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Introdiction

Plants have been used as an important source of food, medicines and other
purposes since prehistoric period. According to World Health Organization (WHO)
about four billion people (80%) still rely on herbal medicine for their primary health
care. More than 15,000 species of higher plants occur in India of which about 9,000
are economically important. Of these about 7,500 are of medicinal value; 3,900 are
of food value; 700 are culturally important; 525 are used for fibre; 400 for fodder;
300 for pesticides and insecticides; 300 for gum, resin and dyes and 100 provide
incense and perfume (Anonymous, 1994). Out of the above, over 9,500 wild plant
species are used by the tribal societies of India (Shankar, 2006). Over 4786
ecosystem specific species of plants are used by ethnic communities for human and
veterinary health care, across the various ecosystems in India (Kaul, 2010).

The genus Clerodendrum (Verbenaceae, more recently placed in the
Lamiaceae) is a diverse genus with about 560 (Moldenke, 1971) to 580 (Munir,
1989) species of small trees, shrubs or occasionally perennial herbs, mostly in
the tropics and subtropics of the old world (Verdcourt, 1992). This genus was
first described by Linnaeus in 1753 based on the species Clerodendrum
infortunatum from India and later Adanson changed the Latinized form
“Clerodendrum” to its Greek form “Clerodendron” in 1763. After almost two
centuries, Moldenke adopted the Latinized word “Clerodendrum” in 1942 which

is now commonly used by taxonomists for classification and description of the



genus (Hsiao and Lin, 1995). However, recent phylogenetic studies have
reported that genus Clerodendrum traditionally classified in Verbenaceae has now
been included in the Lamiaceae (Stevens, 2012). Clerodendrum species display a
high degree of morphological, cytological (Steane et al., 1997) and chemical
variations. The genus has been found to contain terpenoids as the major
secondary metabolites (Yang et al., 2000), neo-clerodane diterpenes (Kumari et
al., 2003; Pandey et al., 2005), triterpenes (Ganapaty and Rao, 1985) and iridoids
(Wei et al., 2000). Phenolic compounds have been frequently reported with
phenyl propanoids (Kim et al., 2001) and flavonoids as a predominant class
(Sinha et al., 1981) and few of species have been reported to contain
macrocyclic alkaloids (Lumbu and Hootele,1993) and cyanogenic glycosides
(Miller et al., 2006). Some of these compounds have been evaluated for a
number of biological activities mainly anti-inflammatory (Park and Kim, 2007),
antiasthmatic (Vincent et al., 2012), hepatoprotective (Gopal and Sengottuvelu,
2008), antioxidant (Chae et al., 2006), cytotoxicity (Cheng et al., 2001), antitumor
(Shietal., 1993) and for the effects on central nervous system (Zhu et al., 1996).

A high degree of morphological and cytological variation (from 2n=24 to
2n=184) amongst the species, suggesting the paraphyletic or polyphyletic origin of
the genus Clerodendrum. Molecular systematic studies based on chloroplast and
nuclear DNA also indicate polyphyletic origin of the genus (Steane et al., 1999). The
genus Clerodendrum is widely distributed in the tropical and warm temperate
regions of the world, with most of the species occurring in tropical and northern
Africa, Asia, Egypt and Madagascar. Clerodendrum is the largest genus of the tribe

Teucrieae (Steane et al., 1999). In India 23 species were recorded (Rajendran and
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Daniel, 2002) of which 16 were recorded from Arunachal Pradesh (Srivastava and
Choudhury 2008).

C. colebrookianum Walp commonly known as East Indian Glory Bower is a
flowering shrub or small tree, characterized by a foetid smell. The species is found in
tropical and subtropical regions of Asia including India, Myanmar, Bangladesh,
Malaysia, Indonesia, Thailand, Bhutan and Nepal; and also in temperate China. It is
erect, reaches up to 1.5-3.5 m in height and is evergreen. Branchlets are usually 4-
angled when young. Leaves are simple, opposite or rarely whorled. Leaf base is
wedge- shaped to heart-shaped, margin entire to slightly wavy, tip long-pointed to
pointed. Flowers are white and borne in 4-6-branched corymbose cymes, at the end
of branches. Inflorescences loosely cymose or capitate, in terminal or rarely axillary
paniculatethyrses. Calyx is campanulate or cup-shaped, densely pubescent. Corolla
with a slender tube; lobes 5, spreading. Fruit is a drupe with 4 1-seeded pyrenes,
sometimes separating into 2 2-loculed or 4 1-locular mericarps. It flowers during
post-monsoon, from August to December. C. colebrookianum, has been reported to
have antidiabetic, antihypertensive and sedative properties (Cheng et al., 2001; Kang
et al., 2003; Chae et al., 2004; Choi et al., 2004). The boiled leaves of C.
colebrookianum is used for the treatment of high blood pressure of both the Mishing
tribes of Arunachal Pradesh and Cachar District of Assam (Paul et al., 2010,
Yonggam 2012). Naga tribes of North eastern India also use the leaf of this plant as
anti-helminthic properties and to cure intestinal helminth parasitic infections
(Temjenmongla and Yadav (2005). In Mizoram, north-east India, it is considered as
anti- canceros herbal drug and also used to increase breast milk (Lalramnghinglova,

2003). Besides, it is one of the delicious vegetable recipes of local people.
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For successful management of plant genetic resources, germplasm evaluation
based on morphological characters, genetic variability and agronomic values of the
species is very important (Sevile and Holle, 1995). Conservation policies for the
economically important species are now being laid on the basis of their sustainable
utilization and conservation through cultivation is one such potential option
(Nautiyal et al., 2001). Furthermore, this also provides alternatives to improve the
livelihood of people, to generate self-employment options and replacement of low
yielding traditional crops with high beneficial cash crops. Therefore, efforts are also
needed towards domestication. For successful domestication, information on natural
habitats, regeneration status and propagation techniques are very much important.

Population assessment in natural habitats is considered necessary for
developing in-situ conservation strategies. To develop appropriate conservation
strategies for economically important species of wild occurrence or threatened
species, details of occurrence, availability and distribution pattern in natural habitat
are required. To date, the assessment of threat categories to species in India
including Indian Red Data Book is mostly based on qualitative observations
(Pangtey and Samant, 1988; Samant et al., 1996; 1998; Pandey and Well, 1997).
Very few studies have used both qualitative and quantitative attributes for
assessment of species status (Samant et al., 1996; Airi et al., 1997; Airi et al., 2000;

Bhatt et al., 2005; Bhatt et al., 2006).

Nature sustains wide range of variability of germplasm which needs to be
observed for the conservation point of view both in situ and ex situ including future
cultivation and crop improvement study. Occurrence of natural variation within a

species is a part of evolutionary strategy to survive against risk (Reich et al., 2003).
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No two individuals in sexually reproducing populations are the same. A species
regenerating in wild shows variation among populations at different levels i.e.
morphological, genetically and biochemical variations. These variations may be
environmentally or genetically induced. Morpho-biochemical and genetic variations
within species are often associated with the difference in geographical features and
climatic conditions. Variations in morphological features help to assess genetic

variation with superior genotype (Kumar et al., 2008; Malsawmkimi et al., 2013).

Long term viability of plant populations is related to the extent of genetic
diversity they maintain (Szczepaniak and Cieslak, 2009). Moreover, recovering
ability of declining populations is also related to and determined by genetic
variations (Schemske et al., 1994). In terms of setting priorities for conservation,
especially with regard to successful reintroduction of the populations in the wild,
studies on genetic diversity are being increasingly used. Supporting evidence from
many theoretical and empirical studies show a positive relationship between genetic

variation and fitness in animal and plant species (Ledig, 1986).

Seed is a unit of life developing from fertilized ovule. Botanically seeds are
essentially young plants whose life activities are going on at a minimum rate. They
represent the most critical phase of a plant's life cycle and are responsible for the
evolutionary continuum of plant species (Desai et al., 1997). It is a means of
multiplication, a vehicle of dispersal and a form of resistance to environmentally
unfavourable periods and therefore needs to work out in detail. Seed characteristics,
germination preferences and seed dormancy patterns have been proposed as tools for
understanding evolutionary patterns (Baskin and Baskin, 2004). The time duration
for which the seeds retain their viability varies with species and to some extent with
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the prevailing environmental conditions. There are seeds which remain viable for
hundreds of years and those which lose their viability within a week or a month.
What brings about the state of non-viability in a seed has been the subject of
extensive investigation.
In spite of immense medicinal values and local use of C. colebrookianum
Walp, information on existing germplasm variability in Mizoram, north-east India
and seed germination is lacking. An evaluation of the extent of variability is also of
immense importance for the selection of superior types. Similarly, seeds lose their
viability under normal storage condition within short period. Therefore, observations
are required to work out effect of storage conditions on viability and germination
potential of the species key to regenerate and survive in adverse condition. Keeping
in view the above background information, the present investigation was carried out
with the following objectives are set forth for present work:
1. To explore natural habitats of Clerodendrum colebrookianum for
phytosociological analysis and threat status in Mizoram.
2. To observe variability within species and selection of elite germplasm.
3. To observe microscopic feature of plants/ part constitute the drug.
4. To observe seed biology with special reference to viability, dormancy (if any)

and seed germinability under short and long storage conditions.
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Review of Literature

The literature pertaining to recent research works conducted in India and
abroad on the phytosociological analysis, germplasm variability, microscopic
evaluation and seed biology of a number of medicinal plants related to C.

colebrookianum Walp. have been reviewed in this chapter.

2.1 Phytosociological Analysis

Phytosociology is the branch of science which deals with plant communities,
their composition and development, and the relationships between the species within
them (Hennekens and Schaminee, 2001). Phytosociological studies envisage the
existing vegetation structure, species diversity, soil plant relationship; generate data
on seasonal and temporal variation in available nutrients. There has always been a
need to analyze and interpret the plant communities on different exposures and
together firsthand information of the vegetation of this unexplored and floristically
rich area. A phytosociological system is a system for classifying these communities.
The aim of phytosociology is to achieve a sufficient empirical model of vegetation
using plant taxa combinations that characterize univocally vegetation units. It
indicates species diversity which determines the distribution of individuals among
the species in a particular habitat. Quantitative information on a species plays a vital
role in formulating a conservation plan and in understanding the ecology of the
species (Uniyal et al., 2002). Therefore, association of tree species (Dobrovi et al.,
2006) as well as herbs (Bhatt et al., 2005; Bhatt et al., 2006) was also studied

through phytosociology in India and abroad.



Manjunatha et al. (2001) studied the vegetation pattern of Bhadra wild life
sanctuary, and they analyzed frequency, density, A/F ratio, IVI value. A total of 3,405
individuals were encountered from the sampling sites. Helecteres isora and Terminalia
paniculata were the dominant species in all transects of sampling sites.

Ayyappan and Parthasarathy (2001) worked on the patterns of tree diversity
within a large-scale permanent plot of tropical evergreen forest, Western Ghats. Their
study depicted that extent of variation in tree diversity assemblages in relatively
“homogeneous” forest (for the sample size considered), under the same prevailing
climatic and soil conditions, except for the minimal topographic variations of which with
or without streams. The spatio-temporal distribution of tree species assemblages in the
forest stand is possibly governed by a multitude of factors.

Padalia et al. (2004) analyzed the pattern of tree species diversity, diameter
class distribution, species versus girth class relationship, evenness characteristic and
similarity parameters of tree populations for different forest types of Andaman,
India. The tree layer in evergreen forest is dominated by Myristica andamanica, with

the highest 1VI of 16.42.

Supriya Devi and Yadava (2006) studied the floristic diversity of Dipterocarpus
tuberculatus, dominated forest of Manipur, North-Eastern India. A total of 123 species
belonging to 48 families were recorded. The quantitative features such as density and
importance value index of species varied significantly. The diversity index of shrubs and
herbs were found to be higher than the tree species. The concentration of dominance was
recorded highest in the tree species. The presence of low number of higher girth class of
tree species and higher number of the saplings and seedlings indicates that the present
forest is young exhibiting frequent regeneration.

Reddy et al. (2008) studied the assessment of quantitative structure and floristic
composition of tropical forest of Mudumalai wildlife sanctuary. Forest structure was
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analyzed across girth classes and height intervals. Altogether 156 tree species were
analyzed and vegetation type-wise importance value index, Shannon- Weiner index,
Simpson index, Margalef’s index and Pielou index were calculated.

Perveen et al. (2008) prepared an inventory of plant species of Dureji game
reserve. A total of 79 plants species were collected belonging to 66 genera under 32
families. Three rare species were found and observed quantitative analyses on species
diversity in addition to phytosociological attributes. Analysis was conducted for some
other ecological parameters also such as life forms, density, relative density, cover,
relative cover, frequency, and relative frequency.

Khurana (2009) analyzed phytosociological attributes of woody vegetation,
along the disturbance gradient in tropical dry deciduous forest. Maximum numbers of
trees, seedlings, saplings were recorded in protected area and minimum in hillocks.
Shrub spp. was maximum because of open canopy.

Singh and Singh (2010) studied the biodiversity of macrophytes in drains and
their embankment of Jaunpur, Uttar Pradesh, India. They reported that
phytosociological characters such as frequency, density and abundance were
influenced by the climatic, anthropogenic and biotic stresses prevailing at the three
study sites. All the species present at the study sites have shown maximum values of
frequency, density and abundance in rainy season in comparison to that of summer

and winter seasons.

Deb et al. (2011) investigated tree species diversity, population, structure and
species richness in a lowland tropical rain forest in the eastern Himalaya, with
reference to three distance canopy covered. They recorded a total of 1,053 trees
covering 130 species in 44 families. Lauraceae, Dipterocarpaceae, Euphorbiaceae,

Fabaceae, and Leguminaceae were dominated in the flora.
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Kumar et al. (2012) studied the vegetation diversity in degraded hills of bar
conglomerate formation in Rajasthan and reveals that highest population, frequency,
density and abundance was recorded in Zizipus mauritiana among trees and Euphorbia
caducifolia among the shrubs.

Moktan and Das (2012) studied the floristic diversity, dominance and
abundance to frequency ratio of tree, shrub and herb species in the sub-tropical
vegetation in Darjiling Himalaya and the dominant species recorded from these three
layers were Schima wallichii (IV1-37.64), Eupatorium adenophorum (1VV1-34.93) and
Oplismenus compositus (IVI1-21.72) respectively. The maximum species diversity
(Shannon-Wiener Index) was marked for herbs (3.357) followed by shrubs (3.130)
and lowest for the trees (2.927). The highest concentration of dominance was
recorded for tree species (0.085) and lowest for herbs (0.052). Most of the species

were randomly distributed whereas some showed clumped distribution

Kour and Sharma (2012) studied the diversity and Phytosociological analysis
of Tree species in Sacred Groves of Vijaypur Block, Samba (J&K), India. Their
study enumerated altogether, 28 tree species. Based on the calculations of frequency,
density and abundance, 1VI of each species was calculated. The basal area of the
trees varied between highest of 712.33 m?/ha for Ficus religiosa followed by 472.16
m?/ha for Eucalyptus citridora and a lowest of 3.16m%ha for Morus alba. The
overall tree diversity in sacred groves calculated by Shannon Weiner index was
found to be 2.62. Some important trees in the groves are Mangifera indica, Syzygium

cumini, Eucalyptus, Ficus religiosa etc.

Sinha and Sinha (2013) studied the phytosociological analysis of vegetation
of Koria district in Chhattisgarh. Their study revealed that plants having 100%
frequency were Alangium lamarckii, Diospyros melanoxylon, Lawsonia inermis,
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Vicia sativa and Shorea robusta. Maximum density and abundance was observed in
case of Vanda roxburghii and Cassia sophera which was 200, 150 and 166.6
respectively. Minimum density and abundance was observed with Curculigo
orchioides (0.25 and 5), Cordia macleodii (0.5 and 5) and Tecomella undulata (0.25

and 5).

Moktan and Das (2014) studied the species richness and phytosociology in
cold temperate zone vegetation of Darjiling Himalaya. The diversity indices
represented the dominant species like Rhododendron arboreum Smith, Daphne
bholua var. glacialis (Smith and Cave) Burtt and Fragaria nubicola (Lindley ex
Hooker f.) Lacaita and rare species like Gamblea ciliata C.B. Clarke, Sambucus
adnata Wallich ex DC., Treutlera insignis Hooker f., Arisaema concinuum Schott
and Codonopsis affinis Hooker f. and Thomson. The maximum species diversity was
marked for herbs (4.332) followed by shrubs (3.577) and lowest for trees (3.131).
The highest species richness (Menhinick’s Index) was estimated for herb layer
(3.568) and least for the canopy (1.799). The concentration of dominance was 0.056,
0.032 and 0.014 respectively for the three layers. The species evenness was greater

for herb layer (0.980) and least for the canopy (0.911).

Rao et al. (2015) studied the population structure and tree species diversity of
Khammam district, Telangana state, India. They reported a total of 110 species
belongs to 82 genera and 40 families. Among these only one family belongs to
monocots (Arecaceae). Highest important index value was reported for the species
Mangifera indica (8.29) followed by Tamarindus indica (6.66), Ficus religiosa
(5.23), Xylia xylocarpa (4.53), Madhuca longifolia (4.48), Terminalia bellerica
(4.43) Ficus benghalensis (4.34), Ficus hispida (4.34), Semecarpus anacardium

(4.34) and Terminalia chebula (4.23).
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Ismail et al. (2015) analyzed the phytosociological characteristics and the
diversity patterns of herbaceous plants in Rashad and Alabassia localities of Sudan.
During the study period, a total of 48 species, representing 42 genera from 20
families, were recorded. The phytosociological characteristics revealed that
Tetrapogon cenchriformis dominated herbaceous species in sites 1, 7, 10, 11 with
IVI values 139.3, 113, 70.3 and 95.8, respectively, followed by Spermacoce pusilla
dominating sites 3, 4, 5 and 6 with IVI values 65.1, 50.4, 104.2 and 133.5,
respectively. The distribution pattern revealed that 87.5 per cent species showed

aggregated distribution, while 12.5 per cent were randomly distributed.

Shahid and Joshi (2016) studied the phytosociological analysis for tree
species in three forest ranges (Barkot, Lachchiwala and Thano) of Dehra Dun forest
division, Uttarakhand, India. Their study revealed that species richness ranged
between 6 species in Thano to 15 species in Barkot. Among all the species, Shorea
robusta was the dominant species in the Barkot range with the VI value 141.32. In
Lachchiwala range, the maximum IVI (126.36) was for the Shorea robusta. Mallotus
philippensis and Syzygium cumini has the VI value of 33.28 and 29.84 respectively.

Similarly, at Thano range also, the Shorea robusta has the maximum VI (187).

Tikariha et al. (2016) studied the phytosociological analysis of weed species
in Durg District of Chhattisgarh state, India. They reported that 1VI ranges from
4.22 t0 26.15, Mean 13.41, Median 9.99, Mode 25.77, SD were 36.58 while SE were
5.39 and coefficient of variance were 272.78. Blumea lacera shows maximum IVI
26.15 and minimum was in Boerhaavia difussa, (4.22) and other are present in
between this range. Plants showing maximum frequency were Cynodon dactylon,
Cyperus rotundus etc. the numerical strength and abundance was recorded as high in

Alternanthra paranychioides, Andropogan odoratus, Medicago denticulata. Density
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range is 0.2 to 2.3, and abundance range from 1.0 to 7.0. Plants showing minimum

frequency were 0.5 t0 5.6.

Singh and Shukla (2017) studied the ecological investigation of some
selected medicinal plants of Anpara region of Sonebhadra district of India. In their
study 15 medicinal plants has been studied during rainy season with special
reference to their phytosociological aspects viz Relative Frequency, Relative
Density, Relative Dominance as well as Importance Valve Index (IV1). Their results
revealed that out of 15 selected medicinal plants Cynodon dactylon maximum value
of RF, RD, RM, IVI followed by Vernonia cinerea Abrus precatorius. Plant

Scoparia dulcis has minimum value of RF, RD, RM, IVI.

Hailu (2017) analysed the phyto diversity, distribution, herb biomass and
physico-chemical conditions of the vegetation system in the context of communal
continuous open grazing and enclosed grazing management practices in the Harishin
rangelands of Eastern Ethiopia. A total of 58 herbaceous species and 11 woody
species were recorded. Analysis of Importance Value Index for two management
practices was represented by different combinations of species with varied
dominance. The herbs’ diversity—dominance curve revealed a lognormal distribution
in both managements practices. The overview of distribution patterns for most of the
species layer showed contiguous growth and a clumped distribution pattern. Species
diversity, richness, herb biomass, basal cover and soil physico-chemical attributes

showed a distinct separation in relation to grazing management practices.
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2.2 Germplasm variability

2.2.1 Genetic variability

In plants, genetic diversity within a species is often correlated with its
geographical and ecological ranges (Szczepaniak and Cieslak, 2009). Among various
factors, population size and habitat distribution greatly affects the level and
distribution of genetic variation. According to population genetic theory, the
populations (i) that remain small for several generations (genetic drift), (ii) initiated
from a small number of colonists (founder effect), or (iii) that suffer rapid decline in
size (population bottleneck) leads to loss of genetic diversity (Barrett and Kohn,
1991). Such anticipated effects not only reduce the chances of population persistence
but also have serious implications on possible species extinction. Therefore,
understanding the genetic consequences of such changes in population structure and
their effects on the conservation value are major research challenges. Furthermore,
ex situ conservation and domestication of wild species requires screening of wild
populations for adaptability and in case of economically important plants. It also
requires identification of best strains in terms of best quality and quantity of
chemical constituents including bioactive molecules. Thus, maintenance of genetic
diversity in conservation planning has become a central theme for survival of species
(Falk and Holsinger, 1991).

The most easily obtained assessment of genetic variation is that of measuring
morphological or phenotypic variation. Advantage of studying morphological
variation is that phenotypic characters are often ecologically adaptive. Such
morphological variation is often assumed to indicate genotypic variation, local

differentiation or ecotypes. In these cases, variation in phenotype indicates
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underlying variation in genome. The classic studies of Clausen et al. (1948) on
Achillea lanulosa ecotypes showed that the morphological differences of ecotypes
are often indicative of genetic differences in many other genes. Several attempts
have already been carried out regarding intra-population variations including
Nautiyal et al. (2003); Vashistha et al. (2006) and Purohit et al. (2008). Observations
on morphological characters of Lilium (Lykkegaard, 2006; Balode, 2007) and a
number of medicinal plant species was performed by several workers (Cirak et al.,
2006; Dusek et al., 2007; Shimono et al., 2009; Sharma et al., 2009). These studies
reveal that variability in morphological trait was due to interaction between genotype
and environment.

Nautiyal et al. (2003) studied the assessment of diversity among

populations on Nardostachys jatamansi. Vashistha et al. (2006) also assessed the
population of two species of Angelica viz. A. glauca and A. archangelica. Studies
conducted on population assessment of Swertia chirayita (Bhatt et al., 2006) and
Swertia angustifolia (Bhatt et al., 2005) indicated the poor availability of these
species in their respective study area. A number of studies on population assessment
of various medicinal plants were taken by a number of researchers (Kala, 2000;
Uniyal et al., 2002; Rawat and Uniyal, 2004; Kala, 2005; and Semwal et al., 2007)
to know the current status and nature of endangerment of the medicinal plant species
in Himalayan region.
2.2.2 Heritability and Genetic Advance

Any crop improvement depends on the magnitude of genetic variability and
the extent to which the desirable characters are heritable. The role played by
environment in expression of economic characters also needs to be taken into

account. No doubt that the efficiency of selection depends mainly on the extent of
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genetic variability present in the population. However, Burton (1952) suggested that
co-efficient of variability together with heritability estimate will give a good picture
of amount of genetic advance to be expected from selection. Similarly, Thakur and
Choudhary (1965) reported that high heritability estimates together with high genetic
advance and high genotypic coefficient of variability lead to high genetic gain.

Phenotype of an individual is determined by genotype and environment in
which it grows. Success of a breeder in changing and improving the heredity of a
character depends upon the degree of correspondence between phenotypic and
genotypic values. Heritability is a measure that provides this information
(Dabholkar, 1992). Heritability in broad sense or degree of genetic determination is
proportion of total hereditary variance to phenotypic variance. The more useful
estimate i.e. narrow sense heritability or degree of resemblance between relatives is
ratio of additive genetic variance to phenotypic variance (Falconer, 1989). The most
important function of heritability in the genetic studies of metric characteristics is its
predictive role in expressing the reliability of phenotypic value as a guide to
breeding value (Falconer, 1989). Genetic advance means improvement in the
performance of selected lines over original population.

Heritable wvariation can be determined with greater accuracy, when
heritability is studied along with genetic advance (Swarup and Chaughale, 1962).
High heritability with high genetic gain is associated with additive gene effects
(Panse, 1957). On the contrary, non-additive gene effect (dominance or epistasis) is
associated with characters exhibiting high heritability and low genetic advance.

Rajagopal and Kandhasamy (2009) studied the heritability (%) and genetic

advance in 18 genotypes of glory lily (Gloriosa superba L.). They obtained the
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higher estimates of heritability and genetic advance as per cent of mean were

obtained per plant for number of leaves, fresh pod yield and fresh seed yield.

Singh and Kumar (2010) studied the heritability and genetic advance for
yield and its component traits in tulsi (Ocimum sanctum L.). Both additive and non-
additive gene effects were present. Mean square due to lines, testers were also found
significant for all the characters. They obtained moderate to high heritability for
almost all the characters under study. The characters with high heritability were dry
herbage yield, spike length, plant height and Fresh herbage yield. The traits having
high heritability coupled with high genetic advance was fresh herbage yield.

Dalkani et al. (2012) assessed the genetic diversity in 10 populations of
Iranian Ajwain based on agronomical and morphological characteristics. Among the
characteristics studied, a high coefficient of variation was observed for the number
of seeds (197.58), single plant yield (57.56) and shoot dry matter (56.28). Broad-
sense heritability for all of the characteristics studied was moderate to high, and
varied from 0.41 to 91 per cent with the exception of the number of branches, length
and ripening period, which had low broad-sense heritability.

Sundesha and Tank (2013) studied forty-six genotypes of ashwagandha for
twelve morphological and biochemical traits. High heritability along with high
genetic advance was observed for dry root yield per plant, total alkaloid content in
roots and number of secondary branches. High GA indicates that variation for these
characters is due to additive gene effects and consequently the scope is more for
improving dry root yield per plant and total alkaloid content through selection.

Tuppad et al. (2017) studied the heritability and genetic advance for vyield
and yield contributing traits were studied on Holostemma adakodien accessions.

Broad sense heritability values revealed high heritability for fruit length (97.75 %),
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petiole length (94.87 %), pedicel length (94.12 %), number of fruits per plant (92.89
%), plant height (90.61 %), leaf length (87.80 %), fruit diameter (86.82%), leaf width
(85.86 %) and thickness of mesocarp (62.50 %). The highest genetic advance was
recorded for number of fruits per plant (78.73 %), petiole length (65.47 %), pedicel
length (47.27%), leaf width (39.88 %), plant height (31.36 %), leaf length (29.80 %),
fruit length (25.91 %), thickness of pericarp (22.90 %)

2.2.4. Correlation Studies

Usually more than one trait is measured on progenies evaluated either for a
specific trait in cyclical selection programmes or in applied breeding programmes
that require a combination of traits to satisfy growers. Although yield is the primary
trait of interest, yield contributing traits are all other corollary traits that a breeder
must consider for eventual usefulness of genotypes evaluated. It is natural that the
attention is given to associations among traits during selection and testing of
genotypes.

Correlation, measured by a correlation coefficient is important in plant
breeding because it measures the degree of association, genetic or non-genetic
between two or more characters. If genetic association exists, selection for one trait
will cause changes in other traits called the correlated response. The cause of
correlation can be genetic and/or environmental. Genetic causes may be attributed to
pleiotropism and/or linkage disequilibrium. When genes are not closely linked,
linkage disequilibrium is not an important cause of correlation between characters in
random mating populations. In such cases the existence of genetic correlations is

mostly attributable to pleiotropism (Hallauer and Miranda, 1982).

Rao et al. (2008) studied the correlation of morphological traits in a
population of Curcuma amada Roxb. Finger weight had significant and positive
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correlations with all the other characters except sheath length. The highest
correlation was recorded with corm weight (r = 0.772), while partial and multiple
correlations suggest that corm weight, herb yield and finger length are important
components for increasing finger weight.

Raghu et al. (2011) analyzed the variability and correlation of characters
among five accessions of Gmelina arborea collected from different geographical and
agroclimatic regions of South India. All the five accessions showed different levels
of morphological and phytochemical variability. Among the morphometric
characters studied, leaf length, leaf breadth, leaf area and petiole length showed
significant positive correlation towards each other.

Wani et al. (2012) Evaluated Jatropha curcas germplasm comprising seven
accessions and their results indicated a wide range of variability in vegetative growth
and other qualitative attributes. Seed yield/plant had a positive and significant
correlation with number of branches/plant, oil yield, plant spread (r=0.806, 0.802,

0.782), plant spread had a highest correlation with plant height (r=0.840).

In order to generate information on character association, and influence of
characters on rhizome vyield of cultivated Atractylodes macrocephala, correlation
analysis for 21 morphological characters were studied by Zheng et al. (2013) on 100
morphologically distinct accessions. The significant and positive correlation for dry
rhizome vyield per plant was observed with the largest diameter, number of buds,
number of branches and shape of the rhizome, and closely followed by primary
branches per plant, plant height, plant crown, and apical lobule length and width of
the largest lower leaf .

Aguilera-Cauich et al., (2015) conducted a study to determine the genetic
variation and relationships between American accessions of Jatropha curcas from

19| Page



different origins. The principal component analysis explained 75.99 per cent of the
total variation in three components. Repeatability analysis showed a low effect of the
environment on the characters associated with oil yield (R = 0.99), 100 seed weight
(R = 0.98) and seed volume (R = 0.97), indicating a high level of diversity among
accessions and the feasibility of finding desirable characters in each collection.
Metougui et al. (2017) studied the correlation analysis among 30 quantitative
traits of Argania spinosa (L.) and their results revealed that vigor traits (leaf and
shoot sizes) were positively correlated with fruit traits. Broad sense of heritability
estimates were high for clustered leaf traits and thorn numbers (H2>0.90) and for

most of the fruit, stone and almond traits (H2>0.70).
2.3 Microscopic Evaluation

Plant anatomy describes the physical form and external structure of plants. It
is now frequently investigated at the cellular level, and often involves the sectioning
of tissues and microscopy. Studies on anatomy of plants have much significance in
different sectors investigation. Anatomical studies can explain where, what, when
and how level chemical compounds deposited, cellular changed, cellular
abnormalities are occurred. The anatomical studied can be clarified the qualities of
the wood properties. Anatomical studies can be a potential tool of taxonomic studies,
mainly where there is no reproductive organ (Solereder, 1908; Metcalfe and Chalk
1950).

Idu et al. (2009) undertaken a comparative study of the morphological and
anatomical features of the leaves and stems of Stachytarpheta jamaicensis and S.
cayennensis. The presence of angular stem and pubescent leaves in the latter

distinguishes it morphologically from the former, which is characterized by smooth
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circular stem and glabrous leaves. The presence of trichomes was there in the leaf of
S. caynnensis but absent in S. jamaicensis.

The anatomical features of Indigofera aspalthoides reveals that the
mesophyll is differentiated in to adaxial zone of palisade cells, median level of
circular cells and adaxial zone of spongy parenchyma cells. The lamina possesses
reticulate venation system with wide, irregularly shaped vein-islets and well defined
vein terminations. Calcium oxalate crystals are fairly abundant in the leaf mesophyll,

cortical cells of the stem and phloem parenchyma of the root (Tamilselvi et al., 2011)

Mubo and Osiyemi (2012) investigated the anatomy, morphology and
trichome distribution of leaves of two medicinal plants, viz. Harrisonia abyssinica
and Spathodea campanulata. from Nigeria. Both the species showed variations in
stomata types, epidermal cell shape, size and trichomes morphology. Trichomes
were mostly multicellular and glandular on adaxial surface of H. abyssinica, on the
two surfaces of S. campanulata, they were glandular and non-glandular. Stellate
hairs were observed in S. campanulata. Trichomes were well segmented in H.
abyssinica. Trichomes of S. campanulata on abaxial surface had aggregates of 5
basal cells, in H. abyssinica there was just one basal cell.

Cali (2014) determined the anatomical characteristics of the root, stem, leaf,
petiole, calyx and corolla of medicinal species of A. orientalis in Turkey. Their study
revealed that the pith rays of the root composed 3 to 4 rowed cells and stem was
quadrangular. The shape of pith cell in the stem was ovaidal-polygon. There were
glandular and non-glandular hairs on the surface layers on stem, leaves, petiole,
calyx and corolla. Starch particles were also detected in the cortex cells of stem. The

stomata were diastatic and the leaf was bifacial.
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Elkamali et al. (2016) investigated the anatomical characters of the stems and
leaflets of T. longipetalous, T. pentandrus and T. terrestris. The anatomical
structures of the three studied species are very similar. The stems are formed of one
layer epidermis, parenchymatous cortex, pericyclic fibers above the collateral
vascular bundles, primary and secondary xylems and phloems, narrow medullary
rays and wide parenchymatous pith. The densities of the epidermal hairs in the stems
are found to be larger in T. pentandrus followed by T. longipetalous and lastly T.
terrestris. There are sclrenchymatous fibres in the pith of T. longipetalous and T.
pentandrus but not in T. terrestris. The leaflets are dorsiventral, showing kranz
structure and different types of hairs. The densities of the epidermal hairs in the
leaflets are found to be larger in T. longipetalous followed by T. pentandrus and
lastly T. terrestris.

Tekin and Eruygur (2016) studied the anatomy and histology of the
vegetative and reproductive organs of Haplophyllum telephioides Boiss., The
anatomy of plant parts such as stem, leaf, sepal, petal, filament and pistil, reveals that
stem has incipient secondary growth. The leaf was amphistomatic and the mesophyll
is equifacial. Stomata were anomocyticand sunken. The leaf was coated by a thick
cuticle and above epicuticular wax. Schizogenous glands were found in all
vegetative and reproductive organs.

Ketjarun et al. (2016) investeigated the micromorphology of Evolvulus taxa
viz. Evolvulus alsinoides, Evolvulus nummularius and Evolvulus glomeratus and
reported that all taxa share several common features, such as a single layer of
epidermis on both sides of leaf surfaces, sinuous anticlinal epidermal cell walls,
anomocytic, paracytic or laterocytic stomata, and capitate glandular trichomes. Y-

shaped hairs were found in two species but not in E. nummularius. Similarly,
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isobilateral mesophyll occurs in both E. alsinoides and Evolvulus glomeratus, but a
dorsiventral mesophyll is present in E. nummularius. Stems consist of a single layer
of epidermis, one to four chlorenchyma layers, one to seven layers of cortical cells
and a bicollateral bundle with pith in the center. Pollens of all taxa are monads,
spheroidally shaped with 28-47 um diameter, and 15-pantocolpate apertures type
with microechinate ornamentation.

Florence and Domettila (2016) investigated the anatomical features of the
leaves and stems of the plant Gmelina asiatica. Their study revealed the anatomical
characters of Gmelina asiatica such as echinate epidermal cells, glandular trichomes,
anomocytic stomata, calcium oxalate crystals, periderm cylinder, phellem cells and
vascular bundle of leaf and stem explains typical features of Verbenaceae. This study
provides valuable information for reference and correct identification of the family
Verbenaceae.

Macro and micro morphology of the leaves of Abutilon figarianum and
Abutilon pannosum were compared by Mohammed Ali et al. (2017). Their study
reveals that the epidermises formed of one layer of small polygonal cells covered by
mucilage, large numbers of epidermal hairs appeared. The two leaves are
dorsiventral. The vascular bundles arch shaped surrounded by collenchymas and
ground parenchyma. The structures at the apex, middle and bases of the leaves were
similar, trichomes are denser in the middle region followed by the upper and lastly
the lower region.

Sultana (2017) studied the stem and leaf anatomical structure of Euphorbia
hirta L. Their results revealed that cross section of the stem has a circular shape
where epidermis was uniseriate and isodiametric. Cortex was distinctly formed with

about 5-6 rows composed of chlorenchyma and found laticifers. Tracheary elements
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were resembled by vessels and trachieds. In leaf, the epidermis was uniseriate,
regular, thin walled, usually similar in diameters and covered with thin cuticle layer.
Mesophyll was differentiated into palisade and spongy layers, was composed of

parenchyma cells.

2.4 Seed Biology

Germination begins the life cycle. It usually requires suitable temperature and
moisture. Germination consists of those processes which begin with water uptake
and which successfully terminate with emergence of the radicle or hypocotyl through
the seed coverings (Bewley and Black, 1982). Germination of seed represents a
dynamic period in the life cycle of plants and as a seed, makes the transition from a
metabolically quiescent to an active and growing entity (Kumar and Purohit, 2001).
For seed germination to occur, the dry, quiescent seed must imbibe water and
hydrated (Srivastava, 2002). If imbibition is prevented by impermeable seed coats, as
with hard seeds, germination cannot occur. Seed imbibition includes two
simultaneous processes: entry of water into the seed, and the swelling of seed
polymers. The swelling of the seed, resulting from the expansion of polymers and
the intercalation of water between polymers may be expected to create forces of
deformation in the expanding tissues (Leopold, 1983). Seed germination phase of
plants is considered critical for the cultivation of plants as its timing largely
predetermines the chances of survival of a seedling up to maturity (Thompson,1973)
and it indirectly determines the crop stand density and consequently the yield of
resultant crop (Gelmond, 1978). Temperature is important environmental factor that
regulates seed germination (Mayer and Poljakoff- Mayber, 1982). Alternate low and
high moderate temperature treatments induce and enhance germination of dormant

seeds (Dhyani et al., 2013).
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Gopikumar and Moktan (1994) noticed the highest germination in Cassia
fistula and Bauhinia purpurea with IBA at 300 ppm. Gibberellic acid and indole
butyric acid at 300 ppm concentration yielded the best germination and seedling
survival in Atropha belladonna (Bisht and Kediyal, 1995). According to Singh et al.
(1995), seeds of Quercus leucotrihophora treated with GAs solution 500 ppm for 24
hours gave maximum germination. GAz 400 ppm and 200 ppm recorded maximum
collar diameter and above and below ground biomass. A maximum germination
(89.5%) was obtained by treatment of Atropa belladonna seeds with GA31000ppm
(Elena et al., 1997).

Chauhan and Nautiyal (2007) noticed GAs at 100 ppm treatment seeds
favoured highest germination (90%) to Nardostachys jatamansi species. Similarly,
seeds of Pedicularis species treated with GAz solution 500 ppm for 24 hours gave
maximum germination (96%) (Ali et al., 2007), The seeds of Hippophae salicifolia
treated with 200ppm GAs improve germination up to 83 per cent (Airi et al., 2009).
Mohammad et al., (2010), reported that the soaking of Andrographis species seeds in
200 ppm GAsz improved germination (89%). A maximum germination (85%) was
obtained by treatment of Polygonatum rumicifolium seeds with GA3100ppm
(Prakash et al., 2011). Seeds of Ferula assafoetida treated with GAs 2000 ppm at 4°
C obtained 91.6 per cent germination (Zare et al., 2011).

Kandari et al. (2007) studied the effect of GA3, (100, 200, 300 ppm), at 3
temperature regimes (15, 20, 25°C) and 2 photoperiodic conditions (light and dark)
for enhancing and synchronizing the uniform germination in two endangered and
commercially important medicinal herbs of the Himalayan region namely Angelica
glauca Edgew and Pleurospermum angelicoides (Wall. ex DC.) Benth. ex C.B.

Clarke. The viability of freshly collected seeds was good but it declined under
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storage conditions at 4°C with time. In A. glauca, seeds treated with GA3 at 100 ppm
enhanced germination significantly (P<0.05) under light conditions at 25°C.
However, in P. angelicoides GA3 did not influence seed germination as compared to
control at 25°C under light conditions. Mean germination time was recorded lowest
under all treatments at 15°C for both the species.

Ramasubbu et al. (2012) analyzed the seed biological characters and
germination rate Coscinium fenestratum (Gaertn.) Colebr in the natural as well as in
the laboratory condition. The fresh seeds showed 65 per cent viability and 28 per
cent germinability. But the seeds pretreated with GA3 (1000-4000 ppm) showed 55
to 70 per cent germinability and 79 per cent of the seed germination observed after 6

months.

Patil et al. (2012) investigated the seed viability and influence of plant
growth regulators on in vitro seed germination and seedling development of
Digitalis purpurea L., a medicinally important cardiac glycoside producing plant.
Significantly higher seed germination (65.5 + 1.2% and 63.1 + 3.2%) was
observed on MS medium containing 10.0 uM BA and Kin, respectively. Addition
of 10.0 uM TAA in the MS medium was most effective for significantly highest
(81.0 + 3.1%) germination percentage. This was evident by significantly higher
germination speed (GS; 2.70 + 0.1), germination value (GV; 31.3 + 2.4) and vigor

index (VI; 259.1 £+ 10.1) on MS medium fortified with 10.0 uM TAA.

Ferodousi et al. (2014) studied seed germination of six indigenous medicinal
plants of Bangladesh, namely Adenanthera pavonina L., Helicteres isora L.,
Murraya paniculata (L.) Jack, Psoralea corylifolia L., Uraria lagopodioides (L.)
Desv. and U. picta (Jacg.) Desv. ex DC. The minimum days taken to germinate seeds

in Adenanthera pavonina L., Murraya paniculata (L.) Jack, Psoralea corylifolia L.,

26| Page



Uraria lagopodioides (L.) Desv. and U. picta (Jacq.) Desv. ex DC. are 12, 36, 10, 39
and 14, respectively. Seeds were not germinated in Helicteres isora L., however,
propagation through stem cutting in this species revealed that plants flowers and set
fruits only six to seven months. Epigeal type of seed germination was observed in all
cases.

Warakagoda and Subasinghe (2015) studied the seed germination of
Coscinium fenestratum, a threatened medicinal plant and their study revealed that
mature seeds of Coscinium fenestratum recorded 92.2 per cent germination on
exposure of seeds to direct sunlight for 6 h (sun cracking) followed by dipping seeds
in 2250 mg/L gibberelic Acid (GAs3) solution for 24 h. Seeds subjected to sun
cracking followed by water soaking for 24 h started to germinate 4 months after
sowing and continued up to 6 months while GA3 pre-treatments significantly reduce
the time taken for germination from 6 months to 3 months. Seeds of C. fenestratum
coupled with exogenous (physical, chemical and mechanical) seed dormancy created
by hard seed coat, inhibitory substances present in the seed coat and the endosperm
and endogenous (physiological) dormancy created by some other physiological
factors as high Abscisic acid (ABA)/ GA; ratio.

Tiwari and Dubey (2017) investigated the dormancy and germination
requirement in one year old and fresh seeds of Asparagus racemosus, Cassia
angustifolia, Abelmoschus moschatus subjected to 12 pretreatments. Abelmoschus
moschatus seeds, water soaking for 24 hrs, Gibbrellic acid and sand paper
scarification had higher per cent seed germination on fresh seed under in vitro and
in vivo conditions. In Asparagus racemosus hot water treatment (70 0°C) for 1hr

had significant positive effect closely followed by Cow dung Water + 24 hrs water
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Soaking (76.00). Cassia angustifolia, showed promising results with sand paper
scarification + 24 hrs water soaking under in vitro in vivo conditions.

Mehalaine et al. (2017) studied the seed germination behaviour of three
medicinal plants growing wild in Algeria, viz. Thymus algeriensis Boiss & Reut.,
Rosmarinus officinalis L., Marrubium vulgare L. and assessed the effect of
gibberellic acid (GA3) on breaking seed dormancy. The seeds were subjected to two
experiments. First, seed germination ability without pre-treatment by incubating the
seeds at ambient temperature (23+2 °C) and continuous darkness. Secondly, seeds
were treated with GA3 (125, 250, 500 mg/L) and incubated in thermoperiod
(25°C/16h, 15°C/8h) and continuous darkness. From the experiment one, T.
algeriensis seeds presented the highest germination percentage (94.43 %) followed
by M. vulgare (57.76 %). However, R. officinalis seeds did not germinate. The GA3
treatment did not exhibit any significant effect (P > 0.05) on the germination of the
three tested plants. The highest germination rates were observed in T. algeriensis
seeds (80 and 100 %) and M. vulgare (53.3, 73.3 and 86.7 %). R. officinalis seeds

presented very low germination rates with (3.3, 6.7 and 16.7 %).
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Materials and Mettiods

3.1STUDY AREA

3.1.1 Geographical location

3.1.1.1 Mizoram State

With a geographical area of over 21, 087 Sq km and perched on the high hills
of the North Eastern part of the country, Mizoram possibly has the most difficult
terrain, over 80% of the total geographical area being hilly and with steep hills
separated by rivers flowing North to South, thus, creating innumerable hurdles in
intra-state as well as inter- state communication. This landlocked area is bounded by
foreign countries on all sides except for a small stretch that rubs shoulder with
Assam, Manipur and Tripura. Its international border, which is about 722 km, is
almost 3 times longer than its border with the mainland. Mizoram lies between 21°
30" N to 23° 15" N Latitudes and 92° 16" E to 93° 26" E longitudes (Pachuau, 1994).
Mizoram is bounded on the North side by Cachar district of Assam and Manipur
state on the East and South by Chin Hills of Myanmar; on the west by Chittagong

hill tracts of Bangladesh and Tripura.

The topography of Mizoram is, by and large, mountainous with precipitous
slopes forming deep gorges culminating into several streams and rivers. Almost all
the hill ranges traverse in the North-South direction. The eastern part of Mizoram is
at a higher elevation compared to the western part. The average height of hill ranges
is around 920 m, although the highest peak, the Blue mountain (Phawngpui), goes

upto 2165 m.



3.1.1.2 Aizawl District

Aizawl district is situated in the northern part of Mizoram, it lies between 24°
25'16.04" and 23° 18’ 17.78" N latitudes and 92° 37’ 03.27"” and 93° 11" 45.69" E
longitudes. The total geographical area of Aizawl district is 3576.31 sg. km. and
accounts for 16.96 per cent of the total geographical area of the state. It is bounded
on the east by Champhai district and Manipur state, on the west by Mamit district
and Kolasib district, on the north by Assam state and on the south by Serchhip
district.
3.1.1.3 Kolasib District

Kolasib district is situated in the northern part of Mizoram, it lies between
24.1670° N latitudes and 92.7382° E longitudes. The total geographical area of
Kolasib district is 1382.51 sg. km. and accounts for 6.56 % of the total geographical
area of the state. The district is bounded on the north and northwest by Hailakandi
district of Assam state, on the west by Mamit district, on the south and east

by Aizawl district and on the northeast by Cachar district of Assam state.

3.1.1.4 Mamit District

Mamit District is situated in the north-western part of Mizoram between
23°15' 21.25” and 24° 15" 16.80" N latitudes and 92° 15' 44.54" and 92° 40' 39.63"
E longitudes. The total geographical area of Mamit district is 3025 sq. km. and
accounts for 14.35 % of the total geographical area of the state. The district is
bounded on the north by Hailakandi district of Assam state, on the west by North
Tripura district of Tripura state and Bangladesh, on the south by Lunglei district and

on the east by Kolasib and Aizawl districts.
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3.2 CLIMATE AND WEATHER

3.2.1 Mizoram

Mizoram has a pleasant climate. The upper part of the hills are predictably
cold, cool during the summer, while the lower reaches are relatively warm and
humid. Storms break out during March-April, just before or around the summer.
During winter, the mean air temperature varies from 11° C to 21° C and in the
summer it varies between 20°C to 32° C. The entire state is under the direct
influence of south west monsoon. The rainy season normally starts from June and
continues upto September and the rainfall is more or less evenly distributed
throughout the state excepting the south-western parts that generally receive slightly

higher rainfall.

3.2.2 Aizawl district

Aizawl district, the north central part of the state enjoys a moderate climate
owing to its tropical location. It is neither very hot nor too cold throughout the year.
Aizawl district falls under the direct influence of south west monsoon. As such the
area receives an adequate amount of rainfall which is responsible for a humid
tropical climate characterized by short winter and long summer with heavy rainfall.

Aizawl district enjoys a pleasant and moderate climate. It is generally warm
in summer and mild cold in winter. The climatic condition accorded to Aizawl can
be called humid-tropical, sub-tropical and sub-temperate climate characterized by

short winter and long summer with heavy rainfall.

The year may be divided into four seasons:

i) The winter lasts from December to February
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ii) The spring lasts from March to May

iii) The summer lasts from June to August

Iv) The autumn season lasts from September to November

The entire district is under the direct influence of maritime tropical air mass
brought in by south-west monsoon. The rainy season lasts from May to October
with an average rainfall of 2500mm per annum. July-August are the rainiest
months, whereas December and January are the driest months of the year with

almost no rainfall.

Humidity is relatively high nearly all the year round. The relative humidity is
highest during monsoon rains (about 90%). The period from January to April is
comparatively dry, whereas the relative humidity remains between 60 and 70 per

cent (Pachuau, 1994).

3.2.3 Kolasib district

Kolasib district enjoy moderate climate due to their tropical location. The
weather is neither very hot nor too cold throughout the year. The district falls under
the direct influence of the south west monsoon that receives an adequate amount of
rainfall during the monsoon season. The highest temperature is observed during the
months of April and May. May and June are the warmest months with mean daily
maximum of 36°C and the mean daily minimum of 18.5°C. The temperature falls
down sharply from the month of November and it is minimized in December and
January. The average rainfall of Kolasib district is 2703 mm per annum and highest
rainfall during a particular month was 852 mm recorded during August and July. The

salient thermo-characteristics of the district is that temperature do not fluctuate much
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throughout the year. The highest temperature observed during past decade was 35° C
in the month of July. The warmest months with mean daily maximum at about 26° C
and mean daily minimum at about 23° C was observed during June and July. The
temperature started to fall down from the month of November and it is minimize in

December and January.

3.2.4 Mamit district

The District is under the influence of Sub-Tropical Monsoon and the climate
is tempered to a great extent by the altitude of its terrain and therefore is pleasant and
not subjected to extremes. According to the classification of the Department of

Environment & Forest, Govt. of Mizoram, the year is characterized by four distinct

seasons:
1. Summer - March to May
2. Rainy - June to August
3. Autumn - September to October
4. Winter - November to February

The temperature varies between 10° to 24° C in between winter and summer.
The District receives abundant rainfall with an average of 2200 mm. It is heaviest
during June, July & August. The winter is normally cold and dry.

3.3. SOIL

3.3.1 Mizoram

The soils of Mizoram are dominated by sedimentary formation. These are
generally young, immature, morstly developed from parent materials such as
fereginous sandstones and shale. The soils of Mizoram are classified into three

orders such as ultisols, inceptosols and entisols (Sarkar and Nandy, 1976; Singh and
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Datta, 1989). The soils in the foot hills are collocium deposit and in plain areas
alluvial deposits are predominant. The soils as a whole are well drained except in
few valley flat lands. The soils in general have low inherent fertility viz. bases and
mineral reserves. The soils in the hills are strongly acidic in reaction, wheras the

soils in alluvial deposits are less acidic in nature (Anon., 1991)

The surface soils of the hilly terrains of Mizoram are dark, highly leached
and poor in bases, rich in iron and mostly acidic with pH values ranging from 4.5-
6.0. The soils are well drained, deep to very deep, rich in organic carbon, low in
available phosphporus content and high in available potash. The surface soil textures
are loam to clay loam with clay content increasing with depth. The percentages of
clay, silt and sand within 50 cm of the surface in most cases are 20-30 per cent and
25-45 per cent respectively. The pH and organic carbon contents decreases and clay
increases with depth. The base saturation above a lithic or paralithic contact is
mostly low which is below 35 per cent (Anon., 1991). They are capable of providing
substantial oxygen supply for plant growth and have capability to retain moisture

and maintain supply through the growing seasons of most crops.

3.3.2 Aizawl district

The soil of the district is acidic in nature due to heavy rainfall. It contains a
high amount of organic carbon and is high in available nitrogen, low in phosphorus
and potassium content. These are deep to very deep but moderately to poor drained.
The texture of the soil is mostly sandy loam to sandy clay loam. The soils found at

order level are - entisols, inceptisols and ultisols.
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3.3.3 Kolasib district

The soils in the valley flat lands of Kolasib District are dominated mainly by
loose sedimentary formations. The soils are brown to dark brown, poor in bases,
moderately acidic to neutral with pH ranging from 6.5 to 7.5, medium to high in
organic carbon content, low available phosphate and medium to high available
potash. These are deep to very deep but moderately to poorly drained. The texture of
the soil is mostly sandy loam to sandy clay loam. The percentage of clay, silt and
sand in the upper 50 cm ranges 15-35 per cent, 5-34 per cent and 40-75 per cent

respectively (Anon., 2010).

3.3.4 Mamit district

The major soils of Mamit district is colluvial type. The soils of the district, in
general, have been derived from parent rock such as ferruginous sandstone, shale,
alluvial and colluvial materials. In general, the soil formations have been categorized
into following groups: Hills, which includes colluvial soil, formed along the steep
sided slopes because of accumulation of soil forming materials on slope surface.
Valleys soils occur as a mixture of colluvial and alluvial materials. It is restricted to
the rolling valleys along the river cources. Terraces are the remnants of deposits of

cobbles and pebbles.

3.4 FOREST AND VEGETATION

3.4.1 Mizoram

The state of Mizoram falls under the tropical semi- evergreen belt. However,
due to reduced jhum cycles it is replaced by bamboo interspersed with secondary

forests. Various authors have classified the vegetation into different classes. Based
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on Champion and Seth’s Classification (1968) the following types of forests are
found to be present in the state: (a) Tropical wet evergreen forests ( up to 900 m) (b)
Tropical semi evergreen forests (900-1500 m ) and (c) Montane sub-tropical pine

forests (1500-2158 m).

Of the three types, the most important one is Tropical Wet Evergreen Forests
and are found in the Southern and Western parts of Mizoram. The common timber
species found in the se area are Dipterocarpus turbinatus, Artocarpus chaplasa,
Terminalia myriocarpa, Duabanga sonneratoides, Michelia champaka (Anon,

2003).

Tropical semi evergreen forest covers the central bio-geographic zone and the
coverage is approximately 50 per cent of the total geographical area. The common
timber species are:  Michelia champaka, Scima wallichi, Gmelina arborea,
castanopsis tribuloides etc. The Montane sub-tropical pine forest covers in the
eastern fringes bordering Myanmar and approximately extending from 1500-2158
msl and constitutes about 24 per cent of the total geographical area. The common
tree species are Pinus kesiya, Rhododendron arboretum, Quercus serrata, Quercuc

griffithii etc. (Anon., 2003).

3.4.2 Aizawl district

The forest type of Aizawl district is mainly tropical wet evergreen forest
mixed with semi- evergreen and tropical moist deciduous forests comprising mainly
of bamboo. There are also sub-tropical forest found at high altitude places. The
vegetation consists of a mixture of several species. Depending on the density of the
canopy cover, the forests have been divided into Dense/closed, Medium dense and

less dense forest. The dominant species in the district are Celtis tetrandra,
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Anthocephalus chinensis, Wendlandia grandis, Protium serratum, Phoebe
lanceolata, Phoebe attenuate, Ficus benghalensis, Garuga pinnata, Callicarpa
arborea, Albizzia chinensis, Oroxyllum indicum, Aporusa octandra, Erythrina stricta

etc.

3.4.3. Kolasib district

Kolasib district falls under the Tropical Wet Evergreen Forests. The common
tree species found in the district are Acrocarpus fraxinifolius, Adina cordifolia,
Albizzia lebbek, Areca catechu, Artocarpus chaplasa, Bauhnia variegata, Bombax
ceiba, Butea parviflora, Callicarpa arborea, Duabanga grandiflora, Erythrina
stricta, Emblica officinalis, Ficus hirsuta, Garuga pinnata, Gmelina arborea,
Lagerstroemia parviflora, Parkia rouxburghii, Sapium baccatum, Schima wallichi,
Sterculia villosa and Tectona grandis. The dominant herb species growing around
the experimental area are Mikania micrantha, Euphatorium odoratum, Saccharum
spontaneum and Imperata cylindrica. Thysanolaena maxima is also found in

abundance.

3.4.4. Mamit district

The forest cover type of Mamit district is mainly tropical wet evergreen
forest associated with moist deciduous forests and semi evergreen forest. Semi
evergreen forests are found in small pockets on the hill slopes. The vegetation
consists of a mixture of several species. Depending on the density of the canopy
cover, the forests have been divided into Dense, Medium Dense and Less Dense

forests.

The dominant species in the dense forests are Macaranga indica,

Anthocephalus chinensis, Quercus dealbata, Phoebe lanceolata, Leea indica,
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Maniltoa polyandra, Dillenia indica, Leea compactiflora, Callicarpa arborea. The
vegetation of this forest is more or less similar with those species found in dense
forests. The only difference lies in the crown density of these forests. The common
vegetation of less dense forests are Croton hookeri, Phoebe hainesiana, Terminalia
myriocarpa, Erythrina Variegata, Mesua ferrae, Ficus religiosa, Macaranga indica,

Albizzia procera, Leea indica, Schima wallichii. etc.

3.5 AGRICULTURAL/HORTICULTURAL SCENARIO

3.5.1 Mizoram

Agriculture is the mainstay for about 60 per cent of the population of
Mizoram. Out of the total area only 21 per cent is put on the paddy/seasonal crops.
As high as 63 per cent of the total cropped area is under shifting cultivation. The
crops grown in the jhum are mixed. The principal crop is paddy and others are
maize, cucumber, beans, ginger, mustard, sesame, cotton etc. Paddy occupies almost
50 per cent of the total cropped area and more than 88 per cent of the total area under

food grains.

The state occupies an area of 41270.6 hectares under horticultural crops.
Being endowed with favourable agro-climate condition, Mizoram is suitable for
growing tropical, sub-tropical and even some of temperature fruits. A total area of
22,644.5 ha land has been covered for fruit cultivation in the state. The major fruit
crops are, Orange, Pineapple, passion Fruit, Banana, Mango, Papaya, Guava, jack
fruit, Grapes, Pear, Litchi and Apple. The state is highly conducive for the growth of
various commercial fruits including kiwi fruits. At present Banglore Blue variety of
grape is grown in large scale in the district of Champhai areas of Mizoram. From the

grape production of around 600 MT of fruit, wine/grape juice is produced for local
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consumption. A number of vegetables like cabbage, brinjal, tomato, french bean,
lady's finger, chow chow, cowpea, pumpkin, broccoli are also grown in the state.
The mild climate of the hills in Mizoram has the unique advantage of growing
almost all type of flowers round the year. Flowers like anthurium, roses, bird of
paradise, gladiolus, chrysanthemum etc. are grown successfully round the year.

Anthurium has been exported outside the state regularly.

3.5.2 Aizawl district

Majority of the population in Aizawl district are mostly shifting cultivators.
Rice cultivation in lowland and traditional shifting cultivation in hill slopes is the
main livelihood of the villagers. In general, the economic condition of the rural
people is low. The crop productivity per unit area is low due to poor technical know

how and biophysical causes associated with the land.

The district also houses a variety of horticultural plantations. The common
fruit crops in the district are orange, lemon, banana, pineapple, papaya. Similarly
vegetables like cucumber, cowpea, cabbage, french bean, chow chow are growing
commercially in the district. Among flowers, anthuriam, bird of paradise cultivation

started on commercial scale under greenhouses by the farmers of the district.

3.5.3 Kolasib district

In Kolasib District, farmers mainly grow Paddy in Jhum and flat lands
whereas WRC generally practice in rainfed conditions. Next to rice, maize comes
second as cereal crop which mainly grows in Jhum land during summer i.e. from
April to August. Winter Maize is also cultivated successfully where irrigation facility

is available. Among the oilseed crops sesamum, soyabean, groundnut, sunflower etc.
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are grown during Kharif and mustard M-27 and T-59 varieties are successfully
grown during winter. Pulses, beans, arhar, rice bean etc. are grown during Kharif.
Depending on the soil moisture condition, field pea, green gram, blackgram are
grown on the river side successfully during winter without irrigation. The total
cultivated area of the district is 12747 ha. Approximately, out of the total cultivated
area only 892 Ha. i.e. 7.2% area is irrigated by flow and lift irrigation. Most of the
area under hill slope cultivation and Jhum cultivation are rainfed. The economy of
the district centers around agriculture and paddy is predominant commodity which is
cultivated during kharif season and even during winter season in some pockets of the
district where assured irrigation exist. Maize is another important field crop and is

cultivated both during kharif and rabi season.

Most of the horticultural crops are grown under rainfed condition. The fruit
crops like mandarin orange, hatkora, banana, passion fruit, grape, and some
vegetable crops like beans, potato, cole crops, squash etc. spices like ginger, bird*s

eye chillies, turmeric etc. are highly popular and have good economic bearing.

3.5.4 Mamit district

Agriculture land has been divided into Kharif crop land and
Agricultural/Horticultural Plantation. Though Rabi crops are also grown in small
areas in a scattered manner they are not given separate class because they are less in
area. Major crop produced during the Kharif season is paddy and in the Rabi season,
pulses, grams, and mustard and vegetables such as cabbage, radish, carrot, tomato,
and potato are grown. Most of the area depends upon rain. Cropping intensity is less
than 160 per cent of the cropped area. In most of the area single crop is grown. Most

of the farmers follow Jhuming. The major cereal crops includes rice and maize,
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whereas rice bean, arhar, field pea, cow pea and French bean are the common pulses
of the district. Oil seed crops like soybean, seasamum and rapseed and mustard are

also grown commercially in the district.

The district is famous for orange plantation especially hatkora and mandarin
fruits. The great havoc of Citrus decline in the western belt of the state has brought
the blooming orange orchard to a standstill. A large number of Teak plantations also
exist. Few oil palm plantation areas have started coming up in the area while much

of the land left out still suits best for coffee and rubber plantation.

3.6 METHODOLOGY

3.6. 1. Survey of C. colebrokianum Walp.

Extensive surveys were made to identifying the natural habitats of C.
colebrokianum in different parts of Mizoram. Among the all locations, 10 locations
have been selected for the present investigation. Six plants were selected in each
location for the investigation. The details of the geographical coordinates of all
selected locations are presented in Table 3.1. The selected habitats were observed for
phytosociological observation and assessment of threat status and morpho-genetic

variability.
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Table 3.1: Different locations and their Geographical coordinates

SIno Location Latitude Longitude Elevation (m)
1 Durtlang N 23°46'30.0" E 092°44'00.3" 1254

2 Reiek N 23°41'45.7" E 092°36'44.0" 1148

3 Luangmual N23°45'39.1" E 092°43'19.4" 1041
4 Lungdai N 23°53'11.9" E 092°44'34.5" 1132
5 Serkhan N 23°54'25.2" E 092°44'27.6" 1028

6 Zonuam N 23°44'12.9" E 092°42'11.1" 1109

7 Chawlhhmun N 23°44'39.6" E 092°41'32.1" 942

8 Tanhril N 23°44'21.1" E 092°40'59.5" 901

9 Sakawrtuichhun N 23°76’11”° E 92°67°11.5" 440

10 Lengpui N 23°84°05.99” E 92°61°96.89"  426.11
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3.6.2 Phytosociological Analysis

The phytosociological studies were done by quadrat method. It was done by
laying ten quadrats of 5mx5m around the study sites. This was determined by
species area curve method as given by Mishra, (1968) and running’s mean method
of Kershaw, (1973). Proper care was taken to sample the most representative sites
belonging to the whole area. The whole study area was covered for the estimation of

relative frequency, relative density and relative dominance of various species.

3.6.2.1 Percentage Frequency

Percentage Frequency denotes the homogeneity of distribution of various
species ecosystem. It was calculated as per the methods of Curtis and Mcintosh

(1950) and Misra (1968) as follows and expressed in percentage.

Total number of quadrates in which species occurred

FreqUenCy =---==-==smmmmmmm e e x 100
Total number of quadrates studied

3.6.2.2 Abundance

Abundance of a species is determined as the number of individuals per
quadrat. Abundance was calculated as per the methods of Curtis and Mcintosh

(1950) and Misra (1968) by the following equation.

Total Number of individuals of species occurring

Abundance = -------- e x 100

Total number of quadrates in which species occurred
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3.6.2.3 Density
Density is defined as the number of individuals of a species in a unit area and
IS an expression of the numerical strength of a species in a community. From the
sampling data the density was calculated as per the methods of Curtis and Mcintosh
(1950) and Misra (1968) as follows
Total number of individuals of the species (per quadrate)

Density =--------- e E L ---- x 100
Total number of quadrates studied

3.6.2.4 Average basal cover

The average basal cover of each individual was calculated by using the
methods of Greig-Smith, (1983) as,

Average basal cover = nr” (cm?)

Where, r (radius)
3.6.2.5 Total basal cover

The total basal cover (TBC cm?m™) was obtained by using the methods of
Greig-Smith, (1983) by multiplying the average basal cover of each species by the
respective density to of each and every species.
3.6.2.6 Relative Frequency

The relative values of frequency of each species was calculated following
Curtis and Mcintosh (1950) to identify the status of C. colebrokianum population as:

Frequency of a species

Relative frequency A x 100
Frequency of all species

3.6.2.7 Relative Density
The relative density of each species was calculated following Curtis and

Mcintosh (1950) to identify the status of C. colebrokianum population as:

Density of a species
------------ x 100
Density of all species

Relative Density
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3.6.2.8 Relative Dominance
The relative dominance of each species was calculated following Curtis and
Mcintosh (1950) to identify the status of C. colebrokianum population as:
Total basal area of a species

Relative dominance D --x 100
Total basal area of all species

3.6.2.9 Importance Value Index (I1VI)

In order to record the dominance and ecological success of selected species,
Importance Value Index (IV1) was calculated. The index was calculated by summing
the three relative values viz., relative frequency, relative density and relative
dominance (Curtis and Cottom, 1956) as:

IVI = Relative frequency + Relative density + Relative dominance.

3.6.2.10 Abundance and frequency (A/F) ratio

The ratio and abundance of frequency (A/F) is a relative measure to present
the distribution of species in a community. It was calculated as per the method of
Whitford (1949) as: A/F < 0.025 regular; between 0.025 and 0.05 Random and >
0.05 contiguous distributions.

3.6.3 Threatened categories

For threat category assessment, two criteria, i.e. population estimation
(density and number of mature individuals) and extent of occurrence (number of
populations) were used as per IUCN Red List Categories (IUCN, 1993). During the
study only seed producing plants was considered as mature individuals. Further
species having matured individuals < 250 was considered as critically endangered, <

2500 as endangered and, < 10,000 as vulnerable. Similarly species having single
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population was categorized as critically endangered, 5 populations as endangered

and 10 populations as vulnerable.

3.6.4 Germplasm Variability :

3.6.4.1 Morphological features

Morphological features of plants from different habitats were observed as per
the methods given by Airi et al. (2000) and Nautiyal et al. (2003). Different
phenophases especially reproductive phase i.e. budding, flowering, fruiting, seed
setting and fruit dispersal was observed over the period of time in nature. Parameters
viz., plant height (cm), collar diameter (mm), number of leaves per plant, Biomass
production, root length (cm), root/shoot length ratio, root fresh weight (g),, shoot
fresh weight (g), leaf fresh weight (g), root and shoot dry weight (g), root/shoot dry

weight ratio, flowering and fruiting parameters.

3.6.4.1.1 Plant height (cm)

The height the six numbers of tagged plants were marked with permanent
marker at 15 cm above the ground level. Height of the plant was measured from the
red mark to the tip of youngest leaf. Finally the 15 cm length was added and the total

height was expressed in cm.

3.6.4.1.2 Collar diameter (mm)

The collar diameter of the tagged plants was measured at 15 cm above the

ground level and was expressed in mm.
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3.6.4.1.3 Number of leaves plant™

The total number of leaves produced by the six numbers of tagged plants during
the entire growth period was counted from the first leaf emergence up to the shooting

stage.
3.6.4.1.4 Biomass production

Total biomass production was determined by taking the weight of plant with

roots, leaves and fruits and finally they were added and expressed in kilogram.

3.6.4.1.5 Root length (cm)

The root length was calculated by uprooting the roots and measuring the root

length from the collar joint to the tip of the root and was expressed in cm.
3.6.4.1.6 Root/shoot length ratio

The root / shoot length ratio was calculated by uprooting the whole plant
along with the roots and measuring the root length and shoot length separately and
dividing the root length by the shoot length.

Root length

Root/shoot length ratio=--------------=----mmmmmmemm oo
Shoot length

3.6.4.1.7 Root fresh weight (g)

The root fresh weight was calculated by weighing the weight of the roots

immediately after harvest in digital balance and was expressed in g.
3.6.4.1.8 Shoot fresh weight (g)

The shoot fresh weight was calculated by weighing the weight of the shoots
immediately after harvest in digital balance and was expressed in g.
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3.6.4.1.9 Leaf fresh weight (g)

The leaf fresh weight was calculated by weighing the weight of the leaves

immediately after harvest in digital balance and was expressed in g.

3.6.4.1.10 Root dry weight (g)

The root dry weight was calculated by weighing the oven dry weight of the

roots in digital balance and was expressed in g.

3.6.4.1.11 Shoot dry weight (g)

The shoot dry weight was calculated by weighing the oven dry weight of the

shoots in digital balance and was expressed in g.

3.6.4.1.12 Root/shoot dry weight

The root/shoot dry weight was calculated by dividing the oven dry weight of

roots by the oven dried weight of the shoots.

Root dry weight

Root/shoot dry weight = ----------------m-mem oo
Shoot dry weight

3.6.4.2 Flowering and fruiting characteristics

3.6.4.2.1 Days required from bud initiation to bud differentiation

The number of days required from initiation of flower bud to the

differentiation of bud was counted in each population.
3.6.4.2.2 Days required from initiation of bud to flowering

The number of days required from the initiation of flower bud till the full

bloom in each population was counted.
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3.6.4.2.3 Number of flowers/inflorescence

The total number of flowers in each inflorescence in each population was

counted.

3.6.4.2.4 Length of inflorescences (cm)

The length of each inflorescence was measured with the help of a digital

vernier calliper and was expressed in cm.

3.6.4.2.5 Fruit setting percentage (%)

Per cent fruit set per plant was worked out with a formula given by Westwood

(1979).

No. of flowers able to set fruit
Fruit setting percentage =-----------=-=-mommmm oo X 100

No. of flowers present in each inflorescence

3.6.4.2.6 Number of fruits/inflorescence

The total number of fruits in each inflorescence of a plant in each location
was counted.

3.6.4.2.7 Days required from setting of fruits to maturation

The number of days required from fruit formation till the full maturity of fruits was

counted in each population.

3.6.4.2.8 Fruit retention percentage (%)

The fruit retention percentage was recorded by using the following formula:

No. of fruits retained till harest
Fruit retention percentage =---------=-======n=mmmmmmmm oo - X100

No. of fruits set in each inflorescence
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3.6.5 Statistical analysis

The statistical analysis was carried out for each observed character under the
study using MS-Excel, OPSTAT and SPAR 1.0 packages. The mean values of data
were subjected to analysis of variance as described by Gomez and Gomez (1983) for
Randomized Block Design (RBD). For estimation of different statistical parameters,
following procedure and formulae were adopted:

3.6.5.1 Analysis of variance

Source of Degree of Sum of Mean sum of Variance

Variance Freedom squares squares ratio
(V.R)

Replication (r) r-1 Sr Sr/(r-1) = Mr Mr/Me

Genotypes (g) 0-1 Sg So/(g-1) = Mg Mg/Me

Error (e) (r-1) (o-1) Se Se/(r-1) (g-1) = Me

Where,

r = Number of replications

g = Number of genotypes

Sr = Sum of squares due to replications

Sg = Sum of squares due to genotypes

Se = Sum of squares due to error

Mr = Mean sum of squares due to replications

Mg = Mean sum of squares due to genotypes

Me = Mean sum of squares due to error
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The calculated F-value was compared with tabulated F-value. When F-test was
found significant, critical difference was calculated to find out the superiority of one
entry over the others.
The standard error and critical differences were calculated as follows:

SE (m) + =/Me/r

SE (d) + = v2Me/r

CD0,05 =S.E. (d) Xt (0.05) (r-l) (g-l) df
Where,
SE (m) £ = Standard error of mean

SE (d) £ = Standard error of difference
CDy 05 = Critical difference at 5 per cent level of significance

All the traits, which differed significantly, were utilized further for estimation of

following genetic parameters
3.6.5. 2 VVariance
3.6.5.2.1 Genotypic variance

The Genotypic variance was calculated using the following equations (Burton, 1952)

as:
Genotypic variance (Vg) = (Mt- Me) /R
Where, Mt=mean sum of square due to treatments/populations
Me = mean sum of square due to error and

R=number of replications/populations
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3.6.5.2.2 Phenotypic variance

The phenotypic variance was calculated using the following equations (Burton,

1952) as:

Phenotypic variance (Vp) = Vg + Ve

Where, Vg= Genotypic variance
Ve= Environmental variance

3.6.5.2.3 Environmental variance

The environmental variances were calculated using the following equations (Burton,

1952) as:

Environmental variance (Ve) = Me

Where, Me = mean sum of square due to error
3.6.5.3 Coefficient of variation

3.6.5.3.1 Genotypic coefficient of variation (GCV)
GCV is a measure of total genetic variability existing in a particular character

and was calculated by using the formula as suggested by Burton and Devane (1953).
GCV (%) =VVg/X x 100

Where, X = General mean of population
\/g = genotypic variance
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3.6.5.3.2 Phenotypic coefficient variation (PCV)

PCV is the measure of total variation existing in a particular character and

was calculated as per the method of Burton and Devane (1953) as:
PCV (%) =Vp / X x100
Where, X = General mean of population
Vp= phenotypic variance
3.6.5.3.3 Environmental coefficient variation (ECV)

ECV is the measure of environmental variation existing in a particular

character and was calculated as suggested by Burton (1952) as:
ECV (%)= \Ve/ X x100
Where, X = General mean of population
Ve= environmental variance

GCV, PCV and ECV were classified (Sivasubramanian and Menon 1973) as shown
below.

0-10% = Low

10-20 = Moderate

21% and above = High

3.6.5.4 Heritability (in broad sense) (h?)
Heritability is the ratio of genetic variance to the total phenotypic variance. It was
was calculated by the formula as suggested by Allard (1960).

Vp

Heritability (%) = - x 100
Vg
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where,
Vg = Genotypic variance [Vg = (Mt - Me) / r]

Vp = Phenotypic variance [Vg + Ve]

As suggested by Johnson et al. (1955), h” estimates were categorized as
Low = 0-30%
Medium = 31-60%
High = 61% and above

3.6.5.5 Genetic advance (GA)

Genetic advance is the expected increase in the magnitude of a particular
character when a selection pressure of chosen intensity is applied. The expected
genetic advance (GA) resulting from selection of five per cent superior individuals

was worked out as suggested by Allard (1960).

GA =Vg. KAVp/Vp
Where, K = 2.06 (selection differential at 5 per cent selection index)
Vg = Genotypic variance [Vg = (Mt - Me) / r]

Vp = Phenotypic variance [Vg + Ve]

3.6.5.6 Genetic gain
It is expressed as per cent ratio of genetic advance and population mean was

calculated by the method given by Johanson et al. (1955).
Genetic gain = GA/ X x 100

The genetic advance as percent of mean was categorized as suggested by Johnson

et al. (1955) and is mentioned below:
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0-10% = Low
10-20% = Moderate

20% and above = High

3.6.5.7 Correlations

The genotypic and phenotypic correlations were calculated as per Al-Jibouri

et al. (1958) by using analysis of variance and covariance matrix in which total

variation has splitted into replications, genotypes and errors. All the components of

variance were estimated from the analysis of covariance as given below:

3.6.5.7. 1 Analysis of Variance and Covariance

Source of Degree of Mean sum of Mean sum of  Variance
variance freedom Squares products
X Y
Replications (r) r-1
Genotypes (g) g-1 Mg X Mg Y Mg XY =MP1 MP1/MP2
Error (e) (r-1) (o-1) Me X Me Y Me XY =MP2

Genotypic, phenotypic and environmental covariances between X and Y

characters were worked out as under:
Ve XY = MP2
Vg XY = (MP1-MP2) / r
Vp XY = Vg XY + Ve XY

Where,

Ve XY = Environmental covariance between X and Y

Vg XY = Genetic covariance between X and Y

Vp XY = Phenotypic covariance between X and Y
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3.6.5.7.2 Coefficients of correlation

3.6.5.7.2.1 Genotypic correlation coefficient between X and Y

VVgXxVgY

Where,
Vg XY = Genotypic covariance between X and Y
Vg X = Genotypic variance of X
Vg Y = Genotypic variance of Y

3.6.5.7.2.2 Phenotypic correlation coefficient between X and Y

rp: ----------------------------------------------------------
VVpXxVpY

Vp XY = Phenotypic covariance between X and Y
Vp X = Phenotypic variance of X

Vp Y = Phenotypic variance of Y

The calculated correlation coefficients (r) values were compared with ‘r’ tabulated

values as given by Fisher and Yates (1963) at (n-2) degrees of freedom to test their

significance, where ‘n” denotes number of genotypes. If calculated ‘r’ value at 5 per

cent level of significance was greater than tabulated value of ‘r’, the correlation was

said to be significant.

3.6.5.8 Regression

Regression matrix and multiple regressions to see the effect and relation of

different growth parameters on biomass was calculated by using software Windostat

Version 9.2 from Indostat services, Hyderabad (Plant Breeding Division, Sugarcane

Breeding Institute, Coimbatore).
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3.6.6 Microscopic Evaluation

Microscopic evaluation studies were carried out by taking free hand sections
of stem, leaf petiole and root of C. colebrookianum following Johansen (1940) and
Wallis (1985) methods. Photographs were obtained by observing free hand section
under microscope as well as methods described by dept. of AYUSH, Ministry of
H&FW, GOI, New Delhi as ‘Protocol for Testing of Ayurveda, Sidha and Unani

Medicines’. Thereafter, tissues were identified and key characters were identified.

3.6.7 Seed biology

3.6.7.1 Physical parameters of the seeds

For physical parameters of the seeds 20 seeds were taken in each replication.

3.6.7.1.1 Seed Weight (g)

The weight of the seeds was measured with the help of digital weighing

balance and expressed in g.

3.6.7.1.2 Seed Length (mm)

The seed length was measured with the help of digital vernier calipers and

expressed in mm.

3.6.7.1.3 Seed diameter (mm)

The seed diameter was measured by measuring the broadest portion of the

seeds with the help of digital vernier calipers and expressed in mm.
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3.6.7.2 Moisture Loss (%0)

The moisture loss was recorded immediately after collection and at 30 days
interval up to 90 days. The moisture loss percentage was assessed at each level as:
Moisture loss
Moisture loss %= -------------m-m---- X100
Fresh weight

3.6.7.3 Seed volume (cc)

Volume of the seeds was measured by water displacement method for which
seeds were dipped in a known volume of water in a measuring cylinder and after
immersing the seeds the rise in water level was noted. Ten replicates with 10 seeds in
each replicate were used for this purpose. Seed volume (V) was calculated using
following formula:

V =V2-V1
Where, V1 = initial water level

V2 =final level after dipping the seeds

3.6.7.4 Imbibition (%)

To determine the water uptake by the seeds, five replicates of five seeds each
was randomly taken and weighed individually for their initial weight using the
electric balance. Seeds was then soaked in distilled water and kept at room
temperature (25+2°C). Weight of these seeds was taken after every 24 hrs till the
constant weight (Baskin and Baskin, 1998). Water Imbibition was estimated as
percent increase in weight of seed using following formula.

Percent Imbibition = [Imbibed weight - Initial weight] / Initial weight x 100
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3.6.7.5 Seed viability

The viability of the stored seeds was tested using tetrazolium (pH 6.0)
according to the method of Moore (1962).

Viability test was conducted from two different storage conditions i.e.
ambient conditions and refrigerated condition at one month interval by using 2,3,5
triphenyl tetrazolium chloride. The seeds were kept in 2,3,5 triphenyl tetrazolium
chloride solution in a conical flask. The seeds containing 2,3,5 triphenyl tetrazolium
chloride solution was kept in water bath maintaining the temperature of 35° C for 24
hours. Thereafter the embryo of the seeds was observed. The tissue which stains red
color or pink color is a positive indicator of viability. Non-viable seed tissues do not

react with triphenyl tetrazolium chloride, and consequently do not stain.

3.6.7.5.1 Seed viability at refrigerated condition

Seed viability was tested by using 2,3,5 triphenyl tetrazolium chloride as
described above by storing the seeds in refrigerator at 4°C. The seeds were stored
immediately after harvest, i.e. in the month of November and viability test was
conducted at monthly interval i.e. from December to August and the results were

expressed in percentage.

3.6.7.5.2 Seed viability at ambient condition

Seeds were stored at ambient condition and viability was tested by using
2,3,5 triphenyl tetrazolium chloride as described above. The viability was tested at
monthly interval i.e. from December to August and the results were expressed in

percentage.
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3.6.7.6 Germination studies
3.6.7.6.1 Germination of the refrigerated seeds

Germination studies of the seeds were conducted by storing the seeds in
refrigerator at 4°C. The seeds were stored immediately after harvest, i.e. in the
month of November and germination was conducted at monthly interval i.e. from
December to August and the results were expressed in percentage.
3.6.7.6.2 Germination of seeds stored at ambient condition

Seeds were stored at ambient condition and germination percentage was
tested at monthly interval i.e. from December and the results were expressed in
percentage.
3.6.8 Germination test of fresh seeds by using PGRs and chemicals and media
composition

The germination test was conducted in the seed germinator at the laboratory
of Dept. of Horticulture, Aromatic and Medicinal Plants. The experiment comprised
of 3 replicates with 20 seeds each. The seeds were first surface sterilized with
aqueous solution of Mercuric chloride (HgCl,) 0.1 % for one minutes followed by
ethanol (avoid microbial contamination) for two minutes and then rinsed thoroughly
(3-4 times) with distilled water.
3.6.8. 1 Germination studies with different PGRs and chemicals

The treated seeds were kept in glass petri dishes on single layer of Whatman
No.1 filter paper after pretreatments as describe below. The substratum was
moistened regularly with distilled water to keep it moist. The petridishes were kept at
different temperature regimes (10,15, 20 and 25+2°C with humidity at 80%) in
growth chamber with 16 /8 hours light and dark conditions in laboratory. The
following pre-treatments were for the study. The different PGRs were selected by
studying previous literatures.
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Treatments PGRs and chemicals

T, Control

T, GA3 50 PPM
T3 GA3100 PPM
Ty GA3200 PPM
Ts GA3500 PPM
Ts IAA 50 PPM
T IAA 100 PPM
Ts IAA 200 PPM
Ty IAA 500 PPM
T1o IBA 50 PPM
T11 IBA 100 PPM
T2 IBA 200 PPM
Tis IBA 500 PPM
T4 NAA 50 PPM
Tis NAA 100 PPM
T16 NAA 200 PPM
Tz NAA 500 PPM
Tis 2,4-D 50 PPM
Tig 2,4-D 100 PPM
Tao 2,4-D 200 PPM
T 2,4-D 500 PPM
T2 TIBA 50 PPM
Toas TIBA 100 PPM
Tos TIBA 200 PPM
Tos TIBA 500 PPM
T KNO3 100 mM
Tar KNO3 150 mM
Tosg NaHCIO3100 mM
Tog NaHCIO3150 mM
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3.6.8. 2 Germination studies with different media composition

For conducting germination test with various compositions of media in the
nursery, a bed size of 1xim? area was taken for each replication under each
treatment. Experimental set consisting of 3 replications with 20 seeds in each
replication. The different growth media were selected by studying previous
literatures. The different germinating media i.e. various composition of FYM,

vermicompost with nursery soil and sand was used as different treatments.
T1=FYM+Vermicompost (VC)+ Soil + Sand (1:1:1:1)
T2=FYM+Vermicompost (VC)+ Soil + Sand (1:1:2:1)
T3=FYM+Vermicompost (VC)+ Soil + Sand (1:1:1:2)
T4=FYM+Vermicompost (VC)+ Soil + Sand (2:1:1:1)
T5=FYM+Vermicompost (VC)+ Soil + Sand (2:2:1:1)
T6=FYM+Vermicompost (VC)+ Soil + Sand (2:2:2:1)
T7=FYM+Vermicompost (VC)+ Soil + Sand (2:2:2:1)

T8= FYM+Vermicompost (VC)+ Soil + Sand (2:2:1:2)
T9= Nursery soil alone

T10= Sand alone

3.6.9 Acquisition of germinability

To determine the acquisition of germinability, seeds were harvested at three
stages i.e. immature seeds (green fruit), mature seeds and dehisced seeds. If seed

germinability found low or delayed even at favourable conditions the type of
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dormancy were also be observed as per the method suggested by Baskin et al.

(2006). The following parameters were observed for all the seeds.

3.6.9.1 Germination Percentage

Emergence of radical was considered as germination. Seed germination
percentage (% germination, SGP) was calculated following the ISTA (1999)
methods. Percentage germination was calculated as:

Germination %= [Number of germinated seeds / Total number of seeds] x100

3.6.9.2 Speed of germination

Speed of germination (SG) was calculated by using the methods of Magurie

(1962) as follows:

Al A2 A3 An
Speed of germination (SG) =--------- + F ommmmeen mmeeeees

N1 N2 N3 Nn
Where, Al, A2, A3,-----------= ---- An is number of seeds newly germinated on N1,
V7280 N " day, respectively.

3.6.9.3 Mean Germination Time
Mean germination time (MGT) was calculated by using the methods of Eliss and
Roberts (1981) as follows:

MGT =X dn/2n
Where, n = number of seeds germinated; d = number of days
3.6.9.4 Peak Value

Peak value (PV) was calculated as per the methods of Czabator (1962);

PV = highest seed germinated/d
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3.6.9.5 Mean Daily Germination

Mean daily germination (MDG) was calculated by following the methods of

Czabator (1962) as follows:

MDG = total number of germinated seed/total number of days

3.6.9.6 Germination Index

The germination index (GI) was calculated as per the methods of Kendrik
and Frankland (1969) as follows:

Gl =Total % germination/time taken to reach 50% germination

3.6.10 Nursery parameters

3.6.10.1 Percent survival

Surviving plants in each bed was counted in the nursery and the survival
percent was worked out as follows:
Plant count in a bed
Survival Percent = —------mmmmm oo X100
Number of seeds germinated in that bed
3.6.11 Seedlings growth
Ten seedlings of an individual seed lot per replication were separately selected and
tagged. The following parameters were recorded.
3.6.11.1 Plant height
The height of the tagged plants were marked with permanent marker at 15 cm
above the ground level. Height of the plant was measured from the red mark to the
tip of youngest leaf. Finally the 15 cm length was added and the total height was

expressed in cm.
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3.6.11.2 Collar diameter
The collar diameter was measured at 15 cm above the ground level and was
expressed in mm.

3.6.11.3 Number of leaves/plant

The total number of leaves produced by plants during the entire growth period

was counted from the first leaf emergence up to the shooting stage.

3.6.11.4 Biomass Production (g)

Total biomass production was determined by taking the weight of plant
with roots, leaves and fruits and finally they were added and expressed in

gram.

3.6.11.5 Root Length (cm)

The root length was calculated by uprooting the roots and measuring the root

length from the collar joint to the tip of the root and was expressed in cm.

3.6.11.6 Root /Shoot length ratio
The root / shoot length ratio was calculated by uprooting the whole plant
along with the roots and measuring the root length and shoot length separately and
dividing the root length by the shoot length.
Root length

Root/shoot length ratio=-----------=-=-==mmmmmmm oo
Shoot length

3.6.11.7 Root fresh weight (g)
The root fresh weight was calculated by weighing the weight of the roots

immediately after harvest in digital balance and was expressed in g.
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3.6.11.8 Shoot fresh weight (g)
The shoot fresh weight was calculated by weighing the weight of the shoots
immediately after harvest in digital balance and was expressed in g.
3.6.11.9 Leaf fresh weight (g)
The leaf fresh weight was calculated by weighing the weight of the leaves in
digital balance and was expressed in g.
3.6.11.10 Root dry weight
The root dry weight was calculated by weighing the oven dry weight of the
roots in digital balance and was expressed in g.
3.6.11.11 Shoot dry weight
The shoot dry weight was calculated by weighing the oven dry weight of the
shoots in digital balance and was expressed in g.
3.6.11.12 Root/shoot dry weight ratio
The root/shoot dry weight was calculated by dividing the oven dry weight of
roots by the oven dried weight of the shoots.
Root dry weight

Root/shoot dry weight = ------------=-=-m-ememmmmm e
Shoot dry weigh
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Resulls

4.1 Phytosociology

4.1.1. Percentage frequency

Table 4.1 displays percentage frequency of Clerodendrum colebrookianum
among the different sites in Mizoram. The data presented in table reveals that there
was variation in percentage frequency of C. colebrookianum Walp. in the range of 40
— 80 per cent among the different sites. The maximum frequency (80%) was obtained
in Luangmual, which was followed by Durtlang and Chawlhhmun (70%) respectively
whereas, the lowest was obtained in the germplasm of Lengpui (40%).

4.1.2 Abundance

There was variation among the germplasm with respect to abundance pattern
of the germplasms. The data furnished in Table 4.1 reveals that among the different
sites in our study, the highest value of abundance was obtained in Sakawrtuichhun
(15.40%), followed by Lengpuii (12.50%) and Chawlhhmun (10.57%) respectively.
Among all the studied locations, the lowest value of abundance was obtained in

Lungdai (7.5%).



Table 4.1: Phytosociological parameters of C. colebrookianum in different locations

Sl
No.

Location/
Population

Percentage
Frequency

Abundance Density Average TBC Associated Species

(Plants ha basal cover (cm’m-%)
(cm’)

10.

Durtlang

Reiek

Luangmual

Lungdai

Serkhan

Zonuam

Chawlhhmun

Tanhril

Sakawrtuichhun

Lengpui

70

60

80

60

50

60

70

50

40

9.85

8.16

8.87

7.50

7.60

8.50

10.57

7.83

15.40

12.50

276.00 22.38 154.42  Ageratum conizoids,

Eupatorium odoratum,
Thysanolaina maxima,
Colocasia spp, C
ajanus cajans,
Bidens pilosa
196.00 16.82 82.41 Achyranthes aspera L.
Acmella oleraceae,
Ageratum conizoids,
Mimisa pudica L.,
Manihota esculenta,
Solanum torvum
284.00 28.22 200.36 Cuscuta reflexa Roxb,
Mikania micrantha,
Eupatorium odoratum,
Centela asiatica,
Ageratum conizoids,
Bidens biternata
180.00 19.94 89.73  MimisapudicalL.,
Ageratum conizoids,
Blumea lanceolaria,
Mikania micranth,
Trevesia palmat,
Thysanolaina maxima
152.00 16.32 62.01  Solanum indicum L.
Acmella oleraceae
Pteridium acquilinum
Adhatoda vesica Mill
Ageratum conizoids
Cuscuta reflexa Roxb.
204.00 9.39 47.88 Adenostemma lavenia
Adhatoda vesica Mill
Eupatorium odoratum
Pteridium acquilinum
Artemisia vulgaris
Acmella oleraceae
296.00 16.84 124.61  Centelaasiatica
Colocasia spp
Thysanolaina maxima
Mikania micrantha
Cuscuta reflexa Roxb.
Ageratum conizoids
188.00 12.06 56.68  Oroxylum indicum
Eupatorium odoratum
Ageratum conizoids
Mikania micrantha
Solanum indicum L.
Acmella oleraceae
308.00 13.84 106.56  Adenostemma lavenia
Solanum indicum L.
Acmella oleraceae
Bidens pilosa
Cuscuta reflexa Roxb.
Trevesia palmate
200.00 11.09 55.45  Ageratum conizoids
Eupatorium odoratum
Blumea lanceolaria
Centela asiatica
Thysanolaina maxima
Imperata cylindrical
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4.1.3 Density
The plant density of Clerodendrum colebrookianum in the studied locations
ranged from 152.00-308.00 plants ha™. The data presented in Table 4.1. reveals that
the maximum density of Clerodendrum colebrookianum Walp. was obtained in the
location Sakawrtuichhun (308.00 plants ha™), followed by Chawlhhmun (296.00
plants ha™). However, among the studied geographical locations, the lowest density
was obtained in Serkhan village (152.00 plants ha™).

4.1.4 Average basal cover (cm?)

The average basal cover of C. colebrookianum Walp. in the different
geographical locations are displayed the in Table 4.1. The data presented in the Table
reveals that there was variation among the plants with respect to this parameter. The
maximum average basal cover was found in Luangmual (28.22 cm?), followed by
Durtlang (22.38 cm?), Lungdai (19.94 cm®) and Chawlhhmun (16.84 cm?). The
minimum average basal cover among all the studied geographical locations was

observed in Zonuam (9.39 cm?).
4.1.5 Total Basal Cover (cm’*m™)

The data presented in Table 4.1. reveals that the total basal cover (cm’m™) of
C. colebrookianum Walp. varied with respect to different geographical locations.
Among all the locations, the highest Total Basal Cover was reported in Luangmual
(200.36 cm’m?), followed by Durtlang (154.42 cm’m?), Chawlhhmun (124.61
cm’m?) and Sakawrtuichhun (106.56 cm?m™). Among the studied populations, the
lowest total basal cover of C. colebrookianum Walp. was observed in Zonuam

(47.88 cm’m™3).
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4.1.6. Associated Species

Table 4.1. displays the associated species found with Clerodendrum
colebrookianum Walp. in different locations. The data presented in the table
reveals that a number of associated species are grown naturally in the vicinity of C.
colebrookianum Walp. Most commonly found species in association with C.
colebrookianum Walp. are herbs and shrubs. These includes Achyranthes aspera L.
Acmella oleraceae, Adhatoda vesica Mill, Adenostemma lavenia, Ageratum
conizoids, Artemisia vulgaris, Bidens pilosa, Blumea lanceolaria, Cajanus cajans,
Centela asiatica, Colocasia spp, Cuscuta reflexa Roxb, Eupatorium odoratum,
Imperata cylindrical, Manihot esculenta, Mikania micrantha, Mimosa pudica L.,
Oroxylum indicum, Pteridium acquilinum, Solanum indicum L., Solanum torvum,

Thysanolaina maxima and Trevesia palmate.
4.1.7. Relative frequency

The relative values of frequency of each species was calculated to identify the
status of C. colebrookianum population. It is evident from the data presented in table
4.2 and Fig. 4.1, that relative frequency of the germplasms varied among the different
locations in the ranged of 6.66- 13.33 per cent. Among the studied locations, the
highest relative frequency was obtained in Luangmual (13.33%), followed by
Chawlhhmun and Durtlang (11.66%) and Reiek, Zonuam and Tanhril (10.00%). The

lowest value of relative frequency was observed in Lengpui (6.66).
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Table 4.2: Relative frequency, density, dominance, Importance Value Index
(IV1), A/F Ratio and distribution pattern of C. colebrookianum Walp.

SI  Place Relative Relative Relative VI A/F ratio  Distributior

No. frequency Density Dominance pattern
1. Durtlang 11.66 12.08 15.75 39.49 0.14 Contagious
2. Reiek 10.00 8.57 8.40 26.97 0.13 Contagious
3. Luangmual 13.33 12.44 20.44 46.21 0.11 Contagious
4. Lungdai 10.00 7.88 9.15 27.03 0.12 Contagious
5. Serkhan 8.33 6.65 6.33 21.31 0.12 Contagious
6. Zonuam 10.00 8.92 4.88 23.83 0.14 Contagious
7. Chawlhhmun 11.66 12.95 12.71 37.32 0.15 Contagious
8. Tanhril 10.00 8.23 5.78 24.01 0.13 Contagious
9. Sakawrtuichhun 8.33 13.48 10.87 32.68 0.30 Contagious
10. Lengpui 6.66 8.75 5.65 21.06 0.31 Contagious
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Fig. 4.1: Relative frequency, density, dominance and IVI over selected locations
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4.1.8 Relative Density

Table 4.2 and Fig. 4.1 displays the data on relative density of Clerodendrum
colebrookianum Walp.. From the data it is reveals that the relative frequency of the
germplasms ranged between 6.65-13.48 per cent. Among the studied locations, the
maximum relative density was found in Sakawrtuichhun (13.48%) followed by
Chawlhhmun (12.95%), Luangmual (12.44%) and Durtlang (12.08%). The lowest

relative density was observed in in Serkhan (6.65%).

4.1.9. Relative Dominance

Similarly, the relative dominance of Clerodendrum colebrookianum Walp.
are shown in Table 4.2 and Fig. 4.1. It is evident from the data presented in Table 4.2
that the relative dominance of the particular species varied in the range of 4.88-20.44
per cent. The highest relative dominance was obtained in Luangmual (20.44%)
followed by Durtlang (15.75%), Chawlhhmun (12.71%) and Sakawrtuichhun
(10.87%), whereas the lowest relative dominance among all the locations was

observed in Zonuam (4.88%).

4.1.10. Importance Value Index (1V1)

The Importance Value Index (IVI) was calculated in order to record the
dominance and ecological success of selected species. The data presented in Table 4.2
and Fig. 4.1 revealed that the 1VI among the different geographical locations varied
from 21.06 - 46.21. Among the studied locations, the highest IVl was observed in
Luangmual (46.21), It was followed by Durtlang (39.49), Chawlhhmun (37.32) and

Sakawrtuichhun (32.68) respectively. The lowest value with respect to IVI was
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observed in Lengpui (21.06). Since, the C.colebrookianum mainly grown as kitchen
garden crop mostly nearby human settlements, jhum field and fallow land it was
dominant shrub as only few trees / shrubs in some locations found and mostly

associated with herbs was co-dominant species.

4.1.11 Abundance and frequency Ratio (A/F Ratio)

AJ/F is a relative measure to present the distribution of species in a community.
The data presented in Table 4.2 indicated that there was variation among the different
locations with respect to abundance of frequency (A/F). In the present investigation,
the highest A/F ratio was observed in Lengpui (0.31). It was followed by
Sakawrtuichhun with a A/F ratio of 0.30. Among all the studied locations, the lowest
A/F ratio was obtained in Luangmual (0.11), followed by Lungdai and Serkhan

(0.12).

4.1. 12 Distribution pattern

The Table 4.2 displays the distribution pattern of the species among different
locations. The data presented in the table revealed that in the present study, in all the
locations, the distribution pattern of the species was found contagious, since the A/F
ratio was found > 0.05 in all the locations.
4.2 Threatened categories
4.2.1 Threat identified

The data displayed in Table 4.3. revealed the major threat identified with
respect to Clerodendrum colebrookianum Walp. The following threats have been

identified with respect to this highly medicinal species:

74| Page



e No wild, few plants cultivated: From the present study, it have been found that
there was no plant found in the wild state in the forests of Mizoram. Mostly the
plant was found in the semi wild state as well as cultivated state.

e Kitchen garden crop: The plant is commonly grown as kitchen garden crop in the
homested gardens at the backyard of most of the farmers as well as cultivated in
the jhum lands.

e Habitat destruction: From the present study, it has noticed that since last few
years there was destruction of the habit of Clerodendrum colebrookianum Walp.
in the natural populations. That is the reason of non-availability of the species in
the wild forests.

e Low seed viability and germination: From the present study, it has observed that,
the seeds of Clerodendrum colebrookianum Walp. is recalcitrant seed. The seeds
lost the viability very soon. If they are not sown within a specified time, they fail to
germinate. The percentage of germination is also very poor. That is also another
reason for decreasing the population of Clerodendrum colebrookianum Walp.

e Slow growth rate: The initial growth rate of Clerodendrum colebrookianum
Walp. is very slow.

e Over exploitation: The rural people are aware about the medicinal values of this
species. They harvest the leaves, seeds as well as stems to sell in the market is also

another threat identified for this species.
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Table 4. 3: Major threats identified and Threatened Status as per IUCN Red List

Categories, 2012

Threat identified No of Mature Area of Occurrence /
individuals endemism/ No of locations

Threat status

e No wild, few 152-308 in -
plants cultivated. different

e Grown as kitchen ~ populations

garden crop e Endemic to the
e Habitat region
destruction. e Severely Fragmented
e Low seed viability e No of locations < 10
and germination, e Area of Occurrence
slow growth rate. <5000km?
e Over exploitation e Area of occupancy
<500km*

Critically
endangered to
endangered *

Vulnerable**

Endangered**

Endangered**

*on the basis of no of mature individuals; ** on the basis of occurrence
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4.2.2 No. of matured individuals

Table 4.3 displays the number of matured individuals of Clerodendrum
colebrookianum Walp. in different locations. From the data presented in Table it has
been observed that the number of matured individual in different locations ranged

between 152-308.
4.2.3 Area of Occurrence / endemism/ number of locations

The present investigation also studied the area of occurrence, endemism and
number of locations of Clerodendrum colebrookianum Walp. The results of these
revealed that the species is endemic to the region. The population is severely
fragmented in different parts of the state. The number of locations found was < 10.
Similarly, the area of Occurrence was <5000km? and area of occupancy was

<500km?.
4.2.4 Threat status

Table 4.3 displays the threat status of Clerodendrum colebrookianum Walp.
in the state of Mizoram. The data presented in the Table indicates it as critically
endangered to endangered species on the basis of no of mature individuals. Since in
the present study the number of matured individual was observed between 152-308,
hence, according to IUCN, red list categories, this species falls in critically
endangered to endangered species In addition, on the basis of area of occurrence and

occupancy the species have been identified as endangered to vulnerable.
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4.3 Germplasm Variability

4.3.1 Morphological features

Data furnished in Table 4.4 indicated that there was significant variation in
morphological characters of Clerodendrum colebrookianum Walp. among the

different locations.

4.3.1.1 Plant height (cm)

There was significant variation among the locations with respect to plant
height. The data presented in Table 4.4 reveals that the plant height of the germplasm
ranged between 189.80£37.69-303.53+41.09 cm. Among all the germplasm, the
highest plant height was obtained in Sakawrtuichhun (303.53+£41.09 cm), which was
significantly higher than other germplasm except in Reiek (300.49£43.93 cm) and
Serkhan (276.34+16.79 cm), with which it was found statistically at par. The
significantly lowest plant height were recorded in Lengpui(189.80+37.69 cm) which

was significantly lower than most of the germplasms.

4.3.1.2 Collar diameter (mm)

Table 4.4 displays the data regarding the collar diameter. Among all the
location, the significantly highest collar diameter was obtained in Sakawrtuichhun
(45.67£3.92 mm) which was significantly higher than all other locations except Reiek
(42.73+9.45 mm), Serkhan (42.58+1.66 mm) and Chawlhhmun (35.49+4.26 mm)
respectively. The significantly lowest collar diameter among the different locations

were obtained in Luangmual (27.89+10.33 mm) which was significantly lower than

78| Page



most of the locations. It was followed by Durtlang (28.06+11.15mm), Lengpui

(29.30£7.86 mm) and Tanhril (29.90+7.46 mm).

4.3.1.3 Number of leaves

The data pertaining to number of leaves are presented in Table 4.4. Analysis
of variance revealed significant difference in number of leaves among the different
locations. The maximum number of leaves was recorded in Sakawrtuichhun
(211.0045.29) which was significantly higher than all other locations. However, the
minimum number of leaves among all the locations was recorded in Tanhril

(33.33£2.52) which was significantly lower than all other locations.

4.3.1.4 Root length (cm)

Data presented in Table 4.4 reveals that there was significant difference in root
length among the different locations. The highest root length was also obtained in
Sakawrtuichhun (94.11+2.44 cm) which was significantly higher than all other
locations. It was followed by Zonuam (79.24+3.55 cm). The lowest root length was
found in Luangmual (36.84+6.38 cm) which was significantly lower than most of the
locations except Chawlhhmun (38.61+7.67 cm), Lengpui (41.82+3.28 cm) and Reiek

(44.30£2.79 cm) which was found statistically at par.
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Table 4.4 : Morphological features of the plant of Clerodendrum colebrookianum among different locations

Location Plant height Collar No. of Root Root/Shoot  Root fresh Shoot fresh Leaf Fresh Rootdrywt Shoot dry Root/Shoot Biomass
(cm) Diameter leaves length length ratio  Weight (g) weight (g) weight (g) 9) wt (g) dry  weight Production
(mm) (cm) ratio (Kg)
Sakawrtuichhun ~ 303.53+41.09 45.6743.92 211.00+5.29 94.11+2.44  0.31+0.04 1273.33+37.86 2086.67+70.24 840.00+13.23 596.67+20.82 886.67+37.86  0.66+0.08 3.36+0.12
Reiek 300.49+43.93  42.73+9.45 113.67+£3.21 44.30+2.79 0.14+0.03 1136.67+32.15 1663.33+72.34 460.00+31.22 276.67+32.15 690.00+30.00  0.86+0.07 2.74+0.13
Chawlhhmun 210.01+21.79 35494426 80.67+4.04 38.61+7.67  0.18+0.02  413.33+32.15 1226.67+64.29 430.00+45.83 206.67+20.82 473.33+20.82  0.44+0.05 1.64+0.10
Luangmual 215.37+#42.51 27.89+10.33 4533351  36.84+6.38  0.18+0.07  280.00+40.00 713.33%32.15  323.33%9.61  143.33#5.77  230.00£22.91  0.58+0.15 1.00+0.04
Tanhril 219.46+42.34  29.90£7.46 33.33%x2.52 45.34+330 0.23+0.17  266.67+35.12 608.33+38.19  170.00+10.00 110.00+20.00 220.00+10.00  0.51+0.05 0.88+0.03
Lungdai 242.82+29.61 32.30+2.65 82.33+3.21  51.90+5.52 0.22+0.10 626.67+68.07 826.67+15.28 246.67+25.66 303.33£15.28 336.67+20.21 0.91+0.13 1.45+0.16
Zonuam 206.24+12.69 30.45%1.13 97.67+1.53  79.24+355  0.39+0.05 748.33+35.47  770.00+43.59 220.00+26.46 350.00+10.00 303.33+20.82 1.13+0.43 1.52+0.15
Lengpui 189.80+37.69 29.30+7.86 74.67+5.69  41.82+3.28  0.24+0.16 506.67+62.27 763.33+32.15 370.00+26.46 266.67+20.82 356.67+25.17 0.92+0.28 1.27+0.16
Durtlang 197.09+40.57 28.06+11.15 49.40+1.37 53.39+6.58  0.27+0.06  443.33+55.08 616.67+37.86  173.33+20.82 220.00+20.00 250.00+20.00  0.92+0.13 1.06+0.11
Serkhan 276.34+16.79 42.58+1.66 107.73x2.05 63.50#5.77  0.23+0.03  1160.00+72.11 1203.33#50.08 483.33+40.41 583.33+15.28 550.00+17.32  1.06+0.26 2.37+0.12
SEd() 29.18 5.68 2.53 431 - 12.04 40.68 23.64 16.24 17.96 0.17 0.10
CDy .05 61.31 11.93 5.31 9.05 NS 88.33 85.48 49.67 34.12 37.73 0.35 0.21
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4.3.1.5 Root shoot length ratio

There was no significant difference among the locations with respect to
root/shoot length ratio. However, Zonuam and Reiek recorded the highest (0.39+0.05)

and lowest (0.14+0.03) root/shoot length ratio.

4.3.1.6 Root fresh weight (g)

It is evident from the data presented in Table 4.4 and Fig. 4.2 that the root fresh
weight was significantly influenced by different locations. Among the different
locations, the highest root fresh weight was observed in Sakawrtuichhun (1273.33+£37.86
g) which was significantly higher than all other germplasm. The lowest root fresh weight
was recorded in Tanhril (266.67+35.12 g) which was found significantly lower than other

locations except Luangmual (280.00+40.00 g) with which was found statistically at par.

4.3.1.7 Shoot fresh weight (g)

A highly significant difference was observed in shoot fresh weight of the plant
among the different locations (Table 4.4 and Fig. 4.2). The highest shoot fresh weight
was observed in the germplasm from Sakawrtuichhun (2086.67+£70.24 g) which was
significantly higher than all other locations. The lowest shoot fresh weight was obtained
in Tanhril (608.33+38.19 g) which was found significantly lower than other locations

except in Durtlang (616.67+37.869) which was found statistically at par.
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4.3.1.8 Leaf fresh weight (g)

The effect of different locations with respect to leaf fresh weight was found
significant (Table 4.4 and Fig. 4.2). The highest leaf fresh weight was obtained in
Sakawrtuichhun (840.00£13.23 g) which was significantly higher over than rest of the
locations, while the lowest was obtained in Tanhril (170.00+£10.00 g) which it was found

statistically at par with Durtlang (173.33+£20.82 g).

4.3.1.9 Root dry weight (g)

The data recorded on root dry weight was observed to have significantly varied
among the locations (Table 4.4 and Fig. 4.2). Among the locations, the maximum root
dry weight was observed in Sakawrtuichhun (596.67+20.82 g) which was significantly
higher than rest of the germplasm except Serkhan (583.33+15.28 g). The lowest root dry
weight was observed in Tanhril (110.00+20.00 g) which was significantly lower than the

rest of the germplam.

4.3.1.10 Shoot dry weight (g)

The effect of different locations on shoot dry weight is depicted in Table 4.4 and
Fig. 4.2 and the results were found to be varied significantly. The highest shoot dry
weight was obtained in Sakawrtuichhun (886.67+37.86 g) which was significantly higher
than all other locations. It was followed by Reiek (690.00+30.00 g) and Serkhan
(550.00£17.32 g) respectively. The lowest shoot dry weight was recorded in Tanbhril

(220.00£10.00 g) which was significantly lower than all other locations except
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Luangmual (230.00£22.91 g) and Durtlang (250.00£20.00 g) with which it was found

statistically at par.

4.3.1.11 Root / shoot dry weight ratio

Observations pertaining to root shoot dry weight ratio were found to be varied
significantly among the different locations as shown in Table 4.4. Among all the
locations, the germplasm from Zonuam (1.13+0.43) showed the maximum root shoot dry
weight ratio which was significantly higher than most of the locations. It was followed by
Serkhan (1.06+0.26). The lowest root shoot dry weight ratio was obtained in

Chawlhhmun (0.44+0.05) which was significantly lower than most of the locations.

4.3.1.12 Biomass Production (kg)

The data on biomass production of the plants are furnished in Table 4.4.
Comparison of data on this parameter revealed that the biomass production varied
significantly among the different locations. The highest biomass production was recorded
in Sakawrtuichhun (3.36+£0.12 kg) which was significantly higher among the rest of the
locations. The lowest biomass production was recorded in Tanhril (0.88+0.03 kg) which
was significantly lower than all other germplasm except Luangmual (1.00+0.04 kg) and

Durtlang (1.06+0.01 kg).
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Table 4.5: Flowering and fruiting characteristics of Clerodendrum colebrookianum Walp. among different locations

Location Days required Days No of Length of Fruit setting  No.s of Days Fruit
from initiation required flowers/inflorescence inflorescence % fruits/inflorescence required retention
of bud to bud from (cm) from setting  percentage
differentiation initiation of of fruits to
bud to maturation
flowering
Sakawrtuichhun 11.33+0.58 40.3310.58 109.33+5.86 21.90+1.85 98.90+3.10 38.00+3.00 47.00£1.00 44.33+3.79
Reiek 9.67+0.58 39.3340.58 112.6748.08 24.10+1.82 93.50+4.33 42.67+4.73 45.67+1.53 45.67+1.53
Chawlhhmun 11.0040.00 41.50+0.50 104.33+8.33 19.90+0.85 87.03+3.23 26.33+11.02 48.00+1.00 37.33+2.08
Luangmual 11.33+0.58 42.33+0.58 107.67+6.03 18.30+1.47 93.90+6.68 28.67+10.02 48.67+0.58 29.33+1.53
Tanhril 10.67+0.58 42.33%1.15 96.33%7.57 23.20£0.75 96.67+1.15 18.336.11 48.67+1.15 28.6743.51
Lungdai 11.00+0.00 42.67+0.58 98.67+3.06 15.03+1.05 92.33£3.51 34.67+16.77 49.00+1.00 41.67+2.08
Zonuam 12.00+1.00 42.00+1.00 113.33+6.66 15.50+0.72 90.50+1.80 29.67+14.36 49.33+0.58 31.33+6.81
Lengpui 11.67+1.15 42.30+0.61 116.67+5.51 19.20+1.31 87.20£2.99 31.00+6.08 48.33+2.31 35.67+4.16
Durtlang 11.33+0.58 43.00+1.00 105.0048.89 16.70+0.92 90.50+2.36 31.33+7.23 49.33+1.15 39.3349.02
Serkhan 10.67+0.58 40.67+0.58 99.67+9.71 17.20+0.44 90.60+2.20 28.00+4.58 49.67+0.58 30.33+1.53
SEd+ 0.54 0.59 537 0.99 2.94 5.67 0.81 3.60
CDys 1.13 1.24 11.29 2.08 6.17 11.91 1.71 7.56
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4.3.2 Flowering and fruiting characteristics

4.3.2.1 Days required from bud initiation to bud differentiation

A significant influence of locations on days required from bud initiation to bud
differentiation was observed (Table 4.5). Among the different locations, the maximum
days required from bud initiation to bud differentiation was recorded in Zonuam
(12.00£1.00) which was significantly higher than most of the locations except Lengpui
(11.67+£1.15) and Durtlang, Luangmual and Sakawrtuichhun (11.33+£0.58), Lungdai and
Chawlhhmun (11.00+0.00) The minimum days required from initiation of bud to bud
differentiation was obtained in Reiek (9.67+0.58) which was significantly lower than rest

of the locations.

4.3.2.2 Days required from initiation of bud to flowering

Data presented in Table 4.5 indicated highly significant variation with respect to
days required from initiation of bud to flowering of Clerodendrum colebrookianum
Walp. The germplasm in Durtlang required maximum days (43.00+1.00) from initiation
of bud to flowering, which was significantly higher than most of the locations, whereas,
the germplasm in Reiek required the lowest days (39.33+0.58) for flowering. It was

followed bv Sakawrtuichhun (40.33+0.58) and Serkhan (40.67+0.58) respectively.

4.3.2.3 Number of flowers/inflorescence

The data pertaining to number of flowers/inflorescence are presented in Table 4.5

Analysis of variance revealed significant difference in this parameter due to different

86| Page



locations. The maximum number of flowers/inflorescence was observed in Lengpui
(116.67+5.51) which was significantly higher than most of the locations except Zonuam
(113.33+6.66), Reiek (112.67+8.08), Sakawrtuichhun (109.33+5.86), and Luangmual
(107.67+6.03) with which it was found statistically at par. However, the minimum
number of flowers/inflorescence was observed in Tanhril (96.33+7.57).

4.3.2.4 Length of inflorescences (cm)

It is evident from the data presented in Table 4.5 that the length of inflorescences
was influenced by different locations. Among all the locations, the maximum length of
inflorescence was observed in Reiek (24.10+1.82 cm) which was significantly higher
than all other locations except Tanhril (23.20£0.75 c¢cm). The lowest was observed in

Lungdai (15.03+1.05 cm) which was significantly lower than most of the locations .

4.3.2.5 Fruit setting percentage (%0)

A highly significant difference was observed among the locations with respect to
fruit setting percentage (Table 4.5). Among the locations, the highest fruit setting
percentage was found in Sakawrtuichhun (98.90£3.10 %), which was found statistically
at par with Tanhril (96.67£1.15%), Luangmual (93.90+6.68%), and Reiek
(93.50+4.33%). The lowest fruit setting percentage was obtained in Chawlhhmun

(87.03£3.23%) which was also significantly lower than most of the locations.
4.3.2.6 Number of fruits/inflorescence

Data furnished in Table 4.5 showed a highly significant difference in number of

fruit/inflorescence among different locations. The highest number of fruits/inflorescence
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was found in Reiek (42.67+4.73) which was followed by Sakawrtuichhun (38.00+3.00)
Lungdai (34.67+16.77), Durtlang (31.33£7.23), and Lengpui (31.00+£6.08), while, the
lowest was obtained in Tanhril (18.33£6.11) which was significantly lower than most of

the locations.
4.3.2.7 Days required from setting of fruits to maturation

It reveals from the Table 4.5 that days required from setting of fruits to
maturation was significant among the different locations. Among all the locations,
Serkhan (49.67+0.58) required the maximum days for fruit maturation, which was
significantly higher than all other locations except and Durtlang (49.33+1.15), Zonuam
(49.33+0.58), Lungdai (49.00+1.00), Tanhril (48.67+1.15), Luangmual (48.67+0.58),
Lengpui (48.33£2.31), and Chawlhhmun (48.00£1.00), with which it was found
statistically at par . The minimum days required from setting of fruits to maturation was

found in Reiek (45.67+1.53) which was also significantly lower than rest of the locations.
4.3.2.8 Fruit retention percentage (%)

Significant differences were observed with respect to fruit retention percentage
among the different locations (Table 4.5). Among the different locations, the highest fruit
retention percentage was observed in Reiek (45.67+1.53) which was significantly higher
than rest of the locations. It was followed by Sakawrtuichhun (44.33+£3.79) and Lungdai
(41.67+2.08). However, the significantly lowest fruit retention percentage was obtained

in Tanhril (28.67+3.51).
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Table 4.6:.Estimates of phenotypic and genotypic coefficient of variation, heritability, expected genetic advance and genetic Advance as
percent of mean for different traits in Clerodendrum colebrookianum Walp.

SL Characters Range Mean Variance Coefficient of variation Broad sense Genetic Genetic
No of Advance gain
heritability
Genotypic  Phenotypic Genotypic Phenotypic
1. Plant Height (cm) 189.80-303.53 236.12 1385.56 2662.86 15.76 21.85 52.03 55.31 23.43
2. No of Leaves 33.33-211.00 89.57 1674.50 4254.70 45.69 72.83 39.35 52.88 59.04
3. Fresh Weight of
170.00-840.00 372.00 24840.37 71898.52 42.37 72.08 34.55 190.84 51.30
Leaves (gm)
4. Collar Diameter
(mm) 27.89-45.67 34.44 29.78 78.12 15.85 25.66 38.12 6.94 20.16
mm
5. Root Length (cm) 36.84-94.11 54.99 258.37 538.43 29.23 42.19 47.99 22.94 41.71
6. Fresh Weight of
266.67-1273.33 685.67 104354.07 218395.92 47.11 68.16 47.78 460.00 67.09
Root (gm)
7. Dry Weight of Root
() 110.00-596.67 305.67 20102.22 42425.55 46.38 67.39 47.38 201.05 65.77
gm
8. Shoot Fresh Weight
() 608.33-2086.67 1044.83 156884.27 411584.16 37.91 61.40 38.12 503.75 48.21
gm
9. Shoot Dry Weight
() 220.00-886.67 429.67 37655.55 71040.37 45.16 62.03 53.00 291.03 67.73
gm
10. Root: Shoot Length
Rati 0.14-0.39 0.24 0.0039 0.065 26.06 33.88 59.18 0.10 41.30
atio
11. Root: Shoot Dry
. . 0.44-1.13 0.80 0.04 0.08 25.44 36.26 50.00 0.29 36.77
Weight Ratio
12. Biomass Production
0.88-3.36 1.73 0.46 1.12 39.39 61.21 41.07 0.90 52.23
(kg/Plant)
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4.3.3 Variability parameters

The estimates of variability viz. Genotypic, and phenotypic variances, coefficients
of variation (genotypic, and phenotypic), broad sense of heritability, genetic advance and
genetic gain as per cent of mean were worked out for selection of various characters
(Table 4.6).

4.3.3. 1. Variance

4.3.3.1.1 Genotypic variance

Genotypic variance ranged from 0.0039-156884.27. The maximum genotypic
variance was obtained in shoot fresh weight (156884.27) followed by fresh weight of root
(104354.07), shoot dry weight (37655.55), fresh weight of leaves (24840.37), dry weight
of root (20102.22), number of leaves (1674.50), plant height (1385.56), root length
(258.37), collar diameter (29.78), biomass production (0.46), root/shoot dry weight ratio

(0.04) and the minimum was obtained in root /shoot length ratio (0.0039).

4.3.3.1.2 Phenotypic variance

The highest phenotypic variance was obtained in shoot fresh weight (411584.16).
It was followed by fresh weight of root (218395.92), fresh weight of leaves (71898.52),
shoot dry weight (71040.37), dry weight of root (42425.55), number of leaves (4254.70),
plant height (2662.86), root length (538.43), collar diameter (78.12), biomass production
(1.12), root shoot dry weight ratio (0.08). The lowest phenotypic variance was observed

in root shoot length ratio (0.065).
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4.3.3.2 Coefficients of variation

The variations observed in the characters among all the genotypes are due to
effect of genotype and environment. Environmental variations are not fixable. For
determining the magnitude of genotypic and phenotypic variability, the genotypic and
phenotypic coefficients of variations were calculated (Table 4.6).

For all the characters studied, phenotypic coefficients of variability were higher in
magnitude than genotypic coefficients of variability, though difference was very less in
majority of cases. Thus implying that the influence of environment on the expression of
these traits were negligible hence selection based on phenotypic values is feasible.
Coefficients of variability varied in magnitude from character to character, either low or
moderate or high. Therefore, it indicated that there is a great diversity present among the
genotypes.

4.3.3.2.1 Genotypic coefficient variation

The genotypic coefficients of variability (GCV) were high for fresh weight of root
(47.11), dry weight of root (46.38), no. of leaves (45.69), shoot dry weight (45.16), fresh
weight of leaves (42.37), biomass production (39.39), shoot fresh weight (37.91), root
length (29.23), root/shoot length ratio (26.06), root/shoot dry weight ratio (25.44). A
moderate genotypic coefficient of variability was recorded for collar diameter (15.85) and

plant height (15.76 ).
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4.3.3.2.2 Phenotypic coefficient variation

The phenotypic coefficients of variability (PCV) were high for all the characters
viz. number of leaves (72.83), fresh weight of leaves (72.08), fresh weight of root
(68.16), dry weight of root (67.39), shoot dry weight (62.03), shoot fresh weight (61.40),
biomass production (61.21), root length (42.19 ), root/shoot dry weight ratio (36.26), root
shoot length ratio (33.88), collar diameter (25.66) and plant height (21.85).
4.3.3.3 Heritability (h%)

The estimates of heritability (broad sense) varied from 34.55 —59.18 per cent for
different characters under study (Table 4.6). It was found moderate for all the characters
viz., root/shoot length ratio (59.18%), shoot dry weight (53.00%), plant height cm (52.03
%), root/shoot dry weight ratio (50.00%), root length (47.99%), fresh weight of root
(47.78), dry weight of root (47.38%), biomass production (41.07%), no. of leaves
(39.35%), collar diameter (38.12%), shoot fresh weight (38.12%) and fresh weight of
leaves (34.55 %).

4.3.3.4 Genetic advance (GA)

Table 4.6 showed expected genetic advance was high in nature and ranged from
0.10 - 503.75 per cent for different characters under study. It was found high for shoot
fresh weight (503.75%), fresh weight of root (460.00 %), shoot dry weight (291.03 %),
dry weight of root (201.05 %), fresh weight of leaves (190.84), plant height (55.31 %),
number of leaves (52.88 %), root length (22.94 %). It was low for collar diameter (6.94
%), biomass production (0.90 %), root/shoot dry weight ratio (0.29 %) and root shoot

length ratio (0.10 %).
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4.3.3.5 Genetic gain

The genetic gain as percent of mean was also varied from 20.16-67.73 per cent for
different characters under study (Table 4.6). It was observed high in all the parameters
viz., shoot dry weight (67.73 %), fresh weight of root (67.09 %), dry weight of root
(65.77 %), number of leaves (59.04 %), biomass production (52.23 %), fresh weight of
leaves (51.30 %), shoot fresh weight (48.21 %), root length (41.71 %), root shoot length
ratio (41.30 %), root shoot dry weight ratio (36.77 %) and plant height (23.43 %), collar

diameter (20.16%).

4.3.4 Correlation studies

Correlation studies provide information regarding any two parameters, which are
under consideration whether the increase in one variable causes either increase or
decrease in another variable. Thereby, this definite relationship ascertains their inter-
dependence. Correlation coefficients were worked out at phenotypic, genotypic and
environmental levels for all possible combinations of yield and its attributing characters.

The results of phenotypic correlation coefficient have been discussed only as the
genotypic and environmental correlation were mostly influenced by the environmental
conditions, hence phenotypic correlation will give the correct idea about the association
between two variables. The phenotypic and genotypic correlation between morphological

and yield parameters are presented in Table 4.7 and 4.8.

93| Page



Table 4.7 :Phenotypic Correlation coefficients among different traits in Clerodendrum colebrookianum Walp.

Characters Plant No of Fresh Collar Root Fresh Dry Shoot Shoot Root: Root: Biomass
Height Leaves Weight of Diameter Length Weight Weight Fresh Dry Shoot Shoot Production
(cm) Leaves (mm) (cm) of Root of Root Weight Weight Length  Dry (kg/Plant)
(gm) (gm) (gm) (gm) (gm) Ratio Weight
Ratio
Plant Height ~ 1.0000
(cm)
No of Leaves ~ 0.7666***  1.0000
Fresh Weight ~ 0.7577***  0.8388*** 1.0000
of Leaves
(gm)
Collar 0.8654***  0.6883*** (0.7898*** 1.0000
Diameter
(mm)
Root Length 0.3332 0.5972*** 0.4102* 0.2863 1.0000
(cm)
Fresh Weight ~ 0.8416***  0.8139*** 0.7385*** 0.7778*** 0.6133***  1.0000
of Root (gm)
Dry Weight 0.4419* 0.4328* 0.3996* 0.6121*** 0.3856* 0.5550** 1.0000
of Root (gm)
Shoot Fresh 0.8618***  0.8644*** (0.9084*** 0.8554*** 0.4172* 0.8194*** 0.3517 1.0000
Weight (gm)
Shoot Dry 0.7858***  0.7056*** 0.8410*** 0.8989*** 0.3768* 0.7634*** 0.5721***  0.8853*** 1.0000
Weight (gm)
Root; Shoot -0.2182 0.1799 -0.0418 -0.1796 0.8169***  0.1761 0.1800 -0.0777 -0.0804 1.0000
Length Ratio
Root; Shoot -0.0479 0.0294 -0.1653 -0.0073 0.3173 0.3335 0.3706* -0.1571 -0.0888 0.4521 1.0000
Dry Weight
Ratio
Biomass 0.8921***  0.8830 0.8786*** 0.8603*** 0.5273 0.9378*** 0.4575* 0.9673*** 0.8731***  0.0359 0.0530 1.0000
Production
(kg/Plant)
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Table 4.7 estimated the phenotypic correlation coefficients among the different
traits in Clerodendrum colebrookianum. This study indicated the plant height is
significant and positively correlated with number of leaves (0.7666**), fresh weight of
leaves (0.7577**), collar diameter (0.8654**), root length (0.3332), fresh weight of root
(0.8416**), dry weight of root (0.4419%), shoot fresh weight (0.8618**), shoot dry
weight (0.7858**), and biomass production (0.8921**). Association of number of leaves
was exhibited a positive and significant correlation with fresh weight of leaves
(0.8388**), collar diameter (0.6883**), root length (0.5972), fresh weight of root
(0.8139**), dry weight of root (0.4328*), shoot fresh weight (0.8644**), shoot dry
weight (0.7056**), root: shoot length ratio (0.1799), root: shoot dry weight ratio (0.0294)
and biomass production (0.8830**). The fresh weight of leaves expressed a significant
and positive association with collar diameter (0.7898**), root length (0.4102), fresh
weight of root (0.7385*%*), dry weight of root (0.3996%), shoot fresh weight (0.9084**),
shoot dry weight (0.8410**) and biomass production (0.8786**). The collar diameter
showed a significant and positive correlation with root length (0.2863), fresh weight of
root (0.7778**), dry weight of root (0.6121%*), shoot fresh weight (0.8554**), shoot dry
weight (0.8989**) and biomass production (0.8603**). The root length showed a
significant and positive correlation with fresh weight of root (0.6133**), dry weight of
root (0.3856%*), shoot fresh weight (0.4172**), shoot dry weight (0.3768**), root: shoot
length ratio (0.8169), root: shoot dry weight ratio (0.3173) and biomass production
(0.5273**). A significant and positive correlation was observed in fresh weight of root

with dry weight of root (0.5550), shoot fresh weight (0.8194**), shoot dry weight
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(0.7634**), root: shoot length ratio (0.1761), root: shoot dry weight ratio (0.3335) and
biomass production (0.9378**). Dry weight of root showed a significant and positive
correlation with shoot fresh weight (0.3517**), shoot dry weight (0.5721**), root: shoot
length ratio (0.1800), root: shoot dry weight ratio (0.3706) and biomass production
(0.4575**). Shoot fresh weight was significant and positive correlated with shoot dry
weight (0.8853**), and biomass production (0.9673**). Shoot dry weight was positively
and significantly correlated with biomass production(0.8731). root: shoot length ratio was
positively and significantly correlated with root: shoot dry weight ratio (0.4521) and
biomass production(0.0359). Root: shoot dry weight ratio was positive and significantly

correlated with biomass production(0.0530).

Plant height is negatively correlated with root: shoot length ratio (-0.2182) and
root: shoot dry weight ratio (-0.0479). Negative association of fresh weight of leaves with
root: shoot length ratio (-0.0418) and root: shoot dry weight ratio (-0.1653). The collar
diameter showed negative correlation with root: shoot length ratio (-0.1796) and root:
shoot dry weight ratio (-0.0073). Shoot fresh weight was negatively correlated with root:
shoot length ratio (-0.0777) and root: shoot dry weight ratio (-0.1571). Shoot dry weight
was negatively correlated with root: shoot length ratio (-0.0804) and root: shoot dry

weight ratio (-0.0888).
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Table 4.8 : Genotypic Correlation coefficients among different traits in Clerodendrum colebrookianum Walp.

Characters Plant Height No of Fresh Weight Collar Root Length  Fresh Weight Dry Weight ~ Shoot Fresh ~ Shoot Dry Root: Shoot  Root: Shoot Biomass
(cm) Leaves of Leaves Diameter (cm) of Root (gm)  of Root (gm) Weight Weight Length Ratio  Dry Weight  Production
(gm) (mm) (gm) (gm) Ratio (kg/Plant)
Plant Height 1.0000
(cm)
No of Leaves 0.7420** 1.0000
Fresh Weight 0.7040** 0.9744**  1.0000
of Leaves
(gm)
Collar 0.9922** 1.0236**  0.9202** 1.0000
Diameter
(mm)
Root Length 0.5493 0.9771**  0.6207 0.7081 1.0000
(cm)
Fresh Weight ~ 0.8979** 0.9247**  0.7410 1.0537** 0.7065 1.0000
of Root (gm)
Dry Weight of  0.8795* 1.3125**  1.1307* 0.9402* 1.2100** 1.2146** 1.0000
Root (gm)
Shoot Fresh 0.8456** 0.9606**  0.9567** 1.0327** 0.5876 0.8236** 1.0325** 1.0000
Weight (gm)
Shoot Dry 0.9235** 1.1617**  1.0440** 1.0140** 0.6597 0.9792** 0.8880** 1.1111%* 1.0000
Weight (gm)
Root: Shoot -0.1464 0.4316 0.0138 -0.0402 0.7612 0.1441 0.5974 -0.0729 -0.0092 1.0000
Length Ratio
Root: Shoot 0.1580 0.2560 -0.1434 0.1016 0.4147 0.5292 0.5403 -0.0791 0.0604 0.4625 1.0000
Dry Weight
Ratio
Biomass 0.9082** 0.9950**  0.9022** 1.0930** 0.6799 0.9459** 1.1814** 0.9632** 1.1024** 0.0337 0.2041 1.0000
Production
(kg/Plant)
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The estimates of genotypic correlation coefficients among the different traits in
Clerodendrum colebrookianum are presented in Table 4.8. This study indicated the plant
height is significant and positively correlated with number of leaves (0.7420**), fresh
weight of leaves (0.7040**), collar diameter (0.9922**), root length (0.5493), fresh
weight of root (0.8979*%*), dry weight of root (0.8795%), shoot fresh weight (0.8456**),
shoot dry weight (0.9235**), root: shoot dry weight ratio (0.1580), and biomass
production (0.9082**). Association of number of leaves was exhibited a positive and
significant correlation with fresh weight of leaves (0.9744**), collar diameter (1.0236**),
root length (0.9771**), fresh weight of root (0.9247**), dry weight of root (1.3125*%*),
shoot fresh weight (0.9606**), shoot dry weight (1.1617**), root: shoot length ratio
(0.4316), root: shoot dry weight ratio (0.2560) and biomass production (0.9950**). The
fresh weight of leaves expressed a significant and positive association with collar
diameter (0.9202**), root length (0.6207), fresh weight of root (0.7410), dry weight of
root (1.1307%*), shoot fresh weight (0.9567**), shoot dry weight (1.0440**), root: shoot
length ratio (0.0138) and biomass production (0.9022**). The collar diameter showed a
significant and positive correlation with root length (0.7081), fresh weight of root
(1.0537**), dry weight of root (0.9402*), shoot fresh weight (1.0327**), shoot dry
weight (1.0140**), root: shoot dry weight ratio (0.1016) and biomass production
(1.0930**). The root length showed a significant and positive correlation with fresh
weight of root (0.7065), dry weight of root (1.2100**), shoot fresh weight (0.5876), shoot
dry weight (0.6597), root: shoot length ratio (0.7612), root: shoot dry weight ratio

(0.4147) and biomass production (0.6799). A significant and positive correlation was
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observed in fresh weight of root with dry weight of root (1.2146**), shoot fresh weight
(0.8236**), shoot dry weight (0.9792**), root: shoot length ratio (0.1441), root: shoot dry
weight ratio (0.5292) and biomass production (0.9457**). Dry weight of root showed a
significant and positive correlation with shoot fresh weight (1.0325**), shoot dry weight
(0.8880**), root: shoot length ratio (0.5974), root: shoot dry weight ratio (0.5403) and
biomass production (1.1814**). Shoot fresh weight was significant and positive
correlated with shoot dry weight (1.1111**), and biomass production (0.9632**). Shoot
dry weight was positively and significantly correlated with root: shoot dry weight ratio
(0.0604) and biomass production(1.1024**). Root: shoot length ratio was positively and
significantly correlated with root: shoot dry weight ratio (0.4625) and biomass production
(0.0337). Root: shoot dry weight ratio was positive and significantly correlated with

biomass production (0.2041).

Plant height is negatively correlated with root: shoot length ratio (-0.1464).
Negative association of fresh weight of leaves with root: shoot dry weight ratio (-0.1434).
The collar diameter showed negative correlation with root: shoot length ratio (-0.0402).
Shoot fresh weight was negatively correlated with root: shoot length ratio (-0.0729) and

root: shoot dry weight ratio (-0.0791).
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Fig 4.3 : Environmental, phenotypic and genotypic coefficient of variation, heritability, expected genetic advance and
genetic advance as per cent of mean for different characters of Clerodendrum colebrookianum Walp.
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Table 4.9 : Pearson’s Correlation coefficients among different traits in Clerodendrum colebrookianum Walp.

Characters Plant No of Fresh Collar Root Length Fresh Weight ~ Dry Weight Shoot Fresh Shoot Dry Root: Root: Biomass
Height Leaves Weight of  Diameter (cm) of Root (gm)  of Root (gm)  Weight (gm) Weight (gm) Shoot Shoot Production
(cm) Leaves (mm) Length Dry (kg/Plant)
(gm) Ratio Weight
Ratio
Plant Height 1.0000
(cm)
No of Leaves 0.69107*** 1.0000
Fresh Weight ~ 0.75598***  0.78101***  1.0000
of Leaves
(gm)
Collar 0.86427*** 0.58406***  0.78483***  1.0000
Diameter
(mm)
Root Length 0.31247 0.60069***  0.3893* 0.24559 1.0000
(cm)
Fresh Weight ~ 0.80116***  0.78762***  0.72339***  (.73256*** 0.58171*** 1.0000
of Root (gm)
Dry Weight of ~ 0.43972* 0.40076* 0.40285* 0.60716*** 0.36486* 0.55150** 1.0000
Root (gm)
Shoot Fresh 0.85482*** 0.82482***  0.90668***  0.83843*** 0.40781* 0.80512*** 0.35212* 1.0000
Weight (gm)
Shoot Dry 0.77161***  0.61616***  0.83358***  0.89077*** 0.32289* 0.74843%** 0.57409*** 0.86639%** 1.0000
Weight (gm)
Root: Shoot -0.22457 0.19488 -0.04832 -0.19271 0.81608*** 0.17202 0.17272 -0.07851 -0.09578 1.0000
Length Ratio
Root: Shoot -0.04003 0.00443 -0.15337 0.01276 0.28731 0.33600 0.37709* -0.15310 -0.05554 0.43603* 1.0000
Dry Weight
Ratio
Biomass 0.87233***  0.85103***  0.87287***  0.83192*** 0.51028** 0.93443%** 0.45912* 0.96335%** 0.85767*** 0.03510 0.05956 1.0000
Production
(kg/Plant)
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The estimates of Pearson’s correlation coefficients among the different traits in
Clerodendrum colebrookianum are presented in Table 4.9. This study indicated the plant
height is significant and positively correlated with number of leaves (0.69107), fresh
weight of leaves (0.75598), collar diameter (0.86427**), root length (0.31247), fresh
weight of root (0.80116**), dry weight of root (0.43972*), shoot fresh weight
(0.85482**), shoot dry weight (0.77161**), and biomass production (0.87233*%*).
Association of number of leaves was exhibited a positive and significant correlation with
fresh weight of leaves (0.78101**), collar diameter (0.58406), root length (0.60069),
fresh weight of root (0.78762), dry weight of root (0.40076), shoot fresh weight
(0.82482**), shoot dry weight (0.61616**), root: shoot length ratio (0.19488), root: shoot
dry weight ratio (0.00443) and biomass production (0.85103**). The fresh weight of
leaves expressed a significant and positive association with collar diameter (0.78483**),
root length (0.3893), fresh weight of root (0.72339), dry weight of root (0.40285), shoot
fresh weight (0.90668**), shoot dry weight (0.83358**), and biomass production
(0.87287**). The collar diameter showed a significant and positive correlation with root
length (0.24559), fresh weight of root (0.73256), dry weight of root (0.60716), shoot
fresh weight (0.83843**), shoot dry weight (0.89077**), root: shoot dry weight ratio
(0.01276) and biomass production (0.83192**). The root length showed a significant and
positive correlation with fresh weight of root (0.58171), dry weight of root (0.36486),
shoot fresh weight (0.40781), shoot dry weight (0.32289), root: shoot length ratio
(0.81608), root: shoot dry weight ratio (0.28731) and biomass production (0.51028). A

significant and positive correlation was observed in fresh weight of root with dry weight
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of root (0.55150), shoot fresh weight (0.80512**), shoot dry weight (0.74843**), root:
shoot length ratio (0.17202), root: shoot dry weight ratio (0.33600) and biomass
production (0.93443**). Dry weight of root showed a significant and positive correlation
with shoot fresh weight (0.35212), shoot dry weight (0.57409), root: shoot length ratio
(0.17272), root: shoot dry weight ratio (0.37709) and biomass production (0.45912).
Shoot fresh weight was significant and positive correlated with shoot dry weight
(0.86639**), and biomass production (0.96335**). Shoot dry weight was positively and
significantly correlated with biomass production(0.85767**). Root: shoot length ratio
was positively and significantly correlated with root: shoot dry weight ratio (0.43603)
and biomass production (0.03510). Root: shoot dry weight ratio was positive and

significantly correlated with biomass production (0.05956).

Plant height is negatively correlated with root: shoot length ratio (-0.22457) and
root: shoot dry weight ratio (-0.04003). Negative association of fresh weight of leaves
with root: shoot length ratio (-0.04832) and root: shoot dry weight ratio (-0.15337). The
collar diameter showed negative correlation with root: shoot length ratio (-0.19271).
Shoot fresh weight was negatively correlated with root: shoot length ratio (-0.07851) and
root: shoot dry weight ratio (-0.15310). Shoot dry weight was negatively correlated with

root: shoot length ratio (-0.09578) and root: shoot dry weight ratio (-0.05554).
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Table 4.10: Regression equation for growth parameters of C. cloebrookianum

Yi Variable = Biomass Production (kg/Plant)

Intercept a Bx t-Value Probability
Y= -2.484 +0.01784 x Plant Height (cm) 9.441 0.000 ok
Y1= 0.539 +0.01327 x No of Leaves 8.576 0.000 il
Y1= 0.444 +0.00345 x Fresh Weight of Leav 9.466 0.000 il
Y1= -1.645 +0.09796 x Collar Diameter (mm) 7.933 0.000 il
Y1l= 0.461 +0.02304 x Root Length (cm) 3.140 0.004 **
Y1l= 0.301 +0.00208 x Fresh Weight of Root 13.884 0.000 Fkk
Y1l= 1.006 +0.00236 x Dry Weight of Root ( 2.735 0.011 *
Y1l= 0.060 +0.00160 x Shoot Fresh Weight ( 19.002 0.000 Fkk
Yl= 0.296 +0.00333 x Shoot Dry Weight (gm 8.826 0.000 faleie
Yl= 1.618 +0.45952 x Root: Shoot Length R 0.186 0.854
Yl= 1.555 +0.21684 x Root: Shoot Dry Weig 0.316 0.755
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Table 4.11: Descriptive Statistics showing variability among growth parameters of C. cloebrookianum

Std. Std. 0
Pooled n =30 Lowest Highest Kurtosis Skewness Mean Dev. Error C.V. JarqueBera Prob
Plant Height (cm) X1 146.304 350.520 0.003 0.401 236.116  50.194 9.164 21.258 0.804 0.669
No of Leaves X2 8.000  353.000 6.631 2.176 89.567 65.818 12.017 73.485 78.638 0.000  ***
Fresh Weight of Leaves
(gm) X3  40.000 1070.000 0.340 0.983  372.000 259.527 47.383 69.765 4.980 0.083
Collar Diameter (mm) X4 17.740 52.380 -0.484 -0.056 34.437 8.717 1592 25.313 0.309 0.857
Root Length (cm) X5 30480 124.030 0.756 0.872 54994 22731 4150 41.334 4516 0.105
Fresh Weight of Root
(gm) X6 110.000 1990.000 1.341 1.248 685.667 460.754 84.122 67.198 10.036 0.007 fala
Dry Weight of Root (gm) X7  40.000 700.000 -0.616 0.592  305.667 199.459  36.416 65.254 2.225 0.329
Shoot Fresh Weight (gm) X8 180.000 2790.000 1.657 1.245 1044.833 619.171 113.045 59.260 11.188 0.004 fal
Shoot Dry Weight (gm) X9  60.000 1110.000 0.380 0.919  429.667 264.086 48.215 61.463 4402 0.111
Root: Shoot Length Ratio  X10 0.123 0.429 -0.318 0.684 0.239 0.078 0.014 32.816 2.466 0.291
Root: Shoot Dry Weight
Ratio X11 0.400 1.620 0.697 0.790 0.799 0.282 0.052 35.299 3.724 0.155
Biomass Production
(kg/Plant) Y1 0.290 4.780 2.376 1.403 1.728 1.027 0.187 59.398 16.897 0.000  ***

105|Page



Table 4.12: Multiple Regression on Biomass Production (kg/Plant)

Beta Simple Reg. Std. t-Value t-Prob. Partial
Wi. R? Coeff. Err. R?
0.000 -0.010 0.050 0.193 0.849 0.002
Plant Height (cm) 0.002  0.002 0.000 0.000 0.189 0.853 0.002
No of Leaves -0.004 -0.003 0.000 0.000 0.423 0.678 0.010
Fresh Weight of Leaves
(gm) 0.015 0.013 0.000 0.000 1.772  0.093 0.149
Collar Diameter (mm) -0.005 -0.004  -0.001 0.001 0.443 0.663 0.011
Root Length (cm) -0.009 -0.005 0.000 0.001 0.655 0.521 0.023
Fresh Weight of Root
(gm) 0.456  0.426 0.001 0.000 39.881 0.000 ***  0.989
Dry Weight of Root
(gm) -0.002 -0.001 0.000 0.000 0.245 0.809 0.003
Shoot Fresh Weight
(gm) 0592 0571 0.001 0.000 34.338 0.000 ***  0.985
Shoot Dry Weight (gm)  0.001  0.001 0.000 0.000 0.120 0.906 0.001
Root: Shoot Length
Ratio 0.013  0.000 0.174 0.178 0.976 0.342 0.050
Root: Shoot Dry Weight
Ratio -0.003  0.000  -0.011 0.023 0.465 0.647 0.012
bu = Shoot Dry weight
(gm) 0.014
Rz 0.9998 R2adj 0.9997
F 8667.018 11, 18 Probability 0
RMS Error 0.0179 AIC -7.7566
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4.3.5 Regression Coefficient

4.3.5.1 Regression equation of biomass with other growth parameters

As depicted in Table 4.10 that, the value of regression coefficient of biomass with
plant height (0.01784), no of leaves (0.01327), fresh weight of leaves (0.00345), collar
diameter (0.09796), fresh weight of root (0.00208), shoot fresh weight (0.00160) and
shoot dry weight (0.00333) was highly significant whereas regression coefficient of
independent variable biomass production with dependent variables root length (0.02304)
and dry weight of root (0.00236) was significant. Regression coefficient of biomass
production with shoot length (0.45952) and shoot dry weight (0.21684) was not

significant.

4.3.5.2 Descriptive statistics

It is evident from the Table 4.11 that, for variable X2 (no. of leaves) data was
normally distributed and therefore show flatness of the curve which is designated as
leptokurtic. For all other variables (X1, Y1, X3-X11) data were platykurtic i.e. not bell
shaped and departed from normal curve and therefore asymmetrical either positively or
negatively. All variables were positively skewed in the side their tail exists except X4.
Highest variability among different growth parameters of plant collected from different
populations exist in number of leaves (73.4852 %) followed by fresh weight of leaves
(69.7654 %), dry weight of root (65.2359), shoot dry weight (61.4629 %) biomass

production (59.3984 %), shoot fresh weight (59.2603 %). This may be concluded that in
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the above parameters, greater variability is present in all parameters and the plant height

is considered as most consistent data among themselves.

4.3.5.3 Multiple regressions

Multiple regression equation models can explain the variation up to 99%.
Maximum positive contribution was made by shoot fresh weight (59.25 %) followed by
fresh weight of root 45.59 % and highest negative contribution made by dry weight of

root (0.16 %). These parameters therefore showed relationship with biomass production.
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4.4 Microscopic Evaluation

Fig. 4.4, 4.5 and 4.6 shows the results of the microscopic evaluation i.e. T.S. of
stem and leaf petioles. The transverse section of the stem under microscopic study as
depicted in the fig. 4.4 reveals that the stem of the plant is tender and soft. There was a
fine outgrowths or appendages on plants called as Trichomes or plant hairs. The cell
walls of trichomes are commonly of cellulose and are covered with a cuticle. They are
lignified. The main function of trichomes is to aid in the protection of plant body from
outer injurious agencies different in plants. Just beneath the tracheids, a single layer
epidermis, compactly arranged square cells are present and acts as a boundary between
the plant and the external environment. The epidermis serves several functions to protect
against water loss, regulates gas exchange, secretes metabolic compounds, and absorbs
water and mineral nutrients. This is followed by 5-6 layered schlerenchyma cells which
are almost circular in shape. Immediately after schlerenchyma cells 3-4 layered
parenchymatous cells are present. Below parenchymatous cells, ground tissues are
distributed throughout and composed of circular cells. Vascular bundles are present along
with the pith. The function of xylem is to collect water and minerals from the roots and
transport to the leaves and phloem is to transport food from the leaves to rest of the plant
parts. And lastly, pith was present in the middle of the stem and it is composed of soft,
spongy parenchyma cells, and its importance function is to store and transport nutrients

throughout the plant.

The leaves C. colebrookianum are simple, opposite or rarely whorled. Leaves are

10-20 cm in length and 6-12 cm in breadth. Leaf base is wedge- shaped to heart-shaped,
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margin entire to slightly wavy, tip pointed. The Fig 4.5 showed the transverse section of
leaf petiole of C. colebrookianum. It is clear from the Fig. that the outer cell wall was
covered by Trichomes. It was followed by multiple layers of palisade cells. The palisade
cells are round in shape. Just beneath the palisade cell, collenchyma cells are present. The

vascular bundles are scattered in the collenchymatous cells around the pith.

The Fig. 4.6 shows the transverse section of roots of C. colebrookianum. It is
clear from the Fig. that the root of C. colebrookianum comprises of a number of layers of
different cells. The outermost layer of the root is called epidermis. It is immediately
followed by cortex. Just beneath the cortex, 5-6 layers of collenchymatous cells are
compactly arranged. Vascular bundles, xylem and phloem occupy the central region of
the root. Xylem transports the water and minerals absorbed by the root up to the stems,
leaves, and flowers. The phloem transports the sugars and other nutrients made by the

leaves down to the root for immediate use or for storage during periods of dormancy.

4.5 Seed Biology

4.5.1 Physical parameters of the seeds

The data pertaining to physical parameters of the seeds are presented in Table
4.13. Analysis of variance revealed significant difference in physical parameters of the

seeds with respect to locations.
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4.5.1.1 Seed Weight (g)

It is evident from the data presented in Table 4.13 that the seed weight was
influenced by different locations. The highest seed weight was obtained in Reiek
(0.40+0.02 g) which was significantly higher than rest of the locations except seeds
collected from Zonuam (0.38+0.03 g) with which it was found statistically at par. Among
all the locations, the lowest seed weight was recorded in Chawlhhmun (0.21+£0.01 g)
which was significantly lower than other types of seeds except in Durtlang (0.22+0.02),

Lengpui (0.23+0.02 g), Lungdai (0.24+0.02 g), and Sakawrtuichhun (0.24+0.03 g).
4.5.1.2 Seed Length (mm)

A highly significant difference in seed length was observed among the different
locations (Table 4.13). Among the different locations, the highest seed length was
obtained from the seeds collected from Reiek (7.38 £0.46 mm) which was significantly
higher than rest of the seeds except Zonuam (7.02+0.28 mm) and Chawlhhmun
(6.92+0.41 mm). Among all the locations, the significantly lowest length was obtained

from the seeds collected from Durtlang (6.43+0.20 mm).

4.5.1.3 Seed diameter (mm)

There was significant variation among the seeds collected from various locations
with respect to diameter of the seeds. The highest diameter of the seeds was observed in
Reiek (5.86+0.48 mm) which was significantly higher than rest of the locations except in

Zonuam(5.65+£0.13 mm), Chawlhhmun (5.50£0.19 mm) and Lungdai (5.47£0.21 mm)
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with which it was found statistically at par. Among all the locations, the lowest seed

diameter was obtained in Durtlang (5.02+0.30 mm).

4.5.2 Moisture Loss (%)

It reveals from the Table 4.13 and Fig. 4.7 that variation in moisture loss among
the seeds collected from different locations was significant. At 30 days after storage of
seeds, the highest moisture loss was observed from the seeds collected from Tanbhril
(17.65+0.01) which was significantly higher than all other locations. It was followed by
the seeds collected from Durtlang (17.01£0.02). Among all the locations, the lowest was

recorded in Serkhan (10.05+0.03) which was significantly lower than other seeds.

At 60 days after storage, the maximum moisture loss was obtained in Tanhril
(18.26£0.02) which was significantly higher than all other locations. The mimimum
moisture loss was obtained in Serkhan (13.51+0.01) which was significantly lower than

seeds collected from all other locations.

At 90 days after storage of the seeds, the maximum moisture loss was observed in
the seeds collected from Durtlang (19.13£0.02 %), which was significantly higher than

all other locations, while lowest was observed in Sakawrtuichhun (14.13+0.00 %).
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Table 4. 13: Physical parameters of the seeds of Clerodendrum colebrookianum Walp. from different locations

Slno Location Weight (g) Length Diameter Moisture loss (%) Seed Volume (cc) Imbibition (%6)
(mm) (mm) 30days 60 days 90 days

1 Durtlang 0.22+0.02  6.43£0.20 5.02+0.30 17.01+0.02 17.92+0.02 19.13+0.02 0.55+0.07 34.82+£3.79
2 Reiek 0.40+0.02  7.3840.46 5.86+£0.48 15.22+0.02 15.92+0.01 15.92+0.01 0.86+0.12 30.70+2.67
3 Luangmual 0.26+£0.02  6.81+0.15 5.45+0.18 15.41+0.01 16.76+£0.01 16.77+0.01 0.69+0.11 39.71+6.94
4 Lungdai 0.24+0.02  6.84+0.45 5.47+0.21 13.95+0.03 14.32+0.15 14.25+0.01 0.61+0.08 43.91£1.98
5 Serkhan 0.27+0.04  6.64+0.24 5.15+0.18 10.05+0.03 13.51+0.01 18.70+0.01 0.70+0.12 34.79+2.42
6 Zonuam 0.38+0.03  7.02+0.28 5.65+0.13 14.08+0.02 14.80+0.01 15.47+0.01 0.73+0.08 38.98+7.60
! Chawlhhmun—0.21£0.01  6.92£041 550£0.19  1306,001 1431+002 16.04+0.0L  0.68:0.08 36.29+9.82
8 Tanhril 0.25+0.01  6.71+0.38 5.22+0.20 17.65+0.01 18.26+0.02 18.28+0.01 0.64+0.11 33.83+5.11
9 Sakawrtuichhun  0.24+0.03  6.46+0.24 5.10+0.35 12.63+0.02 14.12+0.01 14.13+0.00 0.76x0.08 32.48+1.48
10 Lengpui 0.23+0.02  6.66+0.21 5.37+0.24 14.17+0.01 15.08+0.02 15.85+0.01 0.74+0.12 31.09+2.10
S Ed(z) 0.02 0.23 0.19 0.012 0.041 0.008 0.07 342
CDo 05 0.04 0.49 0.40 0.026 0.087 0.019 0.15 7.19
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Fig. 4.7: Moisture loss at different days after storage across different locations
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4.5.3 Seed volume (cc)

Significant differences were observed among the seeds collected from different
locations with respect to seed volume (Table 4.13). Among all the locations, the highest
seed volume was recorded in Reiek (0.86+0.12 cc), but it was statistically at par with
Sakawrtuichhun (0.76+0.08cc) Lengpui (0.74+0.12 cc) and Zonuam (0.73+0.08 cc).
However, the lowest volume of the seed was found in Durtlang (0.55+0.07cc) which was

significantly lower than most of the seeds.

4.5.4 Imbibition (%)

The data recorded on imbibition of the seeds was observed to have significantly
varied among the different locations (Table 4.13). Among the different locations, the
seeds collected from Lungdai (43.91+1.98 %) recorded the maximum imbibition which
was significantly higher than rest of the locations, except Luangmual (39.71+6.94 %)
while the lowest imbibition was obtained in Reiek (30.70£2.67 %) which was

significantly lower than most of the locations.

4.5.5 Seed viability

4.5.5.1 Seed viability at refrigerated condition

The data pertaining to seed viability tested by using tetrazolium at refrigerated
condition are presented in Table 4.14. Analysis of variance revealed significant

difference in seed viability at refrigerated condition with respect to different locations
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At one month of storage, i.e. in December, the highest viability was observed in
Reiek (100.00£0.00 %) which was significantly higher than all other locations except in
Chawlhhmun (96.67+5.77 %). The lowest viability was observed in Lengpui, Luangmual

and Zonuam (83.33+5.77 %).

At two months of storage, i.e. in January the maximum seed viability was
obtained in Reiek (95.00+5.00 %) significantly higher than rest of the locations except
Durtlang (91.67+2.89 %), Lungdai and Tanhril (86.67+5.77 %) with which it was found
statistically at par, however, among all the locations, the lowest viability was observed in

Lengpui (76.67+5.77 %).

The seeds collected from Reiek recorded the highest seed viability (93.33+5.77
%) at three months of storage i.e. February, which was significantly higher than rest of
the seeds except, Durtlang (85.00£5.00 %). Among all the seeds, the lowest viability was

observed in the seeds collected from Lengpui (73.33£5.77 %).

At four months, i.e. March, the maximum viability was recorded in Reiek
(86.67£5.77 %) which was significantly higher than other locations except Durtlang
(83.33£5.77 %) and Serkhan (80.00+0.00 %). The lowest viability at this storage was
obtained in Chawlhhmun (70.00+0.00 %) which was significantly lower than the most of

the locations.

The maximum viability was found in the seeds collected from Reiek (86.67+5.77

%) at five months of storage, i.e. April, which was significantly higher than all other
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locations  except Durtlang (80.00+£0.00 %), while, the lowest was observed in

Chawlhhmun and Sakawrtuichhun (66.67+5.77 %).

At six months of storage, i.e. in the month of May, among all the locations, Reiek
(76.675.77 %) showed maximum viability which was significantly higher than all other
locations, while, the lowest was recorded in Lengpui, Serkhan and Tanhril (50.00+10.00

%).

Reiek (53.33+5.77 %) showed maximum viability at 7 months of storage, i.e.
June. It was followed by the seeds collected from Luangmual (50.00£10.00 %). Among
all the locations, Lengpui (30.00+5.00 %) recorded the lowest viability but it was at par

with Tanhril (30.00+10.00 %).

The seed viability varied significantly at 8 months of storage, and among all the
locations, seeds collected from Reiek and Lungdai recorded the highest viability
(20.00£10.00 %) which was significantly higher than all other locations, while

Chawlhhmun and Sakawrtuichhun recorded the lowest seed viability (6.67+5.77 %).

There was no significant variation among the seeds collected from different
locations with respect to seed viability at 9 months onwards, i.e. August. But Reiek and

Lungdai recorded the highest viability of the seeds.
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Table 4.14: Viability of the seeds of Clerodendrum colebrookianum at refrigerated condition

SI.N Location December January February March April May June July August
1 Durtlang 93.33+5.77  91.67+2.89 85004500  83.33%5.77  80.00+0.00  60.00+10.00 40.00+10.00  16.67+5.77 6.67+5.77
2 Reiek 100.00£0.00  95.00+5.00  93.33+5.77  86.67#5.77  86.67+5.77  76.67+5.77  53.33+5.77  20.00+10.00  10.00+10.00
3 Luangmual 83.3345.77  80.00£0.00  76.67+5.77  75.00£5.00  70.00+0.00  60.00£10.00 50.00+10.00  10.00£10.00  6.67+5.77
4 Lungdai 90.00+0.00  86.67+5.77  83.33+5.77  76.67+5.77  73.33+5.77  53.33%+5.77  40.00£10.00 20.00+10.00  10.00+0.00
5  Serkhan 86.67+5.77  83.33+5.77  83.33+5.77  80.00£0.00  73.33+5.77  50.00+10.00  46.67+5.77 6.67+5.77 6.67+5.77
6 Zonuam 83.33+5.77  80.00+10.00  76.67+15.28 73.33+5.77  70.00+10.00 60.00+5.77  40.00+10.00  10.00£0.00  6.67+5.77
7 Chawlhhmun 96674577  80.00£0.00 7333577  70.00£0.00  66.67+5.77  56.67+10.00 3333577  6.67+5.77  3.3345.77
8  Tanhril 86.67+5.77  86.67+5.77  80.00+0.00  76.67#5.77  70.00£10.00  50.00+10.00 30.00£10.00  16.67#5.77  6.67£11.55
9 Sakawrtuichhun  gq47,577 83334577  80.00£10.00 76.67+5.77  66.67+5.77  53.33577  36.674577  6.67+¢577  3.33%5.77
10 Lengpui 83.3345.77  76.67#5.77  73.33+5.77 7333577  70.00+0.00  50.00£10.00 30.00+5.00  10.00+0.00 3.3345.77

S Ed(®) 2.96 4.59 418 3.92 5.19 5.86 6.81 4.07 -

CDogs 4.19 9.64 8.78 8.24 10.9 12.31 14.31 8.55 NS
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4.5.5.2 Seed viability at ambient condition

Significant to highly significant variation was observed among the seeds collected

from different locations with respect to seed viability at ambient conditions (Table 4.15).

The viability of the seeds collected from different locations was found to be
varied significantly at one month of storage i.e. December at ambient conditions (Table
4.15). The highest seed viability at this stage was found in Reiek (96.67+5.77 %) which
was significantly higher among other locations except Chawlhhmun (93.33£5.77 %) and
Lungdai (90.00£10.00 %). Among all the locations, the lowest seed viability was
obtained in Lengpui (80.00+5.00 %) which was found statistically at par with Luangmual

(80.00+10.00 %) and Zonuam (81.67+10.41 %).

At two months of storage, i.e. January, the highest viability was obtained in Reiek
(91.67+2.89 %) which was significantly higher than rest of the locations except Durtlang
(85.00£8.66 %), Lungdai (85.00£5.00 %), and Tanhril (83.33£5.77 %). However, the
lowest was found in Zonuam (66.67+5.77 %) which was significantly lower than other

locations.

The significantly highest viability at three months of storage i.e. February was
observed in Reiek (86.67+2.89 %) followed by Durtlang (83.33+5.77 %) and the lowest

was observed in Zonuam (63.33£2.89 %) which was significantly lower than other seeds.

At four months of storage, i.e. March, the highest viability was recorded in Reiek

(83.33£5.77) which was significantly higher than most of the locations. It was followed
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by Durtlang (80.00£5.00 %). Among all the locations, the lowest viability at this stage
was obtained in Zonuam (61.67£2.89 %) which was significantly lower than the most of

the locations.

Maximum viability at five months of storage, i.e. April was observed in Reiek
(78.33£7.64 %) which was significantly higher than all other locations except Durtlang
(75.00£5.00 %) and Serkhan (73.3315.77 %). At this stage, the significantly lowest seed

viability was observed in Zonuam (58.33+£2.89 %).

The viability of the seeds was very poor at 7 months of storage. Among all the
locations, Lungdai (33.33+2.89 %) recorded the highest viability but it was found
statistically at par with Luangmual (30.00£10.00 %), Durtlang (23.33+5.77 %) and
Chawlhhmun(25.00£5.00 %). Among the storage seeds, Sakawrtuichhun (16.67+£2.89 %)

exhibited the lowest viability.

From 8 months onwards, no germination was observed among the seeds collected

from different locations.
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Table 4.15 : Viability of the seeds of Clerodendrum colebrookianum at ambient condition

SI.  Location December January February March April May June July August
No.
1 Durtlang 86.67+5.77  85.0048.66  8333+5.77  80.004500 75004500  58.33+7.64 2333577  0:00£0.00  0.00+0.00
2 Reiek 96.674¢5.77  9167+2.89  86.67+2.80  83.33:+577  78.33:7.64  56.67+l041 18.33+7.64  0-00#0.00  0.00£0.00
3 Luangmual 80.00£10.00 78.33+2.89 75004500  73.33%577  68.33+7.64  48.33:7.64  30.00+1000 0-00£0.00  0.00+0.00
4 Lungdai 90.00£10.00 85004500  8167+7.64  76.67+5.77 65004500  38.33+2.89  33.33+289  0-00£0.00  0.00+0.00
5  Serkhan 83.33:7.64  8L67+7.64 80004500  76.67+577 7333577  30.00+10.00 21.67+289  0-00¢0.00  0.00+0.00
6 Zonuam 81.67+10.41 66.6745.77  63.33+2.80  61.67+2.89  58.33:2.80 25004500  18.33t2.89  0:00*0.00  0.00£0.00
7 Chawlhhmun 9333577 76674577 7333577  70.00¢5.00  66.67+2.80  38.33+2.89  2500¢500  0-00:0.00  0.00£0.00
8  Tanhril 86.675.77 8333577  80.00£0.00  76.67+2.89 65004500 23334577  1833+2g89  0-00:0.00  0.00£0.00
9  Sakawrtuichhun g1 67,989  7833:7.64  76.67+7.64 73334577  66.67+5.77  30.00:10.00 16.67+2.89  0-00£0.00  0.00+0.00
10 Lengpui 80.00£500 75004500  73.33#5.77  70.00£10.00 6500500  28.33t1041 20.00+500  0:00£0.00  0.00+0.00
SEd@®) 4.76 477 457 4.94 459 5.99 4.44 0.00 0.00
CDoos 1000 10.03 9.61 10.39 9.64 12.59 9.32 0.00 0.00
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4.5.6 Seed Germination

4.5.6.1 Seed germination at refrigerated condition (%o)

Data presented in Table 4.16 revealed that there was significant difference among
the seeds obtained from different locations in germination of the seeds under refrigerated

conditions.

The highest germination of the seeds at one month after storage, i.e. December,
was found in Reiek (66.67+£5.77 %) which was significantly higher among other
germplams except Durtlang (63.33+5.77 %), Lengpui (60.00£20.00 %) Tanhril
(53.33+x15.28 %) and Serkhan (53.33%£5.77 %). However, the significantly lowest

germination was obtained in Lungdai (40.00+14.14 %).

At two months of storage, i.e. in January, the maximum germination percentage
of the seeds was obtained in Luangmual (93.33+5.77 %) which was significantly higher
than most of the locations. It was followed by Lungdai (90.00£10.00 %). At this stage,

the lowest germination was found in Reiek (66.67+5.77 %).

The highest germination percentage at three months of storage, i.e. February was
observed in Reiek (96.67+5.77 %) which was significantly higher than most of the

locations, while the significantly least was obtained in Chawlhhmun (63.33+11.55 %).

At four months of storage, i.e. March, the significantly highest germination
percentage was recorded in Lungdai (83.33+15.28 %). It was followed by Tanhril

(80.00£10.00 %) which was significantly higher than other locations. The lowest
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germination percentage was obtained in Serkhan (63.33£15.28 %) which was
significantly lower than the rest of the locations.

The significantly highest germination percentage was found in Luangmual
(83.33+15.28 %) at five months of storage, i.e. April, which was significantly higher than
most of the locations, while, the lowest was observed in Lengpui and Reiek (56.67+5.77
%).

At six months of storage, i.e. May, among all the locations, Durtlang
(43.33£15.28 %) showed maximum germination percentage which was significantly
higher than most of the locations. The significantly lowest germination percentage was
recorded in Zonuam (26.67£5.77 %).

Durtlang (43.33+5.77 %) showed maximum germination percentage at 7 months
of storage, but it was found statistically at par with Reiek (40.00+£17.32 %) and Zonuam
(40.00+10.00 %). Among all the locations, Lengpui (20.00£10.00 %) exhibited the
lowest germination percentage.

At 8 months of storage, i.e. July, the germination was very poor. The maximum
was reported in Reiek (6.67+£5.77 %), and Zonuam (6.67+11.55 %), while the lowest
(0.00+0.00 %) was recorded in Luangmual and Serkhan.

The germination was very poor at 9 months of storage, i.e., August, the seeds
collected from 3 locations only germinated i.e. Durtlang, Serkhan and Sakawrtuichhun
(3.33+5.77 %), while the rest fail to germinate (0.00+0.00 %) and there was no

germination beyond 9 months.
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Table 4.16: Month wise germination per cent of seeds at refrigerated condition

SI.  Location December January February March April May June July August
No.

1 Durtlang 63.33£5.77 76.67£11.55  86.67+5.77 73.33£11.55  66.67%5.77 43.33£15.28  43.3315.77 3.3315.77 3.33+5.77
2 Reiek 66.6745.77 66.67+5.77 96.6745.77 76.67+15.28  56.6745.77 30.00£10.00  40.00+17.32  6.67+5.77 0.00+0.00
3 Luangmual 46.67+5.77 93.335.77 76.67+5.77 66.67+5.77 83.33+15.28  36.67+15.28  26.67+5.77 0.00+0.00 0.00+0.00
4 Lungdai 40.00+14.14  90.00+10.00  73.33+11.55 83.33+15.28  76.67+5.77 40.00+17.32  30.00+20.00 3.33+5.77 0.00+0.00
5 Serkhan 53.3345.77 83.33+15.28  86.6745.77 63.33£15.28  83.33+11.55 30.00+10.00 30.00+17.32  0.00+0.00 3.335.77
6 Zonuam 43.33+15.28  83.3315.77 76.67+15.28  70.00+20.00  70.00+10.00 26.67+5.77  40.00+10.00 6.67+11.55  0.00+0.00
7 Chawlhhmun 50.00+10.00  73.33+11.55 63.33+11.55 66.67+5.77 70.00+10.00  33.33+25.17  26.67+5.77 3.33+5.77 0.00+0.00
8 Tanhril 53.33+15.28  76.67+11.55  83.33+15.28  80.00+10.00  73.33+15.28  40.00+20.00  23.33%5.77 3.33+5.77 0.00+0.00

9 Sakawrtuichhun 56.70+5.77 86.67+5.77 86.67+15.28  66.67+15.28  63.33+25.17  30.00+20.00 26.67+11.55 3.33%5.77 3.33+5.77

10  Lengpui 60.00+20.00  80.00+10.00  66.67+5.77 66.67+30.55  56.67+5.77 33.33+20.82  20.00+10.00  0.00+0.00 0.00+0.00
S Ed(x) 7.22 6.83 6.50 5.74 7.95 4.65 6.02 0.08 0.08
CDg .05 15.16 14.35 13.65 12.06 16.71 9.77 12.64 0.16 0.16
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4.5.6.2 Seed germination at ambient condition

It is evident from the data represented in Table 4.17 that there was significant
difference in germination among the seeds at ambient conditions. The petridishes were
kept at different temperature regimes (10,15, 20 and 25+2°C with humidity at 80%) in
growth chamber with 16 /8 hours light and dark conditions in laboratory, but except
25+2°C, in other temperature, there was no germination at all.

Tanhril (53.33+x15.28 %) recorded the significantly highest germination
percentage at one month of storage i.e. December, followed by Durtlang and Reiek
(50.00+10.00 %), while the lowest was obtained in Zonuam (33.33+5.77 %).

The highest germination percentage at two months of storage i.e. January was
observed in Reiek (90.00+10.00 %) which was significantly higher than rest of the
locations. However, the minimum was found in Lengpui (46.67+15.28 %) which was
significantly lower than most of the locations.

At three months of storage, i.e., February, the highest germination was observed
in Durtlang, Chawlhhmun (86.67+5.77 %) and Tanhril (86.67+23.09 %) which was
significantly higher than most of the seeds and the least was obtained in Serkhan
(60.00+10.00 %).

The highest germination percentage at four months of storage, i.e. March was
recorded in Serkhan (86.67+£15.28 %), which was significantly higher than most of the
locations. It was followed by Zonuam (80.00+20.00 %). Among all the locations, the
lowest germination percentage was obtained in Lungdai (56.67+£5.77 %) which was

significantly lower than most of the locations.
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Table 4.17: Month wise germination per cent of seeds at ambient condition

Sl Location December January February March April May June July August
No.
1 Durtlang 50.00+10.00 70.00+10.00 86.6745.77  70.00+26.46 66.67+11.55 26.6745.77 0.00+0.00 0.0£0.0 0.0£0.0
2 Reiek 50.00+10.00 90.00+10.00 80.00£0.00  66.67+15.28  60.00+10.00 23.33+15.28  3.33#5.77 0.0£0.0 0.0+0.0
3 Luangmual 46.67+15.28 66.67+5.77 70.00£10.00  63.33+5.77 53.335.77 16.67+5.77 6.67+11.55 0.0+0.0 0.0+0.0
4 Lungdai 43.33+15.28 56.6745.77 63.3345.77  56.67+5.77 50.00£10.00  23.33+20.82  0.00+0.00 0.0£0.0 0.0+0.0
5 Serkhan 43.3345.77 76.6745.77 60.00£10.00 86.67+15.28  70.00+10.00  23.33+15.28  3.33#5.77 0.0£0.0 0.0+0.0
6 Zonuam 33.3345.77 70.00+10.00 70.00£10.00 80.00+20.00  50.00+10.00  13.33%5.77 6.67+11.55 0.0+0.0 0.0+0.0
7 Chawlhhmun 46.67+15.28 56.67+15.28 86.6745.77  63.33+15.28  43.33+15.28  26.67+23.09  0.00+0.00 0.0£0.0 0.0+0.0
8 Tanhril 53.33+15.28 76.67+15.28 86.67+23.09 70.00+10.00  40.00+20.00 13.33+11.55  0.00+0.00 0.0£0.0 0.0+0.0
9 Sakawrtuichhun 46.67+5.77 53.33+11.55 73.33+5.77 70.00+17.32  36.67+11.55 26.67+15.28  6.67+11.55 0.0+0.0 0.0+0.0
10  Lengpui 36.67+5.77 46.67+15.28 73.33%15.28  76.67+5.77 40.00£20.00  30.00+26.46  0.00+0.00 0.0£0.0 0.0+0.0
S Ed(z) 4.77 6.61 6.71 7.08 8.66 4.86 2.58 - -
CDgos 10.01 13.89 14.10 14.87 18.20 10.22 5.42 - -
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Maximum germination percentage at five months of storage i.e. April, was
observed in Serkhan (70.00+£10.00 %). It was followed by Durtlang (66.67+£11.55 %) and
Reiek (60.00£10.00 %), while, the lowest was observed in Sakawrtuichhun (36.67+11.55
%) which was significantly lower than most of the locations. Tanhril (40.00+20.00 %)

and Lengpui (40.00+20.00 %) immediately followed it.

Lengpui (30.00+26.46 %) showed maximum germination percentage at SiX
months of storage, i.e. May, which was significantly higher than the seeds collected from
most of the locations. The lowest germination percentage was recorded in Zonuam

(13.33%5.77 %) which was found statistically at par with Tanhril (13.33+11.55 %).

At seven months of storage, i.e. June, the maximum germination percentage was
found in Luangmual, Zonuam and Sakawrtuichhun (6.67£11.55 %). While, the seeds
collected from Durtlang, Lungdai, Chawlhhmun, Tanhril and Lengpui exhibited no

germination (0.00£0.00 %).

There was no germination at eight and ninth months of storage irrespective of

locations of collection of the seeds.

4.6. Germination studies

4.6.1 Germination studies with different PGRs and chemicals

Data presented in Table 4.18 showed that there was significant difference among
the seeds treated with different PGRs and Chemicals with respect to the germination

parameters.
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Table 4.18: Germination of Clerodendrum colebrookianum Walp by using different PGRs
and chemicals

Treatment Germination% Days Days Days required
required for  required for  for initiation of
onset of completion of  true leaves
germination germination

Control 23.2745.87 17.33+£1.15 28.33x1.53 18.33+2.31

GA; 50 PPM 9.67+£0.58 14.00+1.00 26.33+0.58 17.33+0.58

GA; 100 PPM 30.00+10.00 14.00+1.73 21.00+2.83 17.00£1.00

GA; 200 PPM 26.67+2.30 13.33+2.89 20.00+2.65 15.67+3.21

GA; 500 PPM 53.33£11.55 15.33+£0.58 20.00£1.00 16.00£0.00

IAA 50 PPM 17.67+1.53 16.00£1.73 18.00+1.00 16.67+0.58

IAA 100 PPM 33.33£2.89 12.67+£2.52 19.67+1.53 13.00£1.00

IAA 200 PPM 20.00£0.00 12.33+2.52 18.33+1.15 14.00£2.65

IAA 500 PPM 6.67+0.23 9.33+£0.58 19.00£2.00 10.00£1.00

IBA 50 PPM 33.331£5.77 11.00+1.00 16.00+1.00 11.33+0.58

IBA 100 PPM 33.33+11.55 13.33£1.53 20.67+1.53 14.33+2.31

IBA 200 PPM 26.67+£5.77 15.33+4.73 23.33+£0.58 16.00+3.46

IBA 500 PPM 7.33+2.08 13.00£2.00 20.00£1.00 13.33£3.06

NAA 50 PPM 33.33£11.55 15.00+0.00 20.33£0.58 17.00£1.00

NAA 100 PPM 51.67£12.58 17.33+£2.08 19.67+3.06 18.00£1.00

NAA 200 PPM 5.67+1.15 12.33+2.52 25.67£2.08 17.00£1.00

NAA 500 PPM 13.33£2.89 15.00£0.00 22.00£1.00 16.67£3.06

2.4-D 50 PPM 26.67+0.38 12.33+2.52 19.00+2.65 13.00£1.00

2,4-D 100 PPM 10.00+2.29 9.67+2.08 24.00£2.65 11.67+1.15

2,4-D 200 PPM 13.33+5.77 11.67+2.89 22.00£2.65 13.00+2.65

2.4-D 500 PPM 10.00+0.00 11.33+£1.15 21.00£3.00 14.00£2.00

TIBA 50 PPM 11.33+1.15 10.67+2.31 24.67£1.53 12.33£3.79

TIBA 100 PPM 13.33+2.89 15.67+1.15 25.33£2.08 16.00£2.00

TIBA 200 PPM 12.67+0.58 14.33+£3.21 22.67£2.52 15.33+2.52

TIBA 500 PPM 20.00+8.66 13.33+£2.89 23.33£2.52 15.33£2.08

KNO3; 100 mM 85.67+5.13 7.00£1.00 11.33£1.15 7.33£0.58

KNO3 150 mM 88.67+1.53 6.33+£0.58 12.00£2.00 6.67+0.58

NaHCIO; 100 mM 56.67+11.55 8.00£1.00 15.33£1.53 8.67%0.58

NaHCIO3 150 mM 84.00£3.61 7.33+0.58 10.00+1.00 8.00+1.00

SEd(%) 4.92 1.62 1.52 1.56

CD 8.22 2.71 2.54 2.61

0.05
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It is evident from the data presented in Table 4.18 that the germination of the
seeds was influenced by different PGRs and chemicals. Among all the PGRs and
chemicals, the highest germination was obtained in KNO3 150 mM (88.67+1.53%) which
was significantly higher than other treatments, except in KNO3 100 mM (85.67+5.13%),
NaHCIO3 150 mM (84.00£3.61%) with which it was found statistically at par. However,
the minimum germination percentage was recorded in NAA 200 ppm (5.67+1.15) which

was significantly lower than most of the treatments.

A highly significant difference was observed among the different
treatments in days required for onset of germination (Table 4.18). Control (17.33£1.15)
required the maximum days for onset of germination, which was significantly higher than
other treatments, except NAA 100 ppm (17.33+2.08), IAA 50 ppm (16.00£1.73), and
TIBA 100 ppm (15.67+1.15) NAA 200 ppm (12.33+2.52), and NAA 500 ppm
(15.00£0.00), which it was found statistically at par. However, the minimum days was
recorded in KNO; 150 mM (6.33+0.58) which was significantly lower than other
treatments, except in KNO; 100 mM (7.00+£1.00), NaHCIO; 150 mM (7.33+0.58)

NaHCIO3; 100 mM (8.00+1.00), with which it was found statistically at par.

Among all the treatments, control required the maximum days for completion of
germination (28.33+1.53), which was significantly higher than all other treatments,
except GA3 50 ppm (26.33+£0.58) with which it was found statistically at par. NaHCIO3

150 mM required the minimum days for completion of germination (10.00+1.00) which
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was significantly lower than all other treatments except KNO3 100 mM (11.33+1.15) and

KNO;3 150 mM (12.00+2.00) with which it was found statistically at par.

Similarly, the maximum days for initiation of true leaves was observed in control
(18.33£2.31) which was significantly higher than most of the treatments. It was followed
by NAA 100 ppm (18.00£1.00), GA3 50 ppm (17.33+0.58), NAA 50 ppm, NAA 200
ppm and GA;z; 100 ppm (17.00£1.00), NAA 500 ppm (16.67%3.06), IBA 200 ppm
(16.00+3.46) respectively. The minimum days for initiation of true leaves was recorded
in KNO3z 150 mM (6.67+0.58) which was significantly lower than all other treatments
except in KNO3; 100 mM (7.33+0.58), NaHCIO3 150 mM (8.00+1.00), and NaHCIO3 100

mM (8.67+0.58) with which it was found statistically at par.

4.6.2 Germination studies with different media

It reveals from the Table 4.19 and Fig. 4.8 that variation in germination per cent
of the seeds among the different media was significant. Among the various media
composition, the maximum germination percentage (88.33+2.89 %) was recorded in
FYM + vermicompost (VC) + soil + sand (2:2:1:2) which was significantly higher than
all other treatments except FYM + vermicompost (VC) + soil + sand (2:2:2:1),
(86.67£7.64 %), FYM + vermicompost (VC) + soil + sand (2:2:1:1), (83.33£5.77 %) and
FYM + vermicompost (VC) + Soil + Sand (2:1:1:1) (80.00+8.66 %) with which it was
found statistically at par. The lowest germination percentage was recorded in nursery soil

alone (53.33+5.77 %) which was also significantly lower than other treatments.
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Table 4.19: Germination study of Clerodendrum colebrookianum Walp by using

different media

Treatments Germination Days Days Days
percentage  required required for required for

for onset of completion of initiation of
germination germination  true leaves

Nursery soil alone 53.33+5.77 19.00+1.00  35.67+0.58 24.00+1.00

Sand alone 65.00+5.00 18.67+1.15  35.00+1.00 23.67+£1.15

FYM-+Vermicompost (VC)+  78.33+2.89 15.00£1.00  32.00+1.00 19.67+0.58

Soil + Sand (1:1:1:1)

FYM+Vermicompost (VC)+  68.33+7.64  16.00+1.00 33.67+0.58 21.00+1.00

Soil + Sand (1:2:1:1)

FYM+Vermicompost (VC)+  66.67+5.77 14.33+0.58  31.33+2.08 19.33+0.58

Soil + Sand (1:1:2:1)

FYM+Vermicompost (VC)+  76.67+7.64  15.00+1.00  34.00+1.00 20.33+1.15

Soil + Sand (1:1:1:2)

FYM+Vermicompost (VC)+  80.00+8.66 15.67+1.15  30.33+0.58 21.00£1.00

Soil + Sand (2:1:1:1)

FYM+Vermicompost (VC)+  83.3315.77 16.00+£1.00  32.00+1.00 21.00+0.00

Soil + Sand (2:2:1:1)

FYM+Vermicompost (VC)+  86.67+7.64 15.00+£1.00 34.00£1.15 20.00+1.00

Soil + Sand (2:2:2:1)

FYM+Vermicompost (VC)+  88.33+£2.89 12.33+0.58  29.00+2.00 18.00£1.00

Soil + Sand (2:2:1:2)

SEd (1) 5.10 0.78 1.01 0.77

CD 10.71 1.63 2.12 1.62

0.05
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Fig. 4.8: Germination (%), days for onset of germination, days for
completion of germination, days for true leaf initiation with
different media composition
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Significant differences were observed among the different media composition
with respect to days required for onset of germination (Table 4.19). Among the different
media, the maximum days required for onset of germination was observed in nursery soil
alone (19.00£1.00 ) which was significantly higher than all other treatments except in
sand alone (18.67+1.15) with which was found statistically at par. The minimum days for
onset of germination was recorded in FYM + vermicompost (VC) + soil + sand (2:2:1:2)

(12.33£0.58) which was significantly lower than rest of the treatments.

The effect of different media on days required for completion of germination was
found to be significant (Table 4.19). The maximum days required for completion of
germination was found in nursery soil alone (35.67+0.58), which was significantly higher
than the rest of the treatments except sand alone (35.00£1.00), FYM + vermicompost
(VC) + soil + sand (2:2:2:1) (34.00£1.15), FYM + vermicompost (VC) + soil + sand
(1:1:1:2) (34.00+£1.00) and FYM + vermicompost (VC) + soil + sand (1:2:1:1)
(33.67+0.58) with which it was found statistically at par. While, the minimum days
required for completion of germination (29.00+2.00) was recorded in FYM +
vermicompost(VC) + soil + sand (2:2:1:2) which was significantly lower than all other

treatments except FYM + vermicompost (VC) + soil + sand (2:1:1:1) (30.33+0.58) .

Nursery soil alone (24.00£1.00) required the significantly maximum days for
initiation of true leaves except in sand alone (23.67+1.15). The minimum days required
for initiation of true leaves was obtained in FYM + vermicompost(VC) + soil + sand
(2:2:1:2) (18.00+1.00) which was significantly lower than all other treatments except in

FYM + vermicompost(VC) + soil + sand (1:1:2:1) (19.33+0.58).
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4.7 Acquisition of germinability

4.7.1 Dormancy

To determine the acquisition of germinability, seeds were harvested at three
different stages i.e. immature seeds (green fruit), mature seeds and dehisced seeds. The
experimental test showed very less germination from green immature fruits. The seeds
collected at mature and fallen seeds gave good germination. So, there was no dormancy
present in the seeds of harvested and fallen seeds. But the poor germination in green
seeds might be due to under-developed embryo at the time of collection of the seeds

(dormancy due to rudimentary embryo).

4.7.2 Germination Percentage

Seeds harvested at different stages indicated significant to highly significant
difference in germination percentage (Table 4.20). The highest germination percentage
was obtained in the harvested seeds (55.00+8.66 %) which was significantly higher than
all other types of seeds. The lowest germination percentage was obtained in green seeds

(8.33£2.89 %) which was significantly lower than rest of the harvested and fallen seeds.

4.7.3 Speed of germination

The data recorded on speed of germination was observed to have significantly
varied among the seeds harvested at various stages (Table 4.20). The highest speed of
germination was found in harvested seeds (0.30+0.07) which was significantly higher

than the rest of the seeds followed by fallen seeds (0.19+£0.02). The lowest speed of
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germination was found in green seeds (0.08+0.03), which was also significantly lower

than rest of the seeds.

4.7.4 Mean Germination Time

The variation in mean germination time due to the seeds harvested at various
stages was found to be significant as shown in Table 4.20. The maximum mean
germination time was obtained in harvested seeds (46.67+2.31) which was significantly
higher than all other types of seed except fallen seeds (42.00+£4.58) with which it was
found statistically at par, while the significantly lowest mean germination time was

obtained in green seeds (20.67+0.58).

4.7.5 Peak Value

Observations pertaining to peak value of the seeds were varied significantly as
shown in Table 4.20. From the data presented in the Table, it is evident that the peak
value of harvested seeds (0.09+0.04) was significantly higher than the rest of the seeds,
which was followed by fallen (0.05+0.00), whereas the lowest peak value was obtained in

green seeds (0.00+0.00).

4.7.6 Mean Daily Germination

Data presented in Table 4.20 indicated significant variation in mean daily
germination of seeds due to seeds harvested at various stages. The maximum mean daily

germination was obtained in harvested seeds (0.24+0.03) which was significantly higher
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than all other types of seeds. The lowest mean daily germination was also found in green

seeds (0.08+0.03) which was significantly lower than the rest of the seeds.

4.7.7 Germination Index

The difference among the seeds harvested at various stages was found significant
(Table 4.20). Only the harvested seeds had the highest germination index (1.18+0.16),
while, with respect to fallen and green seeds no germination index was recorded

(0.0020.00).
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Table 4.20. Germination parameters of different seeds of Clerodendrum
colebrookianum Walp

Germination  Speed of Mean Peak Mean Daily Germination
(%) Germination Germination Value Germination  Index
Time
Harvested 55.00+8.66 0.30+0.07 46.67+2.31  0.09+0.04 0.24+0.03 1.18+0.16
Fallen 31.67+2.89 0.19+0.02 42.00+4.58  0.05+0.00 0.15+0.02 0.00+0.00
Green 8.33+2.89 0.08+0.03 20.67+0.58  0.00+0.00 0.08+0.03 0.00+0.00
S. Ed(%) 3.33 0.04 2.86 0.03 0.02 0.08
CD 9.25 0.10 7.94 0.09 0.04 0.21

0.05
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Table 4.21 : Percent survival of Clerodendrum colebrookianum Walp

Germplasm Survival percent
50.00+3.00
Durtlang
_ 66.67£2.62
Reiek
50.00£3.00
Luangmual
) 100.00+0.00
Lungdai
100.00£0.00
Serkhan
88.89+4.76
Zonuam
100.00+0.00
Chawlhhmun
_ 55.56+5.32
Tanhril
_ 83.33£2.08
Sakawrtuichhun
) 66.67+4.93
Lengpul
S.Ed (2) 2.76
CD 5.79

0.05
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Fig. 4.9: Per cent survival of seedlings across different locations
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4.8 Nursery parameters

4.8.1 Per cent survival

Data presented in Table 4.21 and Fig. 4.9 indicated that significant variation was
observed among the seeds collected from different locations with respect to per cent
survival. The maximum per cent survival was observed in Lungdai, Serkhan and
Chawlhhmun (100.00+0.00), which was significantly higher than rest of the locations,
while, the lowest per cent survival was obtained in Luangmual and Durtlang

(50.00+£3.00) which was significantly lower than rest of the locations.
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4.9 Seedlings growth

4.9.1 Plant height

The data pertaining to plant height of the seedlings are presented in Table 4.22.
Analysis of variance revealed significant difference in plant height among the germplasm

collected from various locations.

At 30 days after planting the maximum plant height was observed in
Lungdai(9.67+1.80 cm) which was significantly higher than most of the locations. It was
followed by Reiek (8.33+ 1.53 cm). Whereas, the significantly lowest plant height was
obtained in Serkhan (3.77+1.95 cm).

The highest plant height at 60 DAP was recorded in Lungdai (30.37+£3.81 cm),
which was significantly higher than most of the germplasms. It was followed by Reiek
(29.60£5.90cm). The lowest plant height at this stage was found in Serkhan (18.47+1.53
cm).

Luangmual recorded the highest plant at 90 DAP (56.03+5.18 cm), which was
significantly higher than most of the other germplasms. It was followed by
Sakawrtuichhun (53.67+12.19 cm), while, the lowest was obtained in Tanhril
(34.57+8.26 cm).

Among the germplasm, Durtlang (95.83+4.65 cm) showed the highest plant
height after 120 days, which was significantly higher than most of the germplasms. It
was followed by Zonuam (94.00+2.65) and Reiek (93.03£1.72 cm). However, the lowest

plant height was obtained in Tanhril (62.27+£15.77 cm).
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Table 4.22 Average height of the seedlings of Clerodendreum colebrookianum Walp.

Germplasm 30 days 60 days 90 days 120 days 150 days 180 days 210 days 240 days 270 days 300 days 330 days 360days
Durtlang 547+0.93  22.33+252  47.70+2.29 95.83+4.65  153.33+16.01 201.83+11.86  234.67+17.24  243.83+21.27  244.17+24.76 251.83+25.27 277.00+30.79 304.58+41.98
Reiek 8.33+1.53  29.60+5.90 50.33+1.60 93.03+1.72 146.00£2.00 178.67+12.79 197.17£19.41 210.00+22.52 227.67+27.02 255.33+29.02 277.67+34.53 311.61+38.13
Luangmual 7.87+2.10  26.60+4.62 56.03+5.18 89.37+6.92  135.33%3.06 164.33+21.73  170.67+29.54  183.33%32.72  193.50+36.01 210.33+6.43 238.00+47.89 255.00+24.58
Lungdai 9.67+1.80  30.37+3.81 53.47+6.26 89.67+10.21  132.27+21.11 158.00£37.72  170.33+48.95  184.00+52.12  189.00+55.67 204.17+53.58 224.67+65.13 233.97+71.97
Serkhan 3.77+£1.95 18.47+1.53  35.50+13.14 69.17+23.00 116.00+10.58 142.67+6.43 155.33+£16.97 172.00+24.25 180.67+24.01 191.00+24.27 206.00+31.18 220.86+43.46
Zonuam 6.77+3.01  23.87+3.90  51.67+7.23 94.00+2.65  148.33+20.55 183.33+0.58 192.00+9.17 197.67£12.66  200.67+15.95 209.00+14.18 224.33+32.32 242.82+29.60
Chawlhhmun 6.90£1.21  24.70+0.95 50.00+1.00 76.67+14.29  118.33+15.00 147.67+4.16 156.50+15.88 166.83+16.00 171.00+13.11 175.00+6.24 185.67+12.34 206.25+12.69
Tanhril 6.27+£0.87  20.48+2.53 34.57+8.26 62.27£15.77  99.00+41.58 116.13+31.14 119.50+26.36 120.67+1.53 122.00+6.24 135.83+31.21 158.33+33.50 174.87+32.55
Sakawrtuichhun ~ 6.83+0.15  27.45+4.68  53.67+12.19  71.67+14.05 118.67+24.13 120.00+7.00 128.17+3.25 137.13432.20  143.00+35.17 157.00+40.51 178.60+5.97 197.10+20.60
Lengpui 7.33£0.25  24.23+1.20 47.93+7.24 67.93£10.17 116.67+£12.01 164.27+8.60 189.83+1.61 209.27+4.41 216.33+7.02 219.77+10.87 250.33+10.50 279.63+14.29
S.Ed (#) 1.36 2.92 5.02 9.14 14.82 15.17 16.80 18.19 19.82 23.04 24.39 27.64
CD 2.85 6.14 10.54 19.21 31.14 31.88 35.30 38.22 41.64 48.40 51.24 58.06

0.05
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Fig. 4.10: Height of the seedlings across different locations after 1 year of

growth
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At 150 days after planting, the significantly highest plant height was obtained in
Durtlang (153.33£16.01 cm). It was followed by Zonuam(148.33£20.55 cm), while, the
lowest was found in Tanhril (99.00£41.58) which was significantly lower than most of
the germplasm.

The significantly highest height after 180 days was obtained in Durtlang
(201.83+11.86 cm), followed by Zonuam (183.33+£0.58 cm), Reiek (178.67£12.79 cm)
and Luangmual (164.33+21.73 cm) respectively. However, the lowest was observed in
Tanhril (116.13+31.14 cm) which was significantly lower than other germplasm except
Sakawrtuichhun (120.00£7.00 cm) and Serkhan (142.67+6.43 cm), with which was
found found statistically at par.

At 210 days after planting, the maximum height was obtained in Durtlang
(234.67x17.24 cm) which was significantly higher than rest of the germplasm. The
significantly lowest plant height was obtained in Tanhril (119.50+£26.36 cm).

The maximum height at 240 days after planting was obtained in Durtlang
(243.83+21.27 cm) which was significantly higher than other germplasms except Reiek
(210.00+22.52 cm). The lowest height was obtained in Tanhril (120.67+1.53 cm) which
was significantly lower than most of the germplasm.

After 270 days, the highest plant height was also observed in Durtlang
(244.17£24.76 cm) followed by Reiek (227.67+27.02 cm), while, the lowest was
observed in Tanhril (122.00+6.24 cm).

The maximum plant height after 300 days was found in Reiek (255.33+£29.02 cm)

which was significantly high and found statistically at par with Durtlang (251.83+£25.27
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cm). However, the lowest was obtained in Tanhril (135.83£31.21 cm) which was
significantly lower than most of the germplasm.

Among the germplasm, the maximum height after 330 days was obtained in Reiek
(277.67+34.53 cm) followed by Durtlang (277.00+£30.79 cm). The lowest height was
obtained in Tanhril (158.33£33.50 cm), which was significantly lower than most of the
germplasms.

At 360 days after planting, the maximum plant height (Fig. 4.7) was obtained in
Reiek (311.61+£38.13 cm) which was significantly higher than rest of the germplasms
except Durtlang (304.58+41.98 cm), whereas, the significantly lowest plant height was

obtained in Tanhril (174.87£32.55 cm).

4.9.2 Collar diameter

Data presented in Table 4.23 reveals that there was a significant difference in

collar diameter among the different germplasms.

The highest collar diameter at 30 days after planting was obtained in Reiek
(3.43£0.21 mm) followed by Sakawrtuichhun (3.17£0.15 mm), Luangmual (3.03£0.15
mm) and Lungdai (3.03£0.06 mm), whereas, the lowest was obtained in Serkhan
(1.93£0.15 mm) which was significantly lower than all other germplasm.

The germplasm from Sakawrtuichhun (7.43+£0.95 mm) recorded the highest in
collar diameter at 60 days after planting which was significantly higher than rest of the

germplasm except Chawlhhmun (6.68+0.32 mm), Luangmual (6.67+£0.21 mm) and
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Zonuam (6.57£1.09 mm). The significantly lowest collar diameter at this stage was
found in Serkhan (4.93+£0.85 mm).

The highest collar diameter at 90 days after planting was observed in
Sakawrtuichhun (12.33x1.92 mm), which was significantly higher than other
germplasms but statistically at par with Zonuam (11.33+1.53 mm), Luangmual
(11.13£0.81 mm), Durtlang (11.00 +1.00 mm) and Tanhril (10.67 = 0.35 mm),
respectively, while, the lowest was obtained in Serkhan (8.27 £ 1.27 mm).

Among the germplasm, Zonuam (13.67+1.53 mm) showed the highest collar
diameter after 120 days, which was significantly higher than rest of the germplasms. It
was followed by Reiek (13.20£0.72 mm), Durtlang (13.13£1.03 mm), Luangmual
(12.83+0.29 mm) and Sakawrtuichhun (12.17+2.57 mm). However, the lowest collar
diameter was obtained in Lengpuii (10.13+1.03 mm) which was significantly lower than
most of the germplasms.

At 150 days after planting, the maximum collar diameter was obtained in
Durtlang (19.47+0.50 mm) which was significantly higher than rest of the germplasm
except Reiek (17.97£0.55 mm), but there was no statistical differene between these two.
The significantly lowest collar diameter was found in Tanhril (14.10+0.44 mm) which
was significantly lower than most of the germplasms.

The highest collar diameter after 180 days was obtained in Reiek (25.47+£1.29
mm) followed by Durtlang (25.13£1.03 mm) and Luangmual (23.83£0.76 mm).

However, the significantly lowest was observed in Tanhril (16.77+4.21 mm)
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Table 4.23: Average collar diameter of the seedlings of Clerodendrum colebrookianum Walp.

Germplasm 30 days 60 days 90 days 120 days 150 days 180 days 210 days 240 days 270 days 300 days 330 days 360days
Durtlang 2.57+0.51 5.50+0.44 11.00+1.00 13.13+1.03 19.47+0.50 25.13+1.03 28.37+£1.48 34.47+1.29 37.43+2.42 39.40+0.87 40.03+0.81 46.33+2.52
Reiek 3.43+0.21  6.00£0.50 9.23+0.75 13.20+0.72 17.97+0.55 25.47+1.29 28.70+0.52 34.00+0.80 38.23+1.00 41.17+1.35 44.03+2.79 46.33+3.21
Luangmual 3.03£0.15  6.67+0.21 11.13+0.81 12.83+0.29 16.23+0.68 23.83+0.76 27.53+1.50 29.70+0.96 32.93+2.73 35.53+1.42 38.03+2.51 41.43+2.71
Lungdai 3.03+£0.06 6.13+0.48 8.33+0.58 11.03+1.00 15.00+0.90 18.67+1.24 19.00£1.73 22.67+£1.53 22.77+1.20 25.53+£1.22 26.63+3.37 37.30£3.42
Serkhan 1.93+0.15 4.93+0.85 8.27+1.27 10.33+£0.58 15.33+£1.53 18.33+0.58 20.97+2.15 25.73+2.19 27.00+2.65 27.70+3.68 29.37+1.17 36.51+3.59
Zonuam 2.77+0.50  6.57+1.09 11.33+1.53 13.67+1.53 17.00+1.73 21.33+0.58 22.30+1.23 26.67+1.53 29.00+2.00 29.90+3.35 31.57+0.60 35.67+3.21
Chawlhhmun 3.00+0.17  6.68+0.32 10.33+0.58 11.67+0.58 15.33+1.15 19.00+0.10 21.20+1.56 23.67+2.89 25.60+1.39 26.53+2.31 28.13+1.62 35.53+4.65
Tanbhril 2.80+0.26 6.26+0.72 10.67+0.35 10.43+£1.40 14.10+0.44 16.77£4.21 19.80+0.82 20.03+1.79 23.80+1.97 24.43+0.85 26.23+2.87 29.67+2.08
Sakawrtuichhun 3.17£0.15 7.43+0.95 12.33+£1.92 12.17+2.57 17.40+1.30 17.00+1.91 20.00+1.00 23.33+2.66 25.10+2.01 25.77+3.68 27.20+3.30 35.67+4.16
Lengpui 2.90+0.10  6.52+0.10 9.20+0.72 10.13+1.03 15.10+1.01 20.17+1.04 24.07+1.01 28.77+0.40 34.80+1.91 35.90+1.49 39.73+0.55 40.73+2.00
S. Ed (¢) 0.22 0.54 0.82 0.93 0.87 1.39 1.04 1.49 1.59 1.88 1.89 2.73

CD 0.45 1.13 1.72 1.95 1.82 2.92 2.19 3.13 3.35 3.96 3.96 5.73

0.05
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At 210 days after planting, the highest collar diameter was obtained in Reiek
(28.70£0.52 mm) which was significantly higher than rest of the germplasms except
Durtlang (28.37+£1.48 mm) and Luangmual (27.53+1.50 mm), whereas, the lowest was
obtained in Lungdai (19.00£1.73 mm).

The maximum collar diameter at 240 days after planting, was found Durtlang
(34.47+1.29 mm). Reiek (34.00+£0.80 mm) followed it. The lowest collar diameter was
obtained in Tanhril (20.03£1.79 mm) which was significantly lower than all other
germplasms except Lungdai (22.67£1.53 mm).

After 270 days, the highest collar diameter was also observed in Reiek
(38.23+x1.00 mm) which was significantly higher than rest of the germplasm, except
Durtlang (37.43£2.42 mm) with which it was found statistically at par. The significantly
lowest collar diameter was observed in Lungdai (22.67+£1.20 mm).

The maximum collar diameter after 300 days was found in Reiek (41.17+1.35
mm) which was significantly higher than rest of the germplasm, except Durtlang
(39.40+0.87 mm) with which it was found statistically at par. However, the lowest was
obtained in Tanhril (24.43+0.85 mm).

Similarly, among the germplasm, the maximum collar diameter after 330 days
was obtained in Reiek (44.03+2.79 mm) which was significantly higher than all other
germplasms. The lowest collar diameter was obtained in Tanhril (26.23+2.87 mm.

At 360 days after planting, the maximum collar diameter was obtained in Reiek
(46.33£3.21 mm), which was significantly higher than rest of the germplasm. It was
followed by Durtlang (46.33£2.52 mm), whereas, the lowest was obtained in Tanhril

(29.67+2.08 mm).
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Table 4.24: Number of leaves/plant of the seedlings of Clerodendrum colebrookianum Walp. collected from various locations

Germplasm 30 days 60 days 90 days 120 days 150 days 180 days 210 days 240 days 270 days 300 days 330 days 360days
Durtlang 7.67+0.58  11.33%+1.15 19.33+3.06 24.67+3.06 54.00+5.20 76.33+8.50 81.67+6.66 90.37+0.32 93.67+6.35 96.0+1.00 104.33+0.58 111.67+2.89
Reiek 7.33x1.15 14.00+2.00 17.67£1.53 24.00£2.00 62.00£2.00 108.00+5.29 112.00+3.46 114.00£5.29 124.67+4.51 128.33£3.51 142.33+2.52 153.00£3.61
Luangmual 7.33x1.15 13.33x1.15 23.67+£3.51 26.67+2.08 37.33+4.16 54.67+7.02 56.67+4.04 74.33+4.93 75.43+4.56 82.67£1.53 85.67+4.51 88.67+3.51
Lungdai 8.00£0.00 13.33%+1.15 17.67+£3.21 22.67+1.15 43.33+3.06 50.00+2.00 54.33%£5.13 59.00+3.61 67.00+2.00 74.67£2.52 86.33+2.52 91.67+2.52
Serkhan 6.67+2.31 10.67+1.15 15.33+3.06 21.33%2.31 50.00+4.58 54.00+8.54 60.67+2.52 68.33+£3.51 74.67%3.06 85.67+1.53 91.00+6.24 99.67+3.79
Zonuam 7.33+1.15 13.33+2.31 20.67+3.79 22.67+1.15 42.00+5.29 50.67+4.16 54.00+3.61 65.11£3.47 74.33£2.52 86.00+1.00 93.63%1.70 99.33+1.53
Chawlhhmun 7.33x1.15 13.33x2.31 24.00+3.46 26.00+3.46 46.67+4.62 55.33+8.08 56.00+3.46 62.67+4.16 73.67£2.52 84.67+2.52 97.67+2.52 100.33+£3.21
Tanhril 7.33x1.15 12.67+1.15 27.67+2.08 40.67+3.06 52.67+5.03 54.67+3.06 55.33+4.62 66.90+1.80 72.00+1.00 84.67+2.52 91.00+3.46 106.00£2.65
Sakawrtuichhun ~ 8.00£0.00  14.00+0.00  28.67+2.89 32.00+1.73 58.67+3.06 62.67+5.03 64.33+5.03 68.35+4.04 75.22+1.34 80.67+1.53 91.11+0.84 97.33+2.08
Lengpui 7.33x1.15 12.67+1.15 17.33+£3.06 24.00+2.00 45.33+4.16 63.67+1.15 64.33£3.21 66.17+1.04 68.67+6.51 74.67+2.52 86.33+3.51 94.33+£3.51
S. Ed (¥) - 1.18 2.54 1.86 3.52 5.05 3.24 3.05 3.36 1.36 2.65 2.57
CD NS 2.49 5.34 3.91 7.40 10.62 6.80 6.41 7.06 2.86 5.56 541

0.05
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4.9.3 Number of leaves/plant

The data pertaining to number of leaves/plants are presented in Table 4.24.
Analysis of variance revealed significant difference in number of leaves among different

seedlings.

At 30 day after planting, there was no significant differences among the
germplasms with respect to number of leaves. However, Lungdai and Sakawrtuichhun
(8.00+0.00) and Serkhan (6.67£2.31) recorded the highest and lowest number of leaves
respectively.

Among the germplasm, Reiek (14.00£2.00) and Sakawrtuichhun (14.00+0.00)
showed the significantly highest number of leaves/plant at 60 days after planting,. The
lowest number of leaves/plant at this stage was found in Serkhan (10.67+1.15) which
was significantly lower than most of the germplasms

The highest number of leaves/plant at 90 days after planting was observed in
Tanhril (27.67£2.08), which was significantly higher than other germplasm. while, the
lowest was obtained in Serkhan (15.33+3.06 ).

Among the germplasms, Tanhril (40.67+3.06) showed the highest number of
leaves/plant after 120 days, which was significantly higher than rest of the germplasms.
However, the lowest number of leaves/plant was obtained in Serkhan (21.33+2.31)
which was significantly lower than most of the germplasms.

At 150 days after planting, the highest number of leaves/plant was obtained in

Reiek (62.00+2.00) which was significantly higher than rest of the germplasm. But, the
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lowest number of leaves/plant was found in Luangmual (37.33%£4.16) which was
significantly lower than most of the germplasms except Zonuan (42.00+5.29) and
Lungdai (43.33+3.06).

The highest number of leaves/plant after 180 days was obtained in Reiek
(108.00+5.29) which was significantly higher than rest of the germplasms. It was
followed by Durtlang (76.33+8.50). However, the significantly lowest number of
leaves/plant was observed in Lungdai (50.00+2.00).

At 210 days after planting, the highest number of leaves/plant was obtained in
Reiek (112.00+£3.46) which was significantly higher than rest of the germplasm,
whereas, the significantly lowest number of leaves/plant was obtained in Zonuam
(54.00+3.61).

Reiek recorded the highest number of leaves/plant (114.00+5.29) at 240 days after
planting, which was significantly higher than other germplasms. It was followed by
Durtlang (90.37+0.32). The significantly lowest number of leaves/plant was obtained in
Lungdai (59.00+3.61).

The highest number of leaves/plant at 270 days was also observed in Reiek
(124.67+4.51) which was significantly higher than rest of the germplasm, while,
Lungdai (67.00+2.00) recorded the significantly lowest number of leaves.

The highest number of leaves/plant after 300 days was found in Reiek
(128.33+£3.51) which was significantly higher than all other germplasms, but, found
statistically at par with Zonuam(86.00+£1.00) and Serkhan (85.67+1.53) lowest was

obtained in Lungdai and Lengpui (74. 67+£2.52).
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Among the germplasm, Reiek recorded the highest number of leaves/plant at 330
days after planting (142.33+2.52) which was significantly higher than rest of the
germplasms. The lowest number of leaves/ plant at this stage was obtained in
Luangmual (85.67+4.51), which was significantly lower than most of the germplasms.

At 360 days after planting, the highest number of leaves/plant was obtained in
Reiek (153.00£3.61) which was significantly higher than rest of the germplasm,
whereas, the significantly lowest number of leaves/plant was obtained in Luangmual

(88.67+3.51).

4.9.4. Morphological characteristics of the seedlings

Table 4.25 revealed that there was significant variation among the species with
respect to biomass production, root length (cm), Root/shoot length ratio, Root fresh
weight ratio (g) Shoot fresh weight (g), Leaf fresh weight (g), root dry weight, shoot dry

weight and Root shoot dry weight ratio.

4.9.4.1 Biomass Production (g)

Among the germplasms, the maximum biomass production was recorded in Reiek
(8074.01+£419.04 g) which was significantly higher than rest of the germplasms except
Lengpui (8042.77+778.68 g), Durtlang (8014.09+11.36 g) and Tanhril (7429.32+861.66
g) with which it was found statistically at par. Among all the germplasms, the lowest
biomas production was recorded in Chawlhhmun (6301.93£113.67 g) which was
significantly lower than rest of the germplasms except Zonuam (6311.19+50.68 g) and

Lungdai (6412.05+£254.76 g) with which it was found statistically at par.
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4.9.4.2 Root Length (cm)

Observations pertaining to root length of the seedlings were found to be varied
significantly as shown in Table 4.25. Among all the germplasms, the maximum root
length was obtained in Reiek (89.47+5.25 cm) which was significantly higher than other
germplasms except Chawlhhmun (79.24+8.06 cm) and Serkhan (79.15+6.13 cm). The
lowest root length was found in Durtlang (65.57+£6.10 cm) which was significantly lower

than most of the germplasms.

4.9.4.3 Root /Shoot length ratio

The data on root /shoot length ratio of the plants are furnished in Table 4.25.
Comparison of data on this parameter revealed that the root /shoot length ratio of the
plants varied significantly with different germplasms. The highest root/shoot length ratio
was recorded in Reiek (0.39+0.04) which was significantly higher than rest of the
germplasms. It was followed by Chawlhhmun (0.32+0.02). Among all the germplasms,

the lowest root /shoot length ratio was recorded in Durtlang (0.26+0.03).

4.9.4.4 Root fresh weight ()

The difference among the different germplasms in root fresh weight was also
found significant (Table 4.25). The maximum root fresh weight was obtained in Reiek
(2686.67+£132.88 g) which was significantly higher than most of the germplasms. It was
followed by Lungdai (2678.33£112.76 g). The lowest root fresh weight was recorded in

Tanhril (2285.00+£90.97 g) which was significantly lower than other germplasms.
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Table 4.25: Morphological characteristics of the seedlings of Clerodendrum colebrookianum Walp. collected from various

Germplasm Biomass Root length  Root/Shoot Root fresh  Shoot fresh  Leaf Fresh Root dry wt Shoot dry wt Root/Shoot

Production ( g) (cm) length ratio Weight (g) weight (g) weight (g) (9) (9) dry weight

ratio
Durtlang 8014.09+11.36 65.57+6.10 0.26+0.03 2496.67+138.68  2861.76+61.63  2465.67+81.98 2090.07+62.75  2009.56+73.72 1.04+0.02
Reiek 8074.01+419.04 89.47+5.25 0.39+0.04 2686.67+132.88  3080.68+27.76 2496.67+80.31 2220.01+43.60 2228.48+83.42 1.00+0.03
Luangmual 7224.54+276.60 71.63+8.92 0.26+0.05 2568.33+161.97  2700.87+70.83 1955.33+38.03 2361.67+40.92 1848.67+89.15 1.28+0.08
Lungdai 6412.05+254.76 76.30+8.98 0.27+0.03 2678.33+112.76 1192.71+91.63 2541.00+80.17 2535.02+47.68 473.85+80.70 5.44+0.76
Serkhan 7299.72+357.56 79.15+6.13 0.30+0.03 2633.33£118.28  2023.72+112.49  2642.67+93.84  2526.67+28.10 1278.88+99.98 1.98+0.16
Zonuam 6311.19+50.68 71.98+4.88 0.30+0.02 2530.00+162.25 1495.53+113.82  2285.67+68.06 2260.67+83.51 776.36+79.51 2.93+£0.22
Chawlhhmun 6301.93+113.67 79.24+8.06 0.32+0.02 2436.67£179.26  1013.27+59.46  2852.00+54.62 2086.67+80.83 790.00+62.89 2.65+0.15
Tanhril 7429.32+861.66 69.34+6.67 0.28+0.02 2285.00+90.97 2558.65+103.88  2585.67+47.17 2018.33+38.19 1706.45+31.77 1.18+0.04
Sakawrtuichhun 7156.39+621.37 71.65+7.50 0.30+0.05 2405.00£104.31  2394.05+132.35  2357.33+24.21 2185.03+30.96 1541.85+19.86 1.42+0.03
Lengpui 8042.77+778.68 66.75+4.56 0.31+0.02 2323.33+168.55 3201.11+129.86  2518.33+82.51 1740.01+65.01 2348.91+41.39 0.74+0.02
S. Ed (¥) 396.23 5.14 0.02 117.61 68.23 55.54 46.46 60.00 0.22
CD, 832.49 10.81 0.05 247.11 143.36 116.69 97.60 126.07 047
locations
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4.9.4.5 Shoot fresh weight (g)

A significant influence of the germplasms on shoot fresh weight of the plants
was observed (Table 4.25). The germplasm obtained from Lengpui showed the
highest shoot fresh weight (3201.11+£129.86 g) which was significantly higher among
all other germplasms except Reiek (3080.68+27.76 g) with which it was found
statistically at par. The lowest shoot fresh weight was obtained in Chawlhhmun

(1013.27+59.46 g) which was found significantly lower than all other germplasms.

4.9.4.6 Leaf fresh weight

The estimates for leaf fresh weight are presented in Table 4.25. The data
presented in the Table revealed that maximum leaf fresh weight was obtained in
Chawlhhmun (2852.00+£54.62 g) which was significantly higher than all other
germplasms, whereas, the significantly lowest leaf fresh weight was obtained in

Luangmual (1955.33+38.03 Q).

4.9.4.7 Root dry weight

The data presented in Table 4.25 reveals that there was significant difference
in root dry weight among the different germplasms. Among all the germplasms, the
maximum root dry weight was observed in Lungdai (2535.02+47.68 g) which was
statistically at par with Serkhan (2526.67+£28.10 g). While, the lowest root dry weight
was observed in Lengpui (1740.01+65.01 g) which was significantly lower than the

rest of the germplams.

158 |Page



4.9.4.8 Shoot dry weight

It is evident from the data presented in Table 4.25 that the shoot dry weight of
the plants was influenced by different germplasms. Among all the germplasms, the
highest shoot dry weight was obtained in Lengpuii (2348.91+41.39 g) which was
significantly higher than all other germplasms except Reiek (2228.48+83.42 g). The
lowest shoot dry weight was recorded in Lungdai (473.85+80.70 g) which was

significantly lower than all other germplasms.

4.9.4.9 Root/shoot dry weight ratio

A highly significant difference in root shoot dry weight ratio was observed
among the germplasms (Table 4.25). Lungdai recorded the maximum root shoot dry
weight ratio (5.44+0.76) which was significantly higher than other germplasms.
While, the lowest was obtained in Lengpui (0.74+0.02) which was significantly lower
than all other germplasms except Reiek (1.00+£0.03), Durtlang (1.04+0.02) and

Tanhril (1.18+0.04).
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Discussion

5.1 Phytosociology

The description and classification of the plant community in an ecosystem is
known as phytosociology (Odum, 1971). Phytosociological analysis of a plant
community is the first and foremost basis of the ecological study of any piece of
vegetation and this study is important to understand the functioning of any
community. The number of species reflects the gene pool and adaptation potential of
the community (Odum, 1963). Quantitative analysis of vegetation helps in
understanding the structure, composition and tropic organization of any community.
Species composition and diversity vary from habitat to habitat within the communities
exposing identical physiognomic characteristics (Nautiyal et al., 1999). Likewise, the
life forms of species represent the adjustment of perennating organs and plant life
history to environmental conditions (Nautiyal et al., 2001). It is an important
characteristic in describing vegetation that offers a preliminary picture of the

ecological character of the vegetation (Kershaw, 1973).

There was variation in percentage frequency in the range of 40 — 80 per cent
among the different locations. The maximum frequency (80%) was obtained in
Luangmual, which was followed by Durtlang and Chawlhhmun (70%) respectively
whereas, the lowest was obtained in the germplasm of Lengpui (40%). For a
particular species, higher frequency indicates its more frequent distribution at sites

due to optimum soil and environmental conditions. Our study is in the line of the
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findings of the Nautiyal et al. (2002) where they also obtained variation in per cent

frequency among a number of individuals.

Similarly, among the different germplasms in our study, the highest abundance
was obtained in Sakawrtuichhun (15.40), and the lowest was obtained in Lungdai
(7.5). Similarly, the maximum density of Clerodendrum colebrookianum Walp. was
obtained in the location Sakawrtuichhun (308.00 plants/ha) and the lowest was
obtained in Serkhan village (152.00 plants/ha). Nautiyal et al. (2003b) also obtained

variation in density among a number of individuals of alpine medicinal herbs.

There was variation with respect to average basal cover and Total Basal Cover
(TBC) among the studied populations of C. colebrookianum. Among all the locations,
the highest was reported in Luangmual (200.36 cm’m™), while, the lowest was in
Zonuam (47.88 cm’m). Nautiyal et al. (2002) and Nautiyal et al. (2003) also
observed variation in TBC among a number of individuals in six alpine regions in

Garhwal Himalaya.

The relative frequency, density and relative dominance of the germplasms
varied among the different locations. Among the studied locations, the highest relative
frequency was obtained in Luangmual (13.33%), while, the lowest was observed in
Lengpui (6.66). Similarly, the maximum relative density was found in
Sakawrtuichhun (13.48) and the lowest was in Serkhan (6.65). The highest relative
dominance was obtained in Luangmual (20.44), and the lowest was observed in

Zonuam (4.88).
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Analysis of IV provides information about the social status of a species and
can be recognized as patterns of association of dominant species in a community
(Parthasarathy and Karthikeyan 1997). Analysis of IVI in a management practices
represented different combinations of species with different dominants and co-
dominants. These includes Achyranthes aspera L. Acmella oleraceae/Spilanthus
acmella, Adhatoda vesica Mill, Adenostemma lavenia, Ageratum conizoids,
Artemisia vulgaris, Bidens pilosa, Blumea lanceolaria, Cajanus cajans, Centela
asiatica, Colocasia spp , Cuscuta reflexa Roxb, Eupatorium odoratum, Imperata
cylindrical, Manihot esculenta, Mikania micrantha, Mimosa pudica L., Oroxylum
indicum, Pteridium acquilinum, Solanum indicum L., Solanum torvum,
Thysanolaina maxima, Trevesia palmate. Supporting the findings of Mandal and
Joshi (2014), the present findings in the current study suggest that vegetation
experiencing stresses from biotic pressure are under serious threat. However, some
of the species have managed to survive. This could be attributable to their broad

ecological amplitude and greater adaptability against biotic influences.

Considering that the VI provides an excellent marker for determining the
status of distribution and availability across varying environmental and biotic
conditions (Negi et al. 1992), value of IVI of C. colebrookianum were compared.
Values varied from one population to other. The Importance Value Index (IVVI) among
the different geographical locations varied from 21.06 - 46.21. Among the studied
locations, the highest 1Vl was observed in Luangmual (46.21), while, the lowest was
observed in Lengpui (21.06). This difference can be attributed to varying species
number, topography, biotic and abiotic interferences in community (Nautiyal 1996).

The higher value of IVI indicates that all the available resources are being utilised by
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that species and left over are being trapped by another species as the competitors and
associates. Lower importance value of species is an index of low grazing pressure by
herbivores on the study sites, as vegetation is a reflex of interactions between the
plants, animals, soils and climate. Moreover, each species of a community plays
specific role and there is a definite quantitative relationship between abundant and
rare species (Bhandari et al., 1999). The high IV of a species indicated its dominance
and ecological success, its good power of regeneration and greater ecological

amplitude.

Abundance and frequency (A/F) ratio reveals that regular distribution of the
species was totally absent and most of the species were contagiously distributed in all
sites during all seasons. The highest A/F ratio was observed in Lengpui (0.31), while,
the lowest was in Luangmual (0.11). Among all the locations, the distribution pattern
of the species was found contagious. According to Odum (1971), contiguous
distribution is the most common pattern in nature and is formed as a result of small
but significant variations in the ambient environmental conditions. The current study
also suggests that clumped distribution often occurs due to an uneven distribution of
nutrients or other resources in the environment. Variations in the distribution pattern
among sites and vegetation composition are associated with micro environmental and
biotic factors (Singhal and Soni 1989). Patterns of distribution depend both on the
physicochemical nature of the environment and the biological peculiarities of the
organisms (Odum, 1971). The dominance of contagious distribution may also be due
to the fact that the majority of herb species reproduce vegetatively in addition to their
sexuality. However, observations indicated that contagious distribution in vegetation

was due to multitude of factors and the vegetative reproduction may not be the only
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reason (Kershaw, 1973; Saxena and Singh, 1982). The contagious distribution pattern
was also reported by a number of ecosystems (Joshi and Tiwari, 1990; Bhandari et

al.,1995; Pande et al., 1996; Bhandari et al., 1997; Kunhikannan et al., 1998).
5.2 Threatened categories
5.2.1 Threat identified

The following threats have been identified with respect to this highly medicinal

species:

e No wild, few plants cultivated: There was no plant found in the wild state in the
forests of Mizoram. Mostly the plants are found in the semi wild state as well as

cultivated state.

e Kitchen garden crop: The plant is commonly grown as kitchen garden crop in the

homested gardens and jhum land.

e Habitat destruction: Since last few years there was destruction of the habit of

Clerodendrum colebrookianum Walp. in the natural populations.

e Low seed viability and germination: The seeds of Clerodendrum colebrookianum
Walp. lost the viability very soon. If they are not sown within a specified time, they

fail to germinate. The percentage of germination is also very poor.

e Slow growth rate: The initial growth rate of Clerodendrum colebrookianum Walp.

IS very slow.

e Over exploitation: The rural people harvest the leaves, seeds as well as stems to

sell in the market without any measures for its conservation.
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5.2.2 Threat status

According to the Red List Categories of IUCN (1993), extents of occurrence
and population estimation are the major criteria used to assign threat categories
besides population reduction and probability of extinction. On the basis of the extent
of occurrence status of C. colebrookianum,, as per the IUCN, (1993) red list
categories, it is critically endangered to endangered species on the basis of no of
mature individuals, since in the present study the number of matured individual was
observed between 152-308. In addition, on the basis of area of occurrence and
occupancy the species have been identified as endangered to vulnerable.
Consequently, quantitative data on population of these species would be helpful in the
determination of their status by examining occurrence, population density of species,
total basal area and their dominance (IV1) in these communities. These observations
would also be helpful in determining the status of other species and can be applied for
conservation strategies. In addition, immediate measures and policies are needed to
initiate for conservation of this valuable medicinal plant and to prevent them from

further extinction in Mizoram, north-east India.
5.3 Germplasm Variability
5.3.1 Morphological features

The north-east region harbors several medicinal plants and more importantly,
they synthesize secondary metabolites of medicinal importance and therefore, offer
greater possibilities of having novel bimolecules and even larger quantity of active
components . In different climatic and ecological conditions, medicinal plants possess

special morphological, physiological and adaptational features. These plants adopt
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several adaptive strategies to cope with different soil and climatic conditions and it is
considered that flowering (Kuniyal et al., 2003) and fruit characteristics are associated
with different environmental conditions and genotype of a species (Singh et al.,
1999). Furthermore, seed production of a species may indicate a compromise between
ecological and physiological parameters (Siemens and Johnson, 1995; Kuniyal et al.,
2003). As a result, variation in morphology, physiological and biochemical characters
appear in the plants from different locations. Variations among the populations of a
number of species have been reported (Kuniyal et al., 2003; Nautiyal et al., 2003;
Vashistha et al., 2006) and therefore, efforts are desirable to explore these variations
at morphological, and biochemical level to explore the level of genetic diversity and
more importantly, to evaluate these natural populations for the selection of superior
and elite germplasm for domestication and cultivation particularly of important

medicinal herbs including Clerodendrum colebrookianum.

In the present investigation, significant variation was observed among the
different populations with respect to morphological parameters, viz. plant height,
collar diameter, number of leaves, root length, fresh weight of leaves, fresh weight of
shoot, fresh weight of leaves, dry weight of root, dry weight of shoot, root/shoot dry
weight ratio, and biomass production. In general, the variation in morphological
characters among a number of accessions collected from different locations might be
due to variation in genetic make-up of the plants. In the present investigation, the
maximum morphological characters with respect to the plants of Sakawrtuichhun
might be due to better microhabitats present in that particular location. Purohit et al.
(1999) reported considerable variation in leaf morphology in different populations

of Podophyllum hexandrum in Garhwal Himalaya. Variations in the length and width
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of leaves in the plants are supposed to be sensitive to the varying environmental
conditions (Lynn and Waldren, 2001). In addition, available soil nutrient level also
plays important role in determining morphological variations in plants (Pigliucci et
al., 1997; Kuniyal et al., 2002), climatic factors (Krishnan et al., 2000) and can be
considered as indicator to alter assimilate investment pattern (Korner et al., 1989).
Our study is in close conformity with the findings of Purohit et al. (2008) where they
also obtained morphological variation among the natural populations of Picrorhiza

kurrooa.
5.3.2 Flowering and fruiting characteristics

Phenology is the art of observing life cycle or activities of plants in their
temporal occurance throughout the growing season. Phenological and
phenomonological variations of the plants are the product of interactions between
genotype and environment. However, these modifications in plants may be reversible

when plants grown under diverse agro-climatic conditions (Bhatt and Purohit, 1984).

Flowering and fruiting are most critical stages of life of a plant species.
Among important parameters, study of phonological behaviour of any wild plant
species, which is being targeted for cultivation, is a pre-requisite exercise. It is helpful
in developing and standardizing agro-techniques of targeted species. Knowledge of
reproductive biology is essential for the conservation, management, and recovery of
threatened species (Kuniyal et al., 2003; Murugan et al., 2006) and to improve desired
traits or to develop new varieties. A clear understanding of phenological behavior on
time of anthesis, time and duration of stigma receptivity, fertilization, mode of

pollination, seed development is necessary for breeding programmes to obtain better
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traits (Rout et al., 2009). Assessment of phonological behavior of any wild plant
species that is being targeted for cultivation is a pre-requisite step. It provides
information about morphological and functional attributes that are useful to
understand adaptation features (Nautiyal and Purohit, 2000) and determines the
growth and developmental pattern of a plant. Phenological observations have been
made for developing management and conservation of plants for valuable plant

species (Sanz-Cortes et al., 2002; Hamann, 2004).

In the present study, the C. colebrookianum plants grown in different locations
showed marked variation with respect to commencement and completion of different
phenophases. Among the different locations, the maximum days required from bud
initiation to bud differentiation was recorded in Zonuam (12.00£1.00) and minimum
was recorded in Reiek (9.67+0.58). The germplasm at Durtlang required maximum
days (43.00£1.00) from initiation of bud to flowering, whereas, the germplasm in
Reiek required the lowest days (39.33+0.58) for flowering. Significant differences
were observed among the different locations with respect to the number of
flowers/inflorescence. The maximum number of flowers/inflorescence was observed
in Lengpui (116.67+5.51) and the minimum number of flowers/inflorescence was
observed in Tanhril (96.33+7.57). Among all the locations, the maximum length of
inflorescence was observed in Reiek (24.10+1.82 cm) whereas, the lowest was in
Lungdai (15.03+1.05 cm). Similarly, the highest fruit setting percentage was observed
in Sakawrtuichhun (98.90+3.10 %), whereas, the lowest was in Chawlhhmun
(87.03+3.23%). The highest number of fruits/inflorescence was found in Reiek
(42.67+4.73) while, the lowest was in Tanhril (18.33+6.11). Among all the locations,

Serkhan (49.67+0.58) required the maximum days for fruit maturation, while Reiek

168 |Page



recorded the minimum days (45.67+1.53) from setting of fruits to maturation. Among
the different locations, the highest fruit retention percentage was observed in Reiek

(45.67£1.53) and the lowest was in Tanhril (28.67£3.51).

Phenological behavior of plant species provides information about
morphological and functional attributes, which are useful to understand adaptation
features (Nautiyal et al., 2001). In the present investigation, wide variation have been
observed with respect to different phonological attributes viz. days required from bud
initiation to bud differentiation, days from initiation of bud to flowering, number of
flowers/inflorescence, length of inflorescence, fruit setting percentage, number of
fruits/inflorescence, days for fruit maturation, fruit retention percentage. Such
variation attributed due to genetic effect of the tree and varied environmental
conditions (temperature, humidity, rainfall, light, etc.) among the different locations.
Along altitudinal difference, the temperature is a major factor which is the main
determinant of phenological plant development (Worral, 1993). Phenological and
phenomenological variations of the plants are the product of interaction between
genotype and environment. However, these modifications in plants may be reversible
when plants are grown under diverse climatic conditions (Bhatt and Purohit, 1984).
Similar variation in flowering and fruiting behaviour was also reported in different
crops by different researchers (Natarajan and Srimathi, 2008, Bentos et al., 2008,
Piechowski and Gottsberger, 2009, Adjaloo et al., 2012 and Kukade and Tidke,

2013).
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5.3.3 Variability, Heritability and Genetic advance as percent of mean

Significant variations were observed among different accessions regarding
various plant morphological characters. Variability was estimated in terms of
coefficients of variability in relation to phenotype, genotype and environment.
Genetic parameters were worked out with regard to estimates of heritability (broad
sense), genetic advance and genetic gain. The genetic parameters are useful tools for
predicting amount of gains to be expected from an improvement programme. The
variation among the sources is commonly used as an estimate of total genetic
variation and to calculate the degree of genetic control for a particular trait. Genetic
variability such as heritability and genetic gain for particular properties are important
tools for predicting genetic gains (Foster and Shaw, 1988). High magnitude of
variability in a population provides opportunities for selection of promising
individuals to evolve a variety with desirable characters. Burton (1952) suggested that
the study of GCV together with heritability estimates could give appropriate estimates
of genetic gain expected from a selection programme. Genetic diversity is the
variability among different genotypes of species and it arises either due to
geographical separation or due to genetic barriers to cross ability (Hegde and

Varghese, 2008).

The estimates of phenotypic and genotypic coefficients of variability gave a
clear picture of amount of variations present in the available germplasm. The
estimates of phenotypic variance were higher than the corresponding estimates of
genotypic variance for all the traits, indicating thereby, the influence of environment
in the expression of these traits. Similar finding was also reported by Godbharle et al.,

(2010) in sorghum. Since these estimates solely do not provide means to assess the
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nature of genetic variability, phenotypic and genotypic coefficient of variation were
also estimated. Although estimates of PCV were higher than that of GCV, they were
close to one another implying that the influence of environment on the expression of
these traits were negligible hence selection based on phenotypic value is feasible.
Coefficients of variability varied in magnitude from character to character (either low
or moderate or high). Therefore, it indicated that there was a great diversity in the

experimental material used.

Heritability has an important place in plant improvement programmes
(Dorman, 1976) as it provides an index of the relative strength of heredity versus
environments. It is also useful for ranking importance of each trait in cross-breeding
programmes (Kumar et al., 2007). Johnson et al. (1955) reported that heritability
estimated along with expected genetic gain was more useful and realistic than the

heritability alone in predicting the resultant effect for the best genotypes.

Johnson et al. (1955) explained that provenance heritability didn’t indicate the
amount of genetic improvement that can be achieved through provenance selection.
Therefore it has been suggested that high heritability coupled with high genetic gain
was the true index for effective selection (Johnson et al., 1955 and Swarup and
Chaugale, 1962). High provenance heritability was not associated with high genetic
advance in most of the cases which was very much in agreement with the
observations of Swarup and Chaugale (1962). The provenance heritability estimated
for any character was useful when high selection gain in that character was also
feasible (Kaul and Bahu, 1974). Similarly, narrow-sense heritabilities for growth traits

and basic density appeared to decrease over generations.
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Moderate heritability in conjunction with high genetic advance as percent of
mean was observed for this trait which indicates the role of both additive and non-
additive gene action governing the inheritance of this trait and offers the best
possibility of improvement through progeny selection or any modified selection
procedures aiming to exploit the additive gene effects. These results are in accordance

with the findings of Rahman et al. (2002) in snake gourd.

In the present investigation, moderate heritability in conjunction with high
genetic advance as percent of mean was obtained in plant height, no. of leaves, fresh
weight of leaves, shoot fresh weight, shoot dry weight, root length, fresh weight of
root, dry weight of root, indicates the preponderance of both additive and non-additive

gene action governing the inheritance of this character.

Similarly, the high PCV with high GCV was obtained for number of leaves
was in accordance with the findings of Bhagasara et al., (2017) in sorghum. Moderate
heritability coupled with high genetic advance as percent of mean was observed for
this trait which indicates the preponderance of additive gene action governing the
inheritance of this character and offers the best possibility of improvement through

simple selection procedures.

The high PCV and GCV for fresh weight of leaves and dry weight of leaves
was in accordance with the experimental findings by Nandanwar et al. (2017) in
Desmodium gangeticum. Moderate heritability coupled with high genetic advance as
percent of mean was observed for these traits indicates the preponderance of additive
gene action governing the inheritance of this character and offers the best possibility

of improvement through simple selection procedures.
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The PCV and GCV were high for fresh weight of roots indicating that
variation among the genotypes was also high and better scope for the improvement of
these characters through selection. Moderate heritability coupled with high genetic
advance as per cent of mean was observed for this trait which indicates the
preponderance of additive gene action governing the inheritance of this character and
offers the best possibility of improvement through simple selection procedures. These
results are in agreement with the findings of Srivastava et al. (2017) in Indian

Ginseng.

The PCV and GCV were high for root dry weight indicating that variation
among the genotypes was also high and better scope for the improvement of these
characters through selection. Moderate heritability coupled with high genetic advance
as percent of mean was observed for this trait. These findings are in agreement with

Singh et al. (2017) in Ashwagandha.

The estimates of PCV and GCV were high for biomass production. Our
finding is in close conformity with the findings of Sangwan et al., (2013) in
ashwagandha. Similarly, high estimates of PCV and GCV recorded for fresh weight
of shoot and dry weight of shoot indicates presence of high degree of genetic
variability and thus a greater scope for selection. The present results were in
accordance with the findings of Patil (2001) in fenugreek. High PCV and GCV
recorded for root: shoot length ratio and root: shoot dry weight ratio also obtained in
the present investigation. Our study is in close conformity with the findings of Teli
(2016) in carrot and Kumari and Wani, (2017) in Diospyros melanoxylon. Moderate
heritability coupled with high genetic advance as percent of mean was observed

indicating the preponderance of additive gene action governing the inheritance of this
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character and offers the best possibility of improvement through simple selection

procedures.

In the present study, wide variability was recorded in number of leaves, fresh
weight of leaves, fresh weight of root, dry weight of root, shoot dry weight, shoot
fresh weight, biomass production, root length, root/shoot dry weight ratio and root
shoot length ratio indicating the existence of more variability for these traits in the
genotypes under study as they have high PCV and high GCV. Moderate variability

was recorded for plant height and collar diameter.

High heritability coupled with high genetic advance as percent of mean
indicates operation of additive gene action as in case of number of leaves, fresh
weight of leaves, fresh weight of root, dry weight of root, shoot dry weight, shoot

fresh weight, biomass production, root length, root/shoot dry weight ratio, root shoot

length ratio. Hence, directional selection for these traits in genetically diverse

material could be effective for desired genetic improvement. High genetic advance as
percent of mean with moderate heritability indicates action of both additive and non-
additive genes as in case of plant height, no. of leaves, fresh weight of leaves, shoot
fresh weight, shoot dry weight, root length, fresh weight of root, dry weight of root,
which offers the best possibility of improvement through mass selection and progeny

selection.

Hence, the breeder should adopt suitable breeding methodology to utilize both
additive and non-additive gene effects simultaneously, since varietal and hybrid
development will go a long way in the breeding programmes especially in case of C.

colebrookianum.
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5.3.4 Correlation studies

The correlation is one of the most important tools which measures the degree
and magnitude of association between various characteristics in tree improvement
programme. A clear understanding of association among different traits is of great
importance as it shows whether the choice of one character confirms the appearance

or disappearance to the other thus it is useful indirect selection.

For plant breeders, knowledge of correlation is of paramount significance
since all the biological attributes are the interplay of several genetic factors among
themselves and their individual and combined interactions with the environmental
factors. The knowledge of correlation, supplies information about how important is a
particular character, which is not amenable to direct selection, can be made through
indirect selection. It also provides information about the correlated response to
directional selection to predict genetic advance and thus, can be used as selection
indices for operating more efficient selection programmes. Correlation could be
phenotypic, genotypic or environmental. Phenotypic correlation is between values
directly measured on individual and includes genetic and non-genetic effects.
Genotypic correlation is between breeding values and amounts for only genetic
causes, which could be pleiotrophy, linkage or gene frequency disequilibrium.
Environmental correlation is between non- genetic values and arises due to the fact
that several observations are affected by the same amount of environment. Therefore,

knowledge of the correlations is of great significance.

The genetic correlation coefficients between different characters in seed

sources and progenies are generally similar in magnitude and nature, to corresponding
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phenotypic correlation coefficient in the present investigation. However, in general,
genotypic correlations were higher in magnitude than the corresponding phenotypic
correlation coefficient which is similar to the finding of Jat (1993) and Bhagat and

Jadeja (2003) reported in C. borivilianum.

In the present investigation, the correlation coefficients among the different
characters were worked out at phenotypic and genotypic levels. The phenotypic and
genotypic correlation coefficients among different characters showed that the plant
height had significant positive association with number of leaves, fresh weight of
leaves, collar diameter, root length, fresh weight of roots, dry weight of roots, shoot
fresh weight, shoot dry weight, root: shoot length ratio, root: shoot dry weight ratio

and biomass production.

The estimates of Pearson’s correlation coefficients among the different traits
indicated the plant height is significant and positively correlated with number of
leaves, fresh weight of leaves, collar diameter, root length, fresh weight of root, dry
weight of root, shoot fresh weight, shoot dry weight, and biomass production. Plant
height is negatively correlated with root: shoot length ratio and root: shoot dry weight

ratio.

In the present investigation, plant height had found significant and positive
correlation with leaf number, fresh weight of leaves, collar diameter, root length, fresh
weight of leaves, root dry weight, shoot fresh weight, shoot dry weight, root:shoot
length ratio, root:shoot dry weight ratio and biomass production. Rameshkumar
(2013) also reported positive significant association of plant height was observed with

dry weight of root, root length, and collar diameter at both the genotypic and
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phenotypic levels. Positive and significant association of plant height with root length,
collar diameter and root fresh weight were obtained by Kandalkar et al., (1993).
Positive and highly significant association of plant height with dry root yield was also

reported by Kubsad et al., (2009).

Plant height was positive and significantly correlated with number of leaves

and similar result was obtained by Ziblim et al. (2015). Plant height also had strong

positive association with shoot dry weight. Our study is in close conformity with the

findings of Shabnam and Igbal, (2016) in wheat.

In the present investigation, strong and positive phenotypic correlation was
obtained for plant height and biomass production. Charles et al. (2002) observed in an
experiment that the stalk dry matter yield of kenaf increased with increase in plant
height. Ejieji and Adeniran (2010) also observed that stem dry matter of grain

Amaranth (Amaranthus cruentus) increased with the increase in plant height.

In our investigation, collar diameter was found positively and significantly
correlated with plant height, number of leaves, fresh weight of leaves, root fresh
weight, root dry weight, shoot fresh weight, shoot dry weight and biomass production.
Rameshkumar (2013) reported collar diameter was positively and significantly
correlated with plant height, leaf length, leaf width and dry weight of root at both
genotypic and phenotypic levels. Kandalkar et al., (1993) obtained positive
correlation of collar diameter with plant height, root length and root weight at
genotypic level only, while positive and significant correlation of same were obtained

at phenotypic level. Kubsad et al., (2009) obtained positive correlation of collar
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diameter with dry root weight, while positive and significant correlation with plant
height. Dubey (2010) reported positive correlation of root diameter with plant height
and dry root yield. Ramesh Kumar et al., (2011) obtained positive and significant

correlation of root diameter with dry root weight per plant.

In our study, positive and significant phenotypic correlation of root length was
observed with plant height, number of leaves, fresh weight of leaves, collar diameter,
root fresh weight, root dry weight, shoot fresh weight, shoot dry weight and biomass
production. Rameshkumar (2013) also obtained positive and significant correlation of
root length with plant height, and root dry weight of root at both genotypic and
phenotypic levels Kandalkar et al., (1993) obtained positive correlation of root length
with plant height, root diameter and fresh weight of root at genotypic level only, while
positive and significant correlation of same were obtained at phenotypic level. Kubsad
et al., (2009) obtained positive correlation of root length with plant height, root
diameter and dry root weight. Dubey (2010) reported positive correlation of root
length with plant height and root diameter. Rameshkumar et al., (2011) obtained
positive and significant correlation of root length with dry root weight per plant.
Sangwan et al., (2013) obtained positive and significant correlation of root length

with collar diameter.

In our study, the root length was positively correlated with biomass

production. This is in conformity with the findings of Nasir and Wani (2014).

Positive and significant phenotypic correlation of dry weight of root was
obtained with plant height, number of leaves, fresh weight of leaves, collar diameter,

root length, root fresh weight, shoot fresh weight, shoot dry weight, root: shoot length
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ratio, root: shoot dry weight ratio and biomass production. Rameshkumar (2013) also
obtained positive, significant and strong correlation of this trait with plant height, leaf
length, leaf width, days to flower initiation, days to maturity, root length and diameter
of root at collar region at both the genotypic and phenotypic levels; while
withanoloide content was negatively and significantly correlated with dry weight of
root at phenotypic level only. Kandalkar et al., (1993) obtained positive correlation of
root yield with plant height, root length and collar diameter at genotypic level only,
while positive and significant correlation of same were obtained at phenotypic level.
Kubsad et al., (2009) obtained positive and significant correlation of dry root yield
with plant height, while positive correlation with root length and collar diameter.
Dubey (2010) reported positive correlation of dry root yield with root length, collar
diameter and plant height at both genotypic and phenotypic level. Rameshkumar et
al., (2011) obtained positive and significant correlation of dry root yield with root

length and collar diameter.

Positive and significant phenotypic correlation of shoot fresh weight was
obtained with plant height, number of leaves, fresh weight of leaves, collar diameter,
root length, root fresh weight, root dry weight, shoot dry weight and biomass
production. Our study is in close conformity with the study of Riaz et al. (2013) in
Gossypium hirsutum who also obtained positive and significant correlation of shoot
fresh weight with plant height, root length, fresh weight of roots and shoots dry

weight.

Traits under selection are often associated with each other in a very complex
way. Correlations between characters have been studied to identify those which are

easy to measurement for indirect selection for yield. Correlation coefficients, although
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it is useful in quantifying the size and direction of trait associations, it can be
misleading if the high correlation between two traits is a consequence of the indirect
effect of the traits (Dewey & Lu, 1959). Thus, many breeders report to the path
coefficient analyses to clarify interrelationships between yield and several other traits.
Importance of the information obtained from the correlation coefficient can be
enhanced by partitioning it into direct and indirect effects for a set of a prior cause -

effect interrelationships (Kang et al., 1983).
5.3.5 Regression Coefficient

The value of regression coefficient of biomass with plant height (0.01784), no
of leaves (0.01327), fresh weight of leaves (0.00345), Collar diameter (0.09796),
fresh weight of root (0.00208), shoot fresh weight (0.00160) and shoot dry weight
(0.00333) was highly significant whereas regression coefficient of independent
variable biomass production with dependent variables root length (0.02304) and dry
weight of root (0.00236) was significant. Regression coefficient of biomass
production with shoot length (0.45952) and shoot dry weight (0.21684) was not
significant. Similarly, the highest variability among different growth parameters of
plant collected from different populations exist in number of leaves (73.4852 %)
followed by fresh weight of leaves (69.7654 %), dry weight of root (65.2359), shoot
dry weight (61.4629 %) biomass production (59.3984 %), shoot fresh weight
(59.2603 %). The multiple regression equation models shows that maximum positive
contribution was made by shoot fresh weight (59.25 %) followed by fresh weight of
root 45.59 % and highest negative contribution made by dry weight of root (0.16 %).
Our study is in close conformity with the findings of Shen et al. (2011) who studied

the multiple stepwise regression analysis of Gentiana rigescens. Their results revealed
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that length, width, and number of root, plant height, the first branch number, and the
calyx number were the main factors that affected the biomass production. Kim et al.
(2016) also obtained significant and positive regression coefficient among biomass
production and collar diameter. The results of regression analysis of Meng et al.
(2018) revealed that there was functional equilibrium present between the biomass

production and leaf parameters and root-shoot ratio.
5.4 Microscopic Evaluation

Plant anatomy deals with the structure, contents and development of cells and
tissues. It describes the physical form and external structure of plants. It is of primary
importance for all aspects of research in plant sciences such as morphogenesis,
physiology, ecology, taxonomy, evolution, genetics, reproduction etc. (Fahn, 1990).
The systematic anatomy is mainly aimed towards relating structure particularly of
vegetative organs to taxonomic classification of the plants in which the characters are
exemplified. Application of systematic anatomy can also be extended to detection of
adulterants and substitutes (Metacalfe and Chalk, 1979). It is now frequently
investigated at the cellular level, and often involves the sectioning of tissues and
microscopy. Studies on anatomy of plants have much significance in different sectors
investigation. Anatomical studies can explain where, what, when and how level
chemical compounds deposited, cellular changed, cellular abnormalities are occurred.
The anatomical studied can be clarified the qualities of the wood properties.
Anatomical studies can be a potential tool of taxonomic studies, mainly where there is

no reproductive organ. The anatomical annotations are of importance in the
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assessments and appraisals, use of the characters as an effective tool in interpreting

phyletic evaluations and systematic delineations (Metcalfe and Chalk, 1950).

Plant anatomy provides a novel perspective on the microscopic structure of
plants. Pharmacognostic study is the initial step to confirm the identity and to assess
the quality and purity of the crude drug. Quality control of crude drugs is a
challenging task because of complex nature of chemical constituents. To ensure the
quality of herbal products proper identification of the plant material is essential
(Anon., 1996). Anatomical characters help for identification, when the morphological
features are indistinct (Cutler et al., 2008). Anatomical study of medicinal plants is
significant in pharmacognosy and to prevent adulteration as well as evolve the
specific parameters for authenticity and quality control of raw drugs (Bernerjee and

Mukherjee, 2001; Gupta et al., 2001).

In recent years, natural compounds of plant based origin have received much
attention as they are well tested for their efficacy and believed to be much safer than
synthetic drugs. Therefore critical studies on modern approaches, viz.
physiochemical characterization, biological evaluation, toxicity studies, molecular
mechanism of action, is needed for management of various diseases. Anatomical
characterization provides additional support towards authentication and elimination
of adulteration of market sample of potent medicinal plants as Clerodendrum

colebrookianum.

Despite of its usage in folk medicine due to its antimicrobial effect, the

morphology of Clerodendrum colebrookianum is not known entirely. However, this
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study might be the first study conducted to determine the anatomical and some

microscopic characteristics of aerial parts of Clerodendrum colebrookianum.

Stems serve as a sink for several metabolites and as an important source of
bioactive compounds. In the present investigation, the microscopic evaluation of
transverse section shows prominent epidermal cells with dark inclusions, uniformly
thick periderm and which encircle the vascular cylinder. There was a fine outgrowths
on plants called as Trichomes. Just beneath the tracheids, a single layer epidermis,
compactly arranged square cells are present and acts as a boundary between the plant
and the external environment. This is followed by 5-6 layered sclerenchyma cells
which are almost circular in shape. Immediately after sclerenchyma cells 3-4 layered
parenchymatous cells are present. Below parenchymatous cells, ground tissues are

distributed throughout and composed of circular cells.

The leaves C. colebrookianum are simple, opposite or rarely whorled. Leaf
base is wedge- shaped to heart-shaped, margin entire to slightly wavy, tip pointed.
The outer cell wall was covered by Trichomes. It was followed by multiple layers of
palisade cells. The palisade cells are round in shape. Just beneath the palisade cell,
collenchyma cells are present. The wvascular bundles are scattered in the

collenchymatous cells around the pith.

Leaves are important organs for photosynthesis and play an important role in

survival and growth of a plant. Many previous studies have revealed that variations in

leaf traits are the result of adaptations to growth habitats (Pandey and Nagar, 2002).

Quantification and visualization of morphological variations of leaves and other

structures are essential for an overview of evolutionary and ecological processes of
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phenotypic diversification and are the fundamental basis from which to develop more
complex studies to achieve new perspectives on the interaction of phenotype,

genotype and environment (Jensen, 2003).

Morphologically and anatomically, the leaf is the most variable plant organ
and the difference such as trichome is occasionally specific for species, genera or
even families (Bunawan et al., 2011). Information on foliar micromorphology has
been reported of capable of shedding more light on plants structural features and their
possible functional attributes (Ashafa et al., 2008). Several studies have reported the
significance of foliar microscopic features used to evaluate taxonomical delimitations
of many plants (Yasmin et al., 2009). This in effect has helped in correct
identification and authentication of many plants hence finding usefulness in
standardization of herbal products obtainable from various medicinal plants
indigenous to most communities. Anatomical characters of the leaf that have been
used in some studies include: epidermal cell type, stomata, trichome and vascular
bundle pattern and arrangement (Senthamari, et al., 2011). However, no such
information is available on the anatomy of Clerodendrum coleoobrokianum. The
study was therefore undertaken to obtain information on micromorphological features
of these two important medicinal plants which would help in their identification and

authentication.

Anatomic characters of leaf are used as taxonomic markers to assist in the
correct identification of the plant species. Some particular groups of plants or taxa
seem to be characterized by specific type of cross-sectional anatomy, epidermal

features, which are the epidermis, stomata, gland and trichomes (Park, 1994).
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Kereszty (1994) studied the leaves of various Clerodendrum species under the
SEM and found significant differences, in especially the lower surface and the
stomata, to separate species and infraspecific taxa. Metcalfe (1979) and Metcalfe and
Chalk (1979) reported homogeneous mesophyll and dorsiventral leaves in the family
verbenaceae. In C. louwalbertsii the leaves are dorsiventral, but in C. triophyllum the
mesophyll is homogeneous. Several authors have described the peltate hairs found in
many members of the family Verbenaceae (Cantino 1990; Kereszty 1994). The
general morphology of the peltate hairs present in the two species studied was
basically the same as that described by these authors, and no significant differences
were observed between the peltate hairs of the two species: in both cases the hairs had

an 8-celled head, a unicellular stalk and a base cell.

Among the Cuban Cleroelendrum taxa, Kereszty (1994) found only
hypostomatic leaves and anomocytic, actinocytic, anisocytic and paracytic stomata.
Inamdar (1969) also found only hypostomatic leaves but mostly diacytic stomata in
the Indian Clerodendrum taxa studied by him. Cantino (1990) reported 3-celled
diallelocytic stomata in al | the species of Clerodendrum subgenus Cyclonema he
examined. C. triphyllum and C. lomvalbertsii both belong to the subgenus Cyclonema
(Verdcourt 1992) but only diacytic, anisocytic, anornocytic and paracytic stomata

were observed during the present study.
5.5 Seed Biology
5.5.1 Physical parameters of the seeds

The Analysis of variance related to physical parameters of the seeds presented

in Table 4.13 revealed significant differences with respect to locations.
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The maximum seed weight was obtained from the seeds collected from Reiek
(0.40+0.02 g) followed by the seeds collected from Zonuam (0.38+0.03 g). Among all
the locations the lowest seed weight was obtained in Chawlhhmun (0.21+0.01 g).
Similarly, among the different locations, the significantly maximum seed length was
obtained from the seeds collected from Reiek (7.38 £0.46 mm) followed by Zonuam
(7.02+£0.28 mm). Among the different seeds collected from various locations, the
significantly lowest length was obtained from the seeds collected from Durtlang
(6.43+0.20 mm), followed by Sakawrtuichhun (6.46£0.24 mm). Similary, there was
significant variation among the germplasms with respect to diameter of the seeds. The
maximum diameter was obtained from the seeds collected from Reiek (5.86+0.48
mm) and the minimum was obtained from the seeds collected from Durtlang
(5.02£0.30 mm). The variation in physical properties of the seeds might be due to

different genetic make-up of the individual seeds.
5.5.2 Moisture Loss (%0)

Seed moisture is a critical factor determining the viability and longevity of
both recalcitrant and orthodox seeds. In our present investigation, the moisture loss
was increased with the storage period right from 30 days after storage till 90 days.
Among the seeds collected from various locations, the moisture loss was also varied
significantly throughout the observation periods. It is clear from the data presented in
Table 4.13, that at 30 days after storage, the maximum moisture loss was observed in
found from the seeds collected from Tanhril (17.65+0.01 %), while the lowest was
reported from the seeds collected from Serkhan (10.05+0.03 %). At 60 days after
storage, the moisture loss followed the similar pattern as that of 30 days. The

maximum was in Tanhril (18.26+0.02 %), and the lowest was in Serkhan (13.50+0.01
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%). At 90 days after storage of the seeds, the maximum moisture loss was observed in
found from the seeds collected from Durtlang (19.13+0.02%), while the lowest was
from the seeds collected from Sakawrtuichhun (14.13+0.00%). The variation in
moisture content of this plant might be due to different ripening stage of the fruits as
well as different soil and climatic condition and inherent character associated with

species.
5.5.3 Seed volume (cc)

The seeds varied significantly with respect to the volume of seeds also (Table
4.13). The highest seed volume was found in the seeds collected from Reiek
(0.86+0.12 cc) and lowest was in Durtlang (0.55+0.07 cc). The variation in seed
volume might be due to the size of the seed coat, in addition embryo of the seeds also

increases the volume of the seed.
5.5.4 Imbibition (%)

The imbibition result presented in Table 4.13 showed that percentage
imbibition was found to be the highest in Lungdai (43.91+1.98) and the lowest was
observed in Reiek (30.70+2.67). Yaklich et al. (1984) claimed that porous seed coats
are usually permeable and non-porous ones impermeable. The seeds of Clerodendrum
have small opening or pore on the ventral side of the seeds. Water can pass through
easily so that the imbibition speed can be enhanced by this opening. But there should
be limitations for entering the water into the seeds. It also depends upon the size of

the embryo and the hardness of the seed coat.
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5.5.5 Seed germination

Storage of seeds is an essential step for the long-term conservation of plant
genetic resources. Maintaining seed viability for longer period is very essential to
preserve the genetic integrity in stored samples. Since very early days, simple
techniques have been adopted to maintain the seed viability in both domesticated and
wild sources (Onyekwelua and Fayose, 2007; Pradhan and Badola, 2008).
Inappropriate storage medium such as room temperature storage often results in low
seed germination, seed deterioration, and loss of viability, which are natural
phenomenon during storage (Schmidt, 2002, Nasreen et al.,. 2000). Several factors,
namely, temperature, nature of the seeds, seed moisture content, relative humidity,
influence the seed longevity during storage (Onyekwelua and Fayose, 2007; Pradhan
and Badola, 2008). Seed moisture content, temperature, and storage periods are
among the main factors affecting above relationship (Roberts, 1988.). Long-term
storage may lead to considerable reduction in germination or to eventual death of the
seeds. Proper storage conditions, however, may effectively retain substantial viability
in seeds over a considerable storage period (Butola and Badola 2004; Chen et al.,
2007). Such approaches are especially crucial in case of endangered species, where
judicial use of seeds as valuable genetic material through standardizing proper storage

mechanism is a precondition to strengthen species conservation programme.

There are two types of seeds in nature. One is orthodox and another one is
recalcitrant seeds. Orthodox seeds dry up-to low moisture content and can tolerate
freezing temperature and can be stored for many years. But recalcitrant seeds are
dessicated sensitive, loss viability in a short period and cannot be stored for

prolonged. Attempted has been made on the storage of recalcitrant seeds, such as
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‘moist’ storage, partially dry storage and cryostorage, but all these methods have their
own limitations (Chin, 1989). The seeds Clerodendrum colebrookianum comes under
the latter. The seeds were collected in the month of November and germination test
conducted from December till it losses viability. The seeds we stored in ambient
temperature (room temperature) losses viability after 6 months if stored in ambient
conditions and by 8 months if stored in refrigerated conditions. The germination was
initially low irrespective of the locations and storage conditions and it reaches the
maximum by 3" months and thereafter again decreases gradually and finally loss the
viability by 6 months in ambient condition and 8 months in refrigerated condition. In
the present investigation, in refrigerated storage, at 3 month after storage, the
maximum germination was obtained in the seeds collected from Reiek (96.67 + 5.77)
at 3 months after storage, while in ambient conditions, the maximum germination was
obtained from the seeds collected from Reiek (90.00 +10.00 %) at 2 months after
storage. Germination test indicated that seeds of C. colebrookianum may not remain
viable for extended periods at room temperature and even storage at low temperature
(4°C-6°C) for long time. Loss of viability in stored seeds is a common phenomenon
(Verma et al., 1996) and it increased with storage duration with storage condition is
another factor (Dell, 1987). However, it was also observed that seed moisture content
did not played key role as population with low seed moisture at the time of harvesting
had high viability in C. colebrookianum. Further, seed moisture was slightly
decreased after one year storage. Loss of viability as well as variation in seed viability
among different natural populations may have the relation with growth and
development of embryo which caused morpho-physiological dormancy as suggested

by Walck and Hidayati, (2004) in another Apiaceae species Osmorhiza depauperata.
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Germination of seeds of C. colebrookianum decreased with the increasing
storage period, however, the magnitude of decrease was higher in seeds stored in
polythene bags than the refrigerator. Possibly, the seeds stored at 4°C could maintain
an optimum moisture level thus remained viable for comparably longer period
(Pandey et al., 2000), while those stored at room temperature, lost viability earlier
(Nautiyal et al., 1985). Our study is in close conformity with the study of Prakash et
al., (2005) in some medicinal plants of Alpine region, where they also obtained
maximum germination at refrigerated seeds as compared to normal storage and the

germination was decreased with the storage period.
5.5.6 Seed viability

Clerodendrum colebrookianum seeds are recalcitrant so they loss the viability
very soon. In the present investigation, observations reveals variation in seed weight,
seed length, seed diameter and seed volume in addition to moisture content as well as
imbibition rate of the seeds. Viability among the different populations irrespective of
moisture content which may suggests morpho-physiological type of dormancy in this
species. On the basis of present observations, it is further suggested that seed stored
at refrigerated temperature remain viable for eight months. The slow loss of viability
in seeds stored at low temperature (4°C) was probably due to reduced rate of
metabolic activities and inactivation of enzymes, thus helping to retain seeds viable
(Some and Seetalakashmi, 1989). Harrington (1972) made generalization that
orthodox seeds storage life is halved by each 5°C increase in temperature or by each
1% increase in seed moisture content. In the present experimentation, seeds of
Clerodendrum colebrookianum also follow the same a rule as the increase in moisture

content in the seeds stored in polybags at ambient temperature was comparatively
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higher as well as seeds stored in refrigerator. Further observations are needed to
overcome morpho-physiological dormancy and bringing uniformity in germination

behavior of C. colebrookianum

Viability tests conducted on seeds of C. colebrookianum indicated that
germination percentage of significantly decreases over a 1-year period, even under
low temperature storage conditions. This loss of seed viability may be a primary

reason for low seed germination of C. colebrookianum in nature (Nadeem et al.,

2000). This study demonstrated that loss of viability and moisture content of stored

seeds increased with storage duration, a common phenomenon in stored seeds

(Edwards and Mumford, 1985; Verma et al., 1996) associated with seed viability

over time and with storage conditions (Dell, 1987). Prakash et al., (2005) also
observed decrease in viability with the storage period and more viability at
refrigerated seeds as compared to normal storage in some medicinal plants of Alpine

region.
5.6. Germination studies
5.6.1 Germination studies with different PGRs and chemicals

Data presented in Table 4.18 showed that there was significant difference
among the seeds treated with different PGRs and Chemicals with respect to the
germination parameters. This investigation clearly indicated that seed germination in
C. colebrookianum differed among seed treatments and in nursery conditions. An
earlier report (Baskin and Baskin, 1998) suggested that the mother plant environment

(nutrient, light, and water and seed position on the mother plant) may influence the
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seed germination among populations. Latitude and elevation could also play be

important factors affecting seed germination among the different populations.

Our study revealed that KNO3 could moderately improve germination of
populations of C. colebrookianum. These observations are in agreement with a report
of Qaderi and Cavers (2000) and Vashistha et al. (2009) showing that seed
germination of Onopordium acanthium and Angelica glauca was significantly

affected by KNOj3 concentration.

In our study, gibberellic acid treatments had negligible effects on seed
germination of C. colebrookianum. Earlier studies (Chaudhary et al., 1996; Ojala,
1985; Vashistha et al. (2009) have reported similar observations for other species. The
poor response to gibberellic acid may be due to the presence of naturally occurring
germination inhibitors that could not be overcome by the application of gibberellic
acid. Seed treatments with KNOjz; have improved germination in Heracleum

candicans (Johsi and Dhar, 2003) and Arnebia benthamii (Manjkhola et al. 2003).

As compared with expensive plant growth regulators, the use of relatively
inexpensive KNO3; and NaHCIO3 have been suggested as beneficial tools for mass
multiplication in cultivation (Butola and Badola 2004). Our study indicate that seed
treatments with KNO3z and NaHCIO; are economically feasible for C. colebrookianum
and can be easily applied by nursery workers and poor farmers developing mass
planting stock. In total, our study indicates that the use of the seed treatments plus the
use of seed storage at low temperatures would be useful in increasing seed

germination and thus plantings of C. colebrookianum. An appropriate nursery-based
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germination protocol and the non-uniformity in germination behavior in C.

colebrookianum is also needed further research.
5.6.2 Germination studies with different media

The growing media plays a vital role in growth and development of any plant
species as act as one of the growth influencing factors i.e., edaphic factor that act as
precursor for initial stages of plant life. The supply of plant water and air to the
growing plants can be greatly influenced by the physical composition of growing
media (Beardsell and Nicholas, 1982) which may further effect the anchorage,
nutrient and water holding capacity of the medium. These characteristics directly
influence the seedling emergence and vigor and consequently to seedling quality

(Baiyeri and Ndubizu, 1994).

In present study the substrate combinations suggested that the best media
among different treatments for seed germination parameters is soil + sand + FYM +
vermicompost as there were significant effects in all seed germination parameters.
Joiner and Nell (1982) found similar results in peat + perlite mixture for Aglaonema
and Dieffenbachia. Abirami et al. (2010) also revealed enhanced seed germination
and seedling growth in Myristica fragrans Houtt by using different combinations of
growing media. Manh et al. (2014) also reported that using substrate mixture of
vermicompost with rice hulls ash and coconut husk following rate 1:1:1 respectively
gave highest value of germination rate, plant height, leaf area, plant biomass. There is
also ample evidence suggesting that growing media containing mixture of
vermicompost increase the germination percent (Michelle and Bachman, 2000; Atiyeh

et al., 2000 Arancon et al., 2004) by influencing higher germination, increased
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biomass, balanced composition of nutrients enhanced growth and development which
may preserve soil humidity, increase nutrient content and improve soil structure
which increase water absorption and maintains the cell turgidity, cell elongation and
increase respiration at optimum level, leading to favourable seed sprouting. All these
factors are favorable for seed germination and ultimate by increase seed germination
percent, speed of emergence, seed vigour, germination index, germination value and
reduce imbibition period (Bachman and Metzger, 2008; Zaller, 2007). Our present
study is in close conformity with the findings of Dharambheer et al. (2016) in

Angelica glauca.
5.7 Acquisition of germinability

The experimental test showed very less germination from green immature
fruits. The seeds collected at freshly harvested and fallen seeds gave good
germination. So, there was no dormancy present in the seeds of harvested and fallen
seeds. But the poor germination in green seeds might be due to under-developed

embryo at the time of collection of the seeds (dormancy due to rudimentary embryo).

In the present investigation, differences in germination were observed with
respect to the type of the seeds. The highest germination percentage was obtained in
the freshly harvested seeds (55.00+8.66) while, the lowest was obtained in green
seeds (8.33%£2.89). Our study is in close conformity with the findings of Newton et al.,
(2013) where they also obtained maximum germination from freshly harvested seeds.
The decline in germination of green seeds may have been confounded by dormancy
induction in a proportion of seeds. An alternative and more plausible explanation for

this, however, may be the premature breaking of the connection of the seed to the
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placenta, or perhaps selective abortion, before germinability and desiccation
tolerance, respectively, were acquired. Ovule abortion can take place at any stage

before seeds reach maturity (Lersten, 2004).

There was variation among the type of seeds with respect to speed of
germination, mean germination time, peak value, mean daily germination and
germination index. With respect to all these parameters, the highest value was
obtained in freshly harvested seeds and the lowest in green seeds. Our study is in
close conformity with the findings of Kitchen and Monsen (2001), where they also
obtained maximum germination percentage and MGT from the freshly harvested

seeds.
5.8 Nursery parameters

The ability to tolerate the surrounding environmental conditions is an essential
element to the survival. Due to adverse environment, most of the plant
species are habitat specific and flourish well only within a narrow range of
environment. They have specialized adaptation to a specific set of environment and
this means they are very susceptible to all sort of environmental changes (Kdrner,
1999). Therefore, identification of suitable location is prerequisite for the successful

domestication and economically viable cultivation of these species.

Significant variation was observed among the seeds collected from different
locations with respect to survival percentage. The maximum per cent survival was
observed in Lungdai, Serkhan and Chawlhhmun (100.00£0.00), while, the lowest was
obtained in Luangmual and Durtlang (50.00£3.00). Variation of seedling survival

collected from different altitudes can be attributed due to variation in genetic make-up
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of the seedlings. Survival depends on the continuous adaptation of the species to new
environment, and a species that has gained high chance of survival in a particular
habitat is termed as adapted species (Campbell and Sorensen, 1984). Similar studies
on comparison of per cent survival among different seedlings have also been reported
by many workers (Chauhan and Nautiyal, 2005; Chauhan and Nautiyal, 2006;

Vashistha et al., 2007; Vashistha et al., 2008).
5.9 Seedling growth

Production of high quality seedlings in large-scale plantation program needs a
readily available and suitable seedling growing medium (Hossain, 2004). Seedlings
develop profuse root system immediately after germination under full sun.
Development of seedling is better in full sunlight than under partial shade (Tewary,
1994). The seedlings exhibit faster growth on onset of monsoon and can attain a
certain height at the end of growing season (Zabala, 1990). Growth is strongly

dependent on soil conditions.

In the present investigation, significant variation was observed among the
different populations with respect to seedling growth in terms of morphological
parameters, viz. plant height, collar diameter, number of leaves, root length, fresh
weight of leaves, fresh weight of shoot, fresh weight of leaves, dry weight of root, dry
weight of shoot, root/shoot dry weight ratio, and biomass production. In general, the
variation in morphological characters among different seedlings collected from
different locations might be due to variation in genetic make-up of the plants. Our
study is in close conformity with the findings of Matin and Khan, (2000) where they

obtained significant variation in growth performance of seven species of Albizia
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seedlings at nursery stage in Bangladesh. Seedling variation in relation to habitat has
also been reported in Celtis australis (Singh et al., 2006) and Magnolia officinalis

(Shu et al., 2012).

In our study, plant height of the seedlings varied significantly among the
different locations. At 360 days after planting, the maximum plant height was
obtained in Reiek (311.61+£38.13 cm), while the lowest was obtained in Tanhril
(174.87+£32.55 cm). Dangasuk et al. (1997) in their provenance trials with
Faidherbia albida seedlings reported that there was little variation among and within
the Southern African and East African provenances in seedling height.

Similarly, at 360 days after planting, the maximum collar diameter was
obtained in Reiek (46.33+3.21 mm), while, Tanhril recorded the lowest value
(29.67£2.08 mm). Dangasuk et al. (2001) and Ibrahim (1996) also observed variation
in seedling diameter for Faidherbia albida Provenance at the nursery stage after 3
months. Ibrahim et al. (1997) reported that the seedlings produced by seeds from
southern African provenances had larger collar diameter than those from other

regions and this is in conformity with our findings.

Highly significant variation in leaf number was observed at all ages of growth
(Table 4.23). These present findings are in conformity with the observations of
Dangasuk et al. (1997) who reported significant difference in leaf number of
Faidherbia albida seedlings thirty days after germination. Singh et al. (2010) also
observed significant variation in the number of leaves per plant in Quercus glauca

and attributed it to wide range of distribution of the species.
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It should be noted that all seedling characters should be considered during
selection because selection done on the basis of one character alone may not give the
desired level of superiority (Singh et al., 2010). Since the period of this study was
short (1 year), further progeny tests in the field should be undertaken for a longer
period so as to obtain definitive recommendations for early selection as “It is
advisable that the age of early selection in any species should be sufficiently long to
achieve a reasonable level of accuracy in selection” (Loha et al., 2006). Finally,
selecting and analyzing additional locations in future studies could be considered in
order to get a more suitable selection for breeding purposes and integration into

agrarian systems.
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Summary and Conclusion

The present investigation entitled “Resource Assessment and Seed
Biology of Clerodendrum colebrookianum Walp. in Mizoram, India’’ was carried out
during 2013-2016 at Dept. of Horticulture, Aromatic and Medicinal Plants, Mizoram
University, Aizawl, Mizoram.

The salient findings emerged out from the present investigation are summarized

below:

1. The maximum percentage frequency of C. colebrookianum Walp was obtained
in Luangmual (80%), whereas; the lowest percentage frequency was obtained
in the germplasm of Lengpui (40%). The highest abundance of the species was
obtained in Sakawrtuichhun (15.40) and the lowest was obtained in Lungdai
(7.5).

2. The maximum density of C. colebrookianum Walp was obtained in the
location Sakawrtuichhun (308.00 plants/ha). However, among the studied
locations, the lowest density was obtained in Serkhan village (152.00
plants/ha).

3. The maximum average basal cover was found in Luangmual (28.22 cm?),
whereas, the minimum was observed in Zonuam (9.39 cm?®) among all the
studied geographical locations. Among all the locations, the highest Total
Basal Cover was reported in Luangmual (200.36 cm’m), while the lowest

was observed in Zonuam (47.88 cm’m).
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4. A large number of species have been found associated with C.
colebrookianum Walp in different locations includes Achyranthes aspera L.
Acmella oleraceae/Spilanthus acmella, Adhatoda vesica Mill, Adenostemma
lavenia, Ageratum conizoids, Artemisia vulgaris, Bidens pilosa, Blumea
lanceolaria, Cajanus cajans, Centela asiatica, Colocasia spp , Cuscuta reflexa
Roxb, Eupatorium odoratum, Imperata cylindrical, Manihot esculenta,
Mikania micrantha, Mimosa pudica L.,  Oroxylum indicum, Pteridium
acquilinum, Solanum indicum L., Solanum torvum, Thysanolaina maxima ,
Trevesia palmate.

5. The relative frequency, relative dominance, relative density varied from 6.66 -
13.33, 4.88 — 20.44, 6.65 — 13.48 respectively.

6. The Importance Value Index (IVI) was calculated in order to record the
dominance and ecological success of selected species. Among the studied
locations, the highest IVI was observed in Luangmual (46.21) and the lowest
value with respect to IVl was observed in Lengpui (21.06).

7. Distribution pattern on the basis of A/F ratio indicates C. colebrookianum
Walp. as contiguous.

8. The threat status identified for this species indicates C. colebrookianum Walp.
as Critically endangered to endangered on the basis of no of mature
individuals; vulnerable on the basis of number of locations, Endangered on
the basis of area of occurrence and occupancy.

9. Morphological features of the plant of C. colebrookianum Walp among
different germplasm indicated that the average height of the plant varied from

189.80 — 303.53 cm, collar diameter (27.89- 45.67), number of leaves ranged
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(33.33 — 211.00), root length (36.84 — 94.11), root shoot length ratio (0.14 —
0.39), root fresh weight (266.67 — 1273.33), shoot fresh wt. (608.33 —
2086.67), leaf fresh weight (170.00 — 840.00g), root dry wt. (110.00 — 596.67
g), shoot dry wt. (220.00 — 886.67 g), root/shoot dry wt. ratio (0.44 — 1.13) and
biomass production (0.88- 3.36).

10. Flowering and fruiting characteristics of C. colebrookianum Walp. among
different Germplasms indicated that there was significant variation among the
germplasm with respect to days required for flowering from initiation of bud
(39.33 — 43.00), days required for bud differentiation from initiation of bud
(9.67 — 12.00), number of flowers/inflorescence (96.33 — 116.67), length of
inflorescence (15.03-24.10 cm), fruit setting per cent (87.03-98.90%), no. of
fruits/inflorescence (18.33- 42.67), days required to maturation from setting of
fruits (45.67 - 49.67), fruit retention percentage (28.67 — 45.67).

11. Estimation of phenotypic and genotypic coefficient of variation, heritability,
expected genetic advance and genetic advance as percent of mean for different
traits in C. colebrookianum Walp revealed that the genotypic variance ranged
from 0.0039 - 156884.27, phenotypic variance 0.065 - 411584.16
respectively. The maximum value for genotypic coefficient of variation was in
fresh weight of root(47.11) and lowest was in Plant height (15.76). Similarly,
phenotypic coefficient of variation ranged between 21.85 - 72.83. The Broad
sense of heritability ranged from 34.55 -59.18 in fresh wt. of leaves and root
shoot length ratio respectively. The genetic advance varied from 0.10 —

530.75. Highest is in shoot fresh wt. and lowest in root shoot length ratio. The
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genetic gain ranged from 20.16 — 67.73. Highest in shoot dry wt. and lowest in
collar diameter.

12. Genotypic Correlation coefficients of C. colebrookianum Walp among
different traits revealed that most of the morphological parameters were
significantly to highly significantly correlated among each others. Biomass
production was highly correlated with no of leaves, fresh weight of leaves,
root length, fresh weight of root, and shoot fresh weight.

13. Phenotypic correlation coefficient was also worked out among different traits
in C. colebrookianum Walp and it revealed that Biomass production was
highly correlated with Plant height, no of leaves, fresh weight of leaves, collar
diameter, fresh weight of root, and shoot fresh weight shoot dry weight and
strongly with root length and positively with dry weight of root.

14. Pearson’s Correlation coefficients was also estimated among the different
traits in C. colebrookianum Walp. and the results revealed that the number of
leaves was highly correlated with the plant height, biomass production was
highly correlated with Plant height, no of leaves, fresh weight of leaves, collar
diameter, and fresh weight of root, and shoot fresh weight, shoot dry weight
and strongly with root length and positively with dry weight of root.

15. The value of regression coefficient of biomass with plant height (0.01784), no
of leaves (0.01327), fresh weight of leaves (0.00345), Collar diameter
(0.09796), fresh weight of root (0.00208), shoot fresh weight (0.00160) and
shoot dry weight (0.00333) was highly significant whereas regression
coefficient of independent variable biomass production with dependent

variables root length (0.02304) and dry weight of root (0.00236) was
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significant. Regression coefficient of biomass production with shoot length
(0.45952) and shoot dry weight (0.21684) was not significant. The multiple
regression equation models shows that maximum positive contribution was
made by shoot fresh weight (59.25 %) followed by fresh weight of roots
(45.59 %) and highest negative contribution made by dry weight of root (0.16
%).

16. The stem of C. colebrookianum Walp is surrounded by a fine outgrowths or
appendages called as Trichomes or plant hairs. Just beneath the tracheids, a
single layer epidermis, is present and acts as a boundary between the plant and
the external environment This is followed by schlerenchyma cells which are
almost circular in shape. Immediately after schlerenchyma cells 3-4 layered
parenchymatous cells are present. Below parenchymatous cells, ground tissues
are distributed throughout and composed of circular cells. Vascular bundles
are present along with the pith. And lastly, pith was present in the middle of
the stem and it is composed of soft, spongy parenchyma cells.

17. The leaves C. colebrookianum Walp are simple, opposite or rarely whorled.
Leaves are 10-20 cm in length and 6-12 cm in breadth. Leaf base is wedge-
shaped to heart-shaped, margin entire to slightly wavy, tip pointed. The outer
cell wall of leaf was covered by Trichomes. It was followed by multiple layers
of palisade cells. Just beneath the palisade cell, collenchyma cells are present.
The vascular bundles are scattered in the collenchymatous cells around the
pith.

18. The outermost layer of the root is called epidermis followed by cortex. Just

beneath the cortex, a 5-6 layers of collenchymatous cells are compactly
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arranged. Vascular bundles, xylem and phloem occupy the central region of
the root. Xylem transports the water and minerals absorbed by the root up to
the stems, leaves, and flowers. The phloem transports the sugars and other
nutrients made by the leaves down to the root for immediate use or for storage
during periods of dormancy.

19. The observation on seed biology indicates that the physical parameters of the
seeds varied with respect to germplasm. The weight, length and diameter of
the seeds ranged from 0.21 — 0.40 g, 6.43 — 7.38 mm and 5.02 -5.86 mm
respectively. The moisture loss of the seeds was increased with the storage
period. In 30 days the moisture loss per cent varied from 10.05 — 17.65 per
cent, which was increased to 13.51 — 18.26 per cent by 60 days and 14.25 —
19.13 per cent by 90 days. The seed volume also varied with the germplasms.
Highest volume was found in Reiek (0.86 cc) and lowest was in Durtlang
(0.55 cc). Similarly, the imbibition, of the seeds varied from 31.09 — 43.91 per
cent. Highest (43.91%) was in Lungdai and lowest was in Lengpui (31.09%).

20. Month wise viability test of the seeds of C. colebrookianum Walp at
refrigerated conditions indicated that the seeds remain viable for a maximum
period of 8 months. Similarly, under ambient condition, the seeds remain
viable only for 6 months.

21. Similarly, with respect to germination, it has observed that in refrigerated
storage, at 3 month after storage, the maximum germination was obtained in
the seeds collected from Reiek (96.67 + 5.77) at 3 months after storage, while
in ambient conditions, the maximum germination was obtained from the seeds

collected from Reiek (90.00 +£10.00 %) at 2 months after storage.
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22. The germination test that conducted with different PGRs and chemicals
revealed that maximum germination percentage (88.67+1.53%) was obtained
in KNO3 150 mM, the same treatment also required minimum days for onset
of germination (6.33+0.58), for completion of germination (12.00+2.00) and
for initiation of true leaves (6.67+£0.58).

23. Similarly, germination study by using different media indicated that the
highest germination per cent was observed in FYM+ vermicompost (VC) +
Soil + Sand (2:2:1:2) (88.33+2.89%). The same treatment also required
minimum days for onset of germination (12.33+£0.58), for completion of
germination (29.00+2.00) and for initiation of true leaves (18.00+1.00)

24. Acquisition of germinability test revealed that there was no dormancy present
in the seeds of freshly harvested and fallen seeds. The seeds from green
immature fruits do not give proper germination. The dormancy is due to
rudimentary embryo. The germination per cent was highest in the harvested
seeds (55.00%) followed by fallen seeds with (31.67 %) and the lowest in
Green immature seeds (8.33%). The speed of germination was also highest in
harvested seeds (0.30) and lowest in green seeds (0.08). Mean germination
time ranged from 20.67 — 46.67. Highest in harvested and lowest in green
seeds, peak value ranged from 0.00 — 0.09. Highest in harvested and lowest in
green seeds. Maximum value of mean daily germination was in harvested
seeds (0.24) and lowest in green seeds (0.08). Similarly, the germination index
ranged from 0.00-1.18. Highest in harvested and lowest in green seeds.

25. Per cent survival of C. colebrookianum Walp ranged from 50.00 — 100.00.

Highest was observed in Chawlhhmun and lowest was in Durtlang. Maximum
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percent survival was observed in Lungdai, Serkhan and Chawlhhmun
(100.00+0.00), and lowest percent survival was obtained in Luangmual and
Durtlang (50.00£3.00).

26. The seeds collected from each germplasm were raised in the nursery beds and
the performance of the seedlings were observed. The seedlings varied
significantly with respect to plant height (174.87 - 311.61cm), collar diameter
(29.67mm - 46.33mm), number of leaves (88.67- 153.00), biomass production
(6301.93 g - 8074.01 g), root length (65.57 cm - 89.47 cm), root/shoot length
ratio (0.26 — 0.39), root fresh weight (2285.00g - 2686.67 @), shoot fresh
weight (1013.27 g — 3201.11 g). Leaf fresh weight (1955.33g — 2852.00 g),
root dry weight (1740.01g — 2535.029g), shoot dry weight (473.85 -2348.91 q),
root/shoot dry weight ratio varied from 0.74 — 5.44.

Conclusion

Based on the results, following conclusions have been drawn from the present

investigation:

1. Clerodendrum colebrookianum Walp. is found in kitchen garden or as semi
wild type grown mainly as vegetables crop. Due to increase in populations,
construction of buildings and over exploitation, the habitat has been gradually
destroyed. The threat status identified for this species indicates C.
colebrookianum Walp. is critically endangered to endangered on the basis of
number of mature individuals; vulnerable on the basis of number of locations
and endangered on the basis of area of occurrence and occupancy.

2. There was great morphological variability within the species and differences

was observed with respect to plant height, collar diameter, number of leaves,
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root length, root/shoot length ratio, root fresh weight, shoot fresh weight, leaf
fresh weight, root dry weight, shoot dry weight, root shoot dry weight ratio
and biomass production.

3. The stem of C. colebrookianum Walp. is surrounded by trichomes, followed
by epidermis, schlerenchyma cells, parenchymatous cells and ground tissues
and vascular bundles are distributed. Similarly, leaves are simple, opposite.
The outer cell wall of leaf was covered by trichomes, followed by palisade
cells, collenchyma cells. Whereas, the outermost layer of the root is epidermis
followed by cortex, collenchymatous cells and vascular bundles.

4. From the present study, it has observed that, the seeds of C. colebrookianum
Walp. is recalcitrant seed. The seeds lost the viability very soon. If they are
not sown within a specified time, they fail to germinate.

5. Viability test indicated that seeds of C. colebrookianum Walp. may not remain
viable after 6 months of storage at room temperature and at refrigerated
temperature after 8 months.

6. Similarly, with respect to germination, it has observed that in refrigerated
storage, at 3™ month after storage, the maximum germination was obtained in
the seeds, while in ambient conditions, the maximum germination was
obtained at 2 months after storage.

7. The result of germination test of different stages of maturated seeds revealed
that there was no dormancy present in the seeds of freshly harvested and fallen
seeds. The seeds from green immature fruits do not give proper germination

because of dormancy. The dormancy is due to rudimentary embryo.
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Reiek Lungdai

Durtlang Serkhan

Plate 1: Germplasm variability of Clerodendrum colebrookianum
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Initiation of Floral bud Bud differentiation

Fruit setting stage Fruit maturity

Plate 3: Diffferent Phenophases of Clerodendrum colebrookianum
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Plate 4: Germination with different PGRs
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GREEN SEEDS ’

HARVESTED SEEDS

FALLEN SEEDS

Plate 5: Germination of seeds harvested at different stages
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Nursery Soil FYM:VC:Soil:Sand(:2:12)

Plate 6: Germination of seeds in Nursery
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Plate 7: The growth of the seedlings from different locations

214 | Page



References

Abirami, K., Rema, J., Mathew, P.A., Srinivasan, V. and Hamza, S. 2010. Effect of
different propagation media on seed germination, seedling growth and
vigour of nutmeg (Myristica fragrans Houtt.). J. Med. PIl. Res., 4:2054-
2058.

Adjaloo, M.K., Oduro, W. and Banful, B.K. 2012. Floral Phenology of Upper
Amazon Cocoa Trees: Implications for Reproduction and Productivity of
Cocoa. ISRN Agronomy. pp.1-8.

Aguilera-Cauich, E. A., Pérez-Brito, D., Yabur, A. N., Lopez-Puc, G., Casta™noén, N.
G., Rivero, J. C. S., Atoche, C. R., Uc-Varguez, A., Gongora-Canul, C.
and Mijangos-Cortes, J.O.. 2015. Assessment of phenotypic diversity
and agronomic contrast in American accessions of Jatropha curcas L.
Industr. Crops Prod., 77:1001-1003.

Ahmed, M., Husain, T., Sheikh, A. H., Hussain, S. S. and Siddiqui, M. F. 2006.

Phytosociology and structure of Himalayan forests from different

climatic zones of Pakistan. Pak. J. Bot., 38: 361.

Ai Rong Li, Kai-Yun Guan and Robin Probert. 2007. Effects of light, scarification
and Gibberellic acid on seed germination of eight Pedicularis species
from Yunnan, China. Hort. Sci., 42: 1259-1262.

Airi, S., Bhatt, 1.D., Bhatt, A., Rawal, R.S. and Dhar, U. 2009. Variations in seed
germination of Hippophae salicifolia with different resoaking
treatments. J. For. Res., 20: 27-30.

Airi, S., R.S. Rawal, U. Dhar and A.N.Purohit. 2000. Assessment of availability and
habitat preference of Jatamansi -a critically endangered medicinal plant
of west Himalaya. Curr. Sci., 79: 1467-1471.

Airi, S., Rawal, R.S., Dhar, U. and Purohit, A.N. 1997. Population studies on
Podophyllum hexandrum Royle: a dwindling, medicinal plant of the
Himalaya. Pl. Genet. Res. Newslr., 110:29-34.

i|Page



Al-Jibouri, HW., Miller, P.A and Robinson, H. F. 1958. Genotypic and
environmental variances and co-variances in an upland cotton cross of
inter-specific origin. Agron. J.. 50: 633-636.

Allard, R.W. 1960. Principles of Plant Breeding. John Willey and Sons, New York.

Anonymous 1991. Soils of Mizoram. Directorate of Agriculture, Mizoram. pp 1-7.

Anonymous 2003. Mizoram Forest. Department of Environment and Forest, Govt.
of Mizoram, pp 1-15.

Anonymous, 1994. Ethnobotany in India: A Status Report. All India Coordinated
Research Project in Ethnobotany, Ministry of Environment and Forest,
Govt. of India, New Delhi,

Anonymous, 1996. Indian Pharmacopoeia. 4™ edn. Controller of Publications,
Government of India, Ministry of Health and Welfare, New Delhi, 2:53-
54.

Anonymous 2010. Comprehensive project proposal under New Landuse Policy for
sustained livelihood development for urban and rural poor of Mizoram.
Mizoram State Planning Board, Govt. of Mizoram pp. 1- 15.

Arancon, N.Q., Edwards, C.A., Atiyeh, R. and Metzger, J.D. 2004. Effects of
vermicomposts produced from food waste on the growth and yields of
greenhouse peppers. Bioresour. Technol.,, 93: 139-44.

Ashafa, A. O. T.; Grierson, D. S. and Afolayan, A. J. 2008. Foliar micromorphology
of Felicia miricata Thunb. Pak. J. Biol. Sci. 11: 1713-1717.

Atiyeh, R.M., Arancon, N.Q., Edwards, C.A. and Metzger, J.D. 2000. Influence of
earthworm- processed pig mar the growth and yield of greenhouse
tomatoes. Bioresour. Technol., 75: 175-180.

Ayyappan, N. and Parthasarathy, N. 2001. Patterns of tree diversity with in a large
scale permanent plot of tropical evergreen forest, Western Ghats, India.
Ecotropica. 7: 61-76.

Bachman, G.R. and Metzger, J.D. 2008. Growth of bedding plants in commercial
potting substrate amended with vermicompost. Bioresour. Technol., 99:
3155-3161.

Baiyeri, K.P. and Ndubizu, T.0.C. 1994. Variability in growth and field
establishment of Falsehorn plantain suckers raised by six cultural
methods. MusAfrica, 4: 1 — 3.

ii|Page



Balode, A. 2007. Diversity assessment of L. martagon in Latvia and applications in
Breeding. The Lily Yearbook of North American Lily Society.pp39-48.

Banerjee, G. and Mukherjee, A. 2001. Pharmacognostic studies on Portulaca
oleracea L. I. Leaf. In: Maheshwari, J.K. and Jain, A.P. (Eds.) Recent
Researches in Plant Anatomy and Morphology. Scientific Publishers
(India), Jodhpur.

Barrett, S.C.H. and Kohn J.R. 1991. Genetic and evolutionary consequences of
small population size in plants: Implications for conservation. In: Falk,
D.A. and K.E. Holsinger (eds). Genetics and Conservation of Rare
plants. Oxford University Press, Oxford, United Kingdom. pp 3-30.

Baskin, C. C. and Baskin, J.M. 1998. Seeds: Ecology, Biogeography, and Evolution
of Dormancy and Germination. Academic Press, San Diego, Califfornia.

Baskin, J. M. and Baskin, C.C. 2004. A classification system for seed dormancy.
Seed Sci. Res., 14:1-16.

Baskin. C.C., Thompson, K. and Baskin, J.M. 2006. Mistakes in germination
ecology and how to avoid them. Seed Sci. Res., 16:165-168.

Beardsell, D.V. and Nichols, D.G. 1982. Wetting properties of dried-out nursery
container media. Sci. Hort., 17:49-59.

Bentos, T.V., Mesquita, R.C.G. and Williamson, G.B. 2008. Reproductive
Phenology of Central Amazon Pioneer Trees. Trop. Conserv. Sci.,
1:186-203.

Bewley, J.D. and Black, M. 1982. Physiology and Biochemisty of seed. Vol. 2.
Viability, dormancy and environmental control. Springer-Verlag, Berlin.

Bhagasara, V.K., Ranwah, B.R., Meena, B.L. and Khan, R. 2017. Estimation of
GCV, PCV, Heritability and Genetic Gain for Yield and its Related
Components in Sorghum [Sorghum bicolor (I.) Moench]. Int. J. Curr.
Microbiol. App. Sci 6: 1015-1024.

Bhagat, C. and Jadeja, G.C. 2003. Variation and correlation in root yield and
biochemical traits of Safed musli (Chlorophytum borivilianum). J. Med.
Arom PI. Sci., 25: 33-36.

Bhandari, B.S., Mehta, J.P. and Tiwari, S.C. 1995. Vegetation structure under
different management regimes in a grazingland at Srinagar Garhwal. J.

Hill Res., 8: 39-46.
iii|Page



Bhandari, B.S., Mehta, J.P., Nautiyal, B.P. and Tiwari, S.C. 1997. Structure of a
Chir Pine (Pinus roxburghii Sarg) community along an altitudinal
gradient in Garhwal Himalayas. Int. J. Ecol. Environ. Sci., 23: 67-74.

Bhandari, B.S., Nautiyal, D.C. and Gaur, R.D. 1999. Structural attributes and
productivity potential of an alpine pasture of Garhwal Himalaya. J. Ind.
Bot. Soc., 78: 321-329.

Bhatt, A., Rawal, R.S. and Dhar, U. 2005 Germination improvement in Swertia
angustifolia: A high value medicinal plant of Himalaya. Curr. Sci.,
89:1008-1012.

Bhatt, A., Rawal, R.S. and Dhar, U. 2006. Ecological features of a critically rare
medicinal plant, Swertia chirayita, in Himalaya. PI. Sp. Bio., 21: 49-52.

Bhatt, R. M. and Purohit, A. N. 1984. Morphophysiological behavior of two
Anaphalis species from contrasting environments along an altitudinal
gradient. Ind. J. PI. Physiol. 27: 130-137.

Bisht, P.S. and Kediyal, V.K. 1995. Effect of chemical treatments on germination
and survival of the seedlings in Atropa belladonna L. Ind. J. For. 18:
208-210.

Bunawan, H., Talip, N. and Noor, N.M. 2011. Foliar anatomy and micromorphology
of Polygonum minus Huds. and their taxonomic implications. Aust. J.
Crop Sci., 5:123-127.

Burton, G. A. and Devane, E. H. 1953. Estimation of heritability in tall fescue

(Festuca arundinacea) from replicated clonal materials. Agron. J.

45:478-479.

Burton, G.W. 1952. Quantitative inheritance in grasses. In: Henry, A. (ed.).
Proceedings of Sixth International Grassland Congress, 15-16 May,
1951 Manilla, Philipines, pp 277-283.

Butola, J.S. and Badola, H.K. 2004. Seed germination improvement using chemicals
in Heracleum candicans Wall, a threatened medicinal herb of
Himalaya. Ind. For., 130:565-572.

Cali, 1. O. 2014. An anatomical study of medicinal species Ajuga orientalis L.
(Lamiaceae) from Turkey. J. Med. PI. Res. 8: 331-338,

Campbell, R.K. and Sorensen, F.C. 1984. Genetic Implications of Nursery

Practices. In: Duryea M.L., Landis T.D., Perry C.R. (eds) Forestry
iv|Page



Nursery Manual: Production of Bareroot Seedlings. Forestry
Sciences, vol 11. Springer, Dordrecht.

Cantino, P.O. 1990. The phylogenetic significance of stomata and trichomes in the
Labiatae and VVerbanaceae. J. Arn.. Arbor. 71: 323-370.

Chae, S., Kang, K.A., Kim, J.S., Hyun, J.W. and Kang S.S. 2006. Trichotomoside: a
new antioxidative phenylpropanoid glycoside from Clerodendron
trichotomum. Chem. Biodiv., 3:41-48.

Chae, S., Kim, J. S., Kang, K. A, Bu, H. D., Lee, Y., Hyun, J. W. and Kang, S. S.
2004. Antioxidant activity of jionoside D from Clerodendron
trichotomum. Biol. Pharm.Bull., 27:1504-1508.

Champion, H. G. and Seth, S. K. 1968. A Revised Survey of Forest Types of India,
Govt. of India Press, New Delhi, p. 404.

Charles, L.W., Harban, L., Bhardwaj, and Venito, K. B. 2002. Kenaf production:
fiber, feed and seed. p. 104. In: Janick, J. and Whipkey (eds.) Trends in
new crops and new uses: ASHS Press.

Chaudhary, D. K., Kaul, B. L. and Khan, S. 1996. Breaking seed dormancy of
Podophylllum hexandrum Royle ex Camb. (Syn. P. emodi Wall.ex
Honigberger). J. Non Timber Forest Prod. 3:10-12.

Chauhan, R.S and Nautiyal, M.C. 2005. Commercial viability of cultivation of an
endangered medicinal herb Nardostachys jatamansi at three different
agroclimatic zones. Curr. Sci.. 89: 1481-1488.

Chauhan, R.S. and Nautiyal, M.C. 2006. Survival of Nardostacys jatanmansi DC.-
an endangered medicinal herb at three different altitudes. Indian J. PI.
Physiol. 11: 273-280.

Chauhan, R.S. and Nautiyal, M.C. 2007. Seed germination and seed storage
behaviour of Nardostachys jatamansi DC.: an endangered medicinal
herb of high-altitude Himalaya. Curr. Sci., 92: 1620-1624.

Chen, S.Y., Kuo, S.R. and Chien, C.T. 2007. Storage behaviour of seeds
of Cinnamomum osmophloeum and Neolitsea aciculata var. variabillima
(Lauraceae). Seed Science and Technology. 35 :237-243.

Cheng, H. H., Wang, H. K., Ito, J., Bastow, K. F., Tachibana, Y., Nakanishi, Y. and
Lee, K. H. 2001. Cytotoxic Pheophorbide-Related Compounds from

v|Page



Clerodendrum calamitosum and C. cyrtophyllum. J. Nat. Prod., 64: 915-
919.

Chin, H. F. 1989. Storage of recalcitrant seeds: past, present and future. Tropical
Tree Seed Research: 21-24.

Chitra, R. and Rajamiani, K. 2010. Character association and path analysis in glory
lily (Gloriosa superba L.). Biometry and Crop Sci., 5: 78-82.

Choi, J. H., Whang, W. K. and Kim, H. J. 2004. Studies on the anti-inflammatory
effects of Clerodendron trichotomum Thunberg leaves. Arch. Pharm.
Res. 27:189-193.

Cirak, C., Saglam, B., Ayan, A.K. and Kevseroglu, K. 2006. Morphogenetic and
diurnal variation of hypericin in some Hypericum species from Turkey
during the course of ontogenesis. Biochem. Syst. Eco., 34:1-13.

Clausen, J. D., Keck, D. and Hiesey, W.M. 1948. Experiment Studies on the Nature
of Species Ill.Environmental responses of climatic races of Achillea.
Carnegie Institute of Washington, Publ. No. 581.

Curtis, J.J. and Mclintosh, R.P. 1950. The interrelations of certain analytic and

synthetic phytosociological characters. Ecol. 31:434-455.

Curtis, J.T. and Cottom G. 1956. The use of distance measure in phytosociological

sampling. Ecol. 37:151-160.

Cutler, D.F., Botha, C.E.J. and Stevenson, D. 2008. Plant anatomy: An Applied
Approach. Wiley-Blackwell Publishing, Oxford, 302.
Czabator, F.J. 1962. Germination values an index combining speed and

completeness of pine seed germination. For. Sci. 8:386-396.

Dabholkar, A.R. 1992. Elements of biometrical genetics. South Asia Books
Publications, New Delhi. 431.

Dalkani, M., Darvishzadeh, R. and Hassani, A. 2011. Correlation and sequential path
analysis in Ajowan (Carum copticum L.), J. Med. PI. Res., 5: 211-216.

Dalkