilized in reclamation of degraded land and
disturbed forests. Hence, it is imperative to develop a
comprehensive understanding of the conservation of the seeds
of medicinal plants.
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