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Abstract

Barberry has played a prominent role in herbal healing for more than 2500
years. Most of the berberis species have medicinal uses because of the pres-
ence of alkaloid “berberine” an isoquinoline alkaloid. The root and inner bark
are also used for yellow dyeing of clothes. The objective of the present study
was to evaluate the seed dormancy, effect of stratification, light conditions and
planting bed quality on seed germination of berberis manipurana seeds. A set
of freshly processed seeds were sowed in three light conditions i.e., normal
light (~5000 lux), poly house ca. 50% shade (~2500 lux) and poly house ca.
75% shade (~1250 lux). In the laboratory, half of the collected seeds were
packed in plastic bags, labeled and stored at 4°c (stratification treatment);
another half was stored at room temperature of 25°C. Stratified seeds from
both the conditions (4°C and 25°C) were sowed in the seed bed at 15 days in-
terval till 120™ day (0 - 120 days) to check the viability and germination beha-
viors. Highest germination rate was observed from seeds stored at 4°C, which
registered 82.5% (1.5) germination in the poly-bags against 70% (2.5) from
seeds stored at 25°C. While 69% (2.0) and 56% (1.5) seeds germinated in the
seeds beds from seeds stratified at 4°C and 25°C respectively.
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1. Introduction

A successful reforestation program depends on a continuous supply of healthy
seedlings/planting stocks. This process begins with successful seed collection,
storage, processing, and sowing operations, and then continues with the careful
growing, lifting, and storage of seedlings. Most flowering plants reproduce by
sexually and seed production and are the means by which plants produce genet-

ically diverse offspring capable of surviving in variable and changing environ-
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ments. The seed habit is the most complex and successful method of sexual re-
production in vascular plants. The seed plants (Spermatophyta) comprise two
major groups: the Acrogymnospermae (also referred to as gymnosperms; c. 800
living species) and the Angiospermae (also referred to as angiosperms; c. 250,000
living species) [1]. The seed germination and the establishment of a normal
seedling are determining features for the propagation of plant species, which are
of both economic and ecologic importance. Because of high vulnerability to in-
jury, disease and water/environmental stress, seed germination is considered to
be the most critical phase in the plant life cycle. Seeds are the principal means of
regeneration for most woody plants. They serve as the delivery system for the
transfer of genetic materials from one generation to the next. The part of a
plant’s life cycle that involves seed formation, maturation, dissemination, and
germination is a complex yet fascinating chain of events, many of which are still
poorly understood. Yet some knowledge of these events is necessary for suc-
cessful collection and utilization of seeds to produce the means for artificial re-
generation. Mature seeds remain dormant from few days to many years, and in
this state they are able to tolerate adverse conditions and stressful environments
(e.g. intense cold, heat, drought, darkness) that could not be endured by most
plants [2]. In the seeds of many plant species, maturation is accompanied by the
induction of a state of dormancy. Seed dormancy is a mechanism by which seeds
can inhibit their germination in order to wait for more favorable conditions [3].
Sometimes seeds do not germinate because water and gases cannot permeate the
seed coats. Various treatments, based on the physiological requirements of seeds,
are used to stimulate and enhance germination. Different methods such as heat-
ing stratification, scarification [4], and gibberellins application are well known to
overcome with these problems depending on the type of plant species and dor-
mancy. Stratification is the most consistently effective dormancy-release treat-
ment. Moist chilling or cold stratification has been widely used as a pre-sowing
treatment for breaking dormancy and enhancing the maximum rate and per-
centage germination of dormant seeds of many plant species [5] [6].

Located in the North Eastern region of India, the state of Nagaland lies be-
tween the geographical coordinates of 25°6' and 27°4' North latitudes and 93°20'
and 95°15' East longitude. Nagaland, though a small state in terms of area, has a
rich and diverse heritage of biodiversity owing to its varying physiographic and
geo-climatic conditions favorable for copious growth of vegetation. It varies
from tropical rain forest to alpine vegetation and from evergreen forest to sub-
tropical climatic region. Nagaland is located in one of the 25 hotspots of the
world in terms of biodiversity. A few areas of the state are still untouched and
harbor a wide variety of endemic species of plants. However, in recent times, the
biodiversity of the state is facing serious threats due to escalating population,
pressure on agriculture to bring more areas under cultivation and other deve-
lopmental activities.

Berberis is a genus which is characterized by woody shrubs and small trees. It

is the largest genus in Berberidaceae [7] and is commonly known as “Barberries”
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or “Pepperidge Bush”. Because of its ornamental potential owing to their dura-
bility, attractive coloured flowers, evergreen foliage and medicinal uses, Berberis
is widely propagated and valued. The genus Berberis contains a complex of sec-
ondary metabolites having antitumor properties and is used as antimutagenic
and is frequently used in the pharmaceutical industry [8]. Barberry has played a
prominent role in herbal healing for more than 2500 years [10]. Most of the
Berberis species have medical uses because of the presence of alkaloid, “Berbe-
rine” an isoquinoline alkaloid [9] [10] [11] known for its activity against cholera
[12], diarrhoea [13]. In traditional folk medicine, barberry has been used to treat
diarrhea, reduce fever, improve appetite, relieve upset stomach, and promote
vigour as well as a sense of well-being [14].

Berberis manipurana, commonly known as Manipur barberry is an evergreen
woody shrub, found in shady moist habitat. The limitation of its low population
size, irregular fructification and consumption of seeds by birds has further over-
rated the problem of regeneration of this species. In view of these facts, an effort
has been made to influence seed germination so as to bring about an improve-

ment in regeneration of these species.

2. Materials and Methods
2.1. Site Description

The study was conducted in the Department of Botany, Nagaland University,
Lumami located in Zunheboto district, Nagaland at an elevation of 1150 -
1200 m ASL, 26°12'37"N and 95°29'28"E. Plant identification was confirmed
from Botanical Survey of India (BSI), Eastern regional Centre, Shillong, In-
dia.

2.2. Seed Collection and Storage

Matured and ripened fruits of Berberis manipurana were harvested from its
natural habitat. The fruits were collected from Western Dzikou at an elevation
of 2649 m ASL, 25°36'36.3"N and 94°00'03.0"E, during the month of Septem-
ber and October. The collected seeds were wrapped in damp cotton and
packed in polybags and transported to the laboratory. Major attributes of seeds
of the species was recorded (Table 1). The fleshy pericarpic layer of the fruit
was discarded and the seeds were extracted. Each matured fruit had 3 - 4 seeds
inside. Once the seed were brought to the laboratory, seed viability was
checked using the float method [15]. All floating or damaged seeds were dis-
carded. Settled down seeds were considered as viable and selected for the
present study. The selected viable seeds were washed briefly with laboratory
detergent (Labolene, 1%, v/v), air dried and stored in plastic bags until use.
The processed seeds were divided into different groups for different germina-
tion experiment. For each treatment 20 seeds were sowed and repeated thrice.
All the experiments were carried out in the laboratory and in the Departmental

Experimental Garden, Department of Botany, Nagaland University, Lumami.
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Table 1. Seed traits of Berberis manipurana.

Traits Berberis manipurana Traits Berberis manipurana
Western Dziko
Seed collection site " Seeds per fruit 3-4
(Nagaland)
Seed t text d
Altitude 2649 m ASL ced coat texture an Semi-hard; Dark purple
color
Geographical 25° 36'36.3" N and 94° Mean seed fresh 0.027
co-ordinates 0003.0" E weight per seed (g) ’
. . Mature seed moisture
Flowering time July-August 7.21%
content (%)
Mean seed length
Seed setting time September—October & 0.42
(mm)
Fruit maturation time October-November

2.3. Pre-Sowing Treatment and Experimental Process

A batch of the processed seeds was sowed immediately after harvest in the seed

bed while rest of the seeds was treated differentially as described below:

1. A set of freshly processed seeds were sowed in three light conditions ie;
normal light (~5000 lux), poly house ca. 50% shade (~2500 lux) and poly
house ca. 75% shade (~1250 lux).

2. In the laboratory, half of the collected seeds were packed in plastic bags, la-
beled and stored at 4°C (stratification treatment); another half was stored at
room temperature of 25°C. Seeds were kept in these conditions until germi-
nation trials were undertaken.

3. Stratified seeds from both the conditions (4°C and 25°C) were sowed in the
seed bed at 15 days interval till 120" day (0 - 120 days) to check the viability
and germination behaviors.

4. The seeds were sowed in prepared seed beds as well as poly bags. All the seed
beds were prepared by combining a mixture of top soil, farmyard manure
and sand in the ratio of 3:1:1 (v/v/v).

5. Seeds were sown 2.0 cm deep in polybags. In each poly bag only one seed was
sowed.

6. While, distance between seed to seed and row to row in the seed bed was ~30
cm.

The polybags were kept in open air in all the three shade conditions as men-
tioned above, watered every alternate day till the experiments completed. Emer-
gence of the radical was considered as the onset of seed germination. Data were
recorded daily from the start of germination. All experiments were conducted in
a randomized block design (RBD). The seedlings developed from the germinated
seeds were maintained in the seed beds/poly bags for further growth. The well

developed seedlings were transferred to the field after one year.

3. Results

For the present study seeds were collected from Western Dzbkou valley, Nagal-
and, India. Data on flowering, seed setting, maturation etc were collected for

three consecutive years. Seed traits of B. manipurana are given in Table 1. It was
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found that plant flowers during July-August, seed setting starts during Septem-
ber-October and matures during October-November. Different stages of seeds
(young to mature) are shown in Figure 1. After collection of seeds from the
field, seeds were extracted and processed as described in materials and methods.
It was found that average number of seeds per fruits is 3 - 4 and the average seed
weight is 0.027 gm.

Collected mature seeds were processed and tested for dormancy, effect of stra-
tification, light conditions and seed bed types on seed germination. The result
thus obtained exhibited differential response under different conditions. The
seed germination rate, germination time, seedling morphology was greatly in-
fluenced by illumination in the seed beds and seed bed quality, temperature of
post harvest storage/stratification and duration. In the present study seeds were
sowed in three different light conditions viz., normal light (5000 lux); 50% shade
(2500 lux) and 75% shade (1250 lux). Of the different light conditions studied,
optimum response was achieved from seeds sowed in poly-bags as well as in the
seed beds and maintained at 50% shade (2500 lux), where radical emerged with-
in 11 - 12 days of sowing and registered 82.5 and 69% germination in poly-bags
and seed bed respectively (Figure 2, Figure 3(a), Figure 4(a)). Seeds sowed un-
der normal light conditions delayed germination, while seeds sowed under 75%
shade seedlings were healthy but comparatively etiolated in comparison to 50%
shaded condition.

There was a significant variation in time taken for initial response of germina-
tion as well as per cent germination in both poly-bags as well as seed bed. It was
found that with increase in stratification period, germination rate improved sig-

nificantly in both the temperatures. In the present study with B. manipurana,

Figure 1. (a) Twig of Berberis manipurana bearing young fruits; (b) Harvested young
fruits; (c) Extracted young seeds from fruits; and (d) Mature fruits and extracted seeds.
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I Time for initial response (days)
[ % germination

Normal light (5000 Lux) 75% shade (1250 Lux) 50% shade (2500 Lux)

Light Conditions

Figure 2. Effect of quantity of light on seed germination Berberis manipurana.

Figure 3. Different stages of B. manipurana seed germination in poly bags. (a) Seed
sowed in poly bag showing the sign of germination; (b) Young seedling releasing the first
set of leaf; (c) Established seedling ready for field transfer.

Figure 4. Different stages of B. manipurana seed germination in seed bed. (a) Seed sowed
in seed bed showing the sign of germination; (b) Young seedlings releasing the first set of
leaf; (c) Established seedling ready for field transfer.

germination percentage was affected by both stratification time and light condi-
tions during germination. The seeds sowed immediately after harvest exhibited
low germination frequency (7.5%) and longer germination time (40 days). With
increase in stratification period, germination rate improved. Of the different
stratification period tested in the present study under both 4°C and 25°C, 75
days post harvest storage prior to sowing found to be most suitable for germina-
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tion (Table 2). Further, of the two temperatures tested for stratification, 4°C was
found to be better over 25°C for both registering early initial germination re-
sponse as well as germination rate. Seeds stored at 4°C registered initial response
of germination within 11™ and 12" day in poly-bag and seed bed respectively
against 13™ and 15" day from the seeds stratified at 25°C (Table 2). Besides this,
seed germination rate was significantly higher from the seeds stratified at 4°C
against 25°C in both poly-bag and seed bed. Seeds stored at 4°C registered 82.5%
germination in the poly-bags against 70% from seeds stored at 25°C. While 69
and 56% seeds germinated in the seeds beds from seeds stratified at 4°C and
25°C respectively (Table 2; Figure 5).

80 -

I Poly bag
70 [ Seed bed

60 -

50

40 4

304

204

10 4

04 T
4°C 25C

&£c

25C
Time for initial response (days) % germination

Figure 5. A comparative representation of germination behaviours of Berberis manipu-
rana seeds sowed in poly bags and seed bed.

Table 2. Effect of post harvest storage/stratification of Berberis manipurana seeds at 4°C
and 25°C on seed viability and germination in the poly bag and seed bed.

Time taken for initial
e .a er'l or Tt Germination rate (%) (+SE)*
germination (days)

Stratification
period (days) 4°C 25°C 4°C 25°C
PB SB PB SB PB SB PB SB

0 40 43 40 42 17.5(0.7)% 15.5 (1.0)F 07.5 (0.5)8 07.0 (0.7)¢
15 21 25 23 25 40.0 (1.2)f 40.5 (2.2)° 32.5 (1.0)" 26.2 (0.5)f
30 19 21 18 18 52.5(L.5)° 51.5 (2.5)¢ 47.5 (1.5)° 41.0 (1.2)¢
45 17 17 21 23 57.5(1.5) 56.2 (2.3)° 52.5 (2.2)¢ 43.5 (1.5)¢
60 14 18 17 17 725 (L.7)° 67.5 (1.5)* 60.0 (2.5)° 48.7 (1.0)
75 11 12 13 15 82.5(L5)* 69.0 (2.0)* 70.0 (2.5)* 56.0 (1.5)
90 13 15 15 16  77.5(2.0)° 61.5 (2.5)° 65.0 (2.2)> 51.5 (1.7)®
105 12 12 13 15 80.0 (1.0)* 60.0 (1.0)° (6;?)2 47.0 (1.5)°
120 11 13 14 16 75.0 (1.7)° 54.5 (1.3)° 62.5 (2.0)° 48.5 (2.0)°
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First sign of germination was recorded as emergence of radical (Figure 3(a),
Figure 4(a)). The germinating seeds progressed through their developmental
process and converted into seedlings and released the first set of leaves (Figure
3(b), Figure 4(b)). Both poly-bags and seed beds were irrigated at regular inter-
val for seedling growth. Seedlings were allowed to grow further in the respective
germination beds for one year (Figure 3(c), Figure 4(c)) before transferring to
the wild.

4. Discussion

Propagation via seed is nature’s most common method of plant reproduction.
Presently there is an estimate of about 1500 seed or gene banks around the world
containing over 6 million seed accessions. However, storage of seeds in seed
banks for ex situ conservation needs a thorough understanding of post harvest
seed physiology and seed storage as seeds exhibiting orthodox seed storage be-
haviour can only be stored in seed banks for a longer period of time without
losing the seed viability. The storage of seeds in seed banks/gene banks is gener-
ally considered the safest, most inexpensive and most convenient method of
conservation as seeds occupy little space, and also require little attention over
considerable period of time [16] [17].

For seed germination, emergence of radical’s germination rate, seedling mor-
phology and their establishment is influenced by various factors. Depending on
the plant species, there is a variation in their habitat preference, temperature re-
quirements, post harvest storage, specific pre-treatment for seed germination,
seedling emergence and survival. The light requirement conditions for successful
seed germination and healthy seedling morphology appears to be species specif-
ic. According to [18], light and temperature are the main factors that promote
germination in soils with good water availability. Temperature may also deter-
mine the amount of dormant seeds in a population while concurrently mod-
ulating germination of non-dormant seeds [19]. The availability of light, water
and nutrients are also the governing factors for the survival of seedling on the
seed beds or forest floor [20]. Increase in light and nutrients stimulate the
growth of the competing shrubs and fast growing herbaceous plants. Each spe-
cies requires a range of temperatures for seed germination and seedling estab-
lishment [21]. Although seeds of a particular species may germinate over a wide
range of temperatures, the time needed for maximum germination varies as
temperatures fluctuate [22]. According to [23], germination percentage was al-
most independent from light conditions. In the present study with Berberis ma-
nipurana, there was a reasonable germination in seeds sowed across different
light conditions. In higher light conditions, germination was delayed compared
to lower light intensities. From the observations recorded, it was noted that the
seeds of B. manipurana are orthodox in nature like some species of Berberis.
Seeds of Japanese and common barberries species have embryo dormancy that
requires cold stratification to provide prompt germination. It was also reported

that seeds of Japanese and common barberry species remained viable for at least
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4 years when kept at 1°C to 3°C in sealed container [24], which indicates that
these species are orthodox in storage behavior.

In addition to light conditions, another form of controlling the biological ac-
tivities is the use of low temperatures. In this experiment, seeds were stored at
4°C and 25°C .Seed stratification at lower temperature showed better response
than seeds kept at room temperature. Storing the seeds at 4°C gave slightly
higher percentage of viability and germination in comparison to storage at 25°C.
Observations recorded showed that exposure to longer period of stratification
has positive effect on the seeds of Berberis manipurana which germinated faster
than those stratified for shorter period. Seeds from colder climates and higher
altitude germinate quickly at low temperatures than seeds from warmer and
lower altitude [25]. This is a characteristic showed by many temperate species;

they require cold stratification to germinate [26].

5. Conclusion

Based on the result obtained from this study, it can be assumed that the seeds of
berberis manipurana, can endure desiccation, Ze, they are orthodox in nature
and the seeds can be preserved for an extended period of time as compared to
recalcitrant seeds. The seeds exhibited subjective difference when stored in two
temperatures Ze., 4°C and 25°C. Seeds treated with cold stratification treatment
(4°C), gave better response in term of breaking dormancy. From this study, it is
observed that chilling effect and light shows a role in breaking dormancy. Fur-
ther studies on mechanism of seed dispersal, seed storage and temperature to-
lerance will help in developing the conservation strategies of this economically

important medicinal and dye plant.
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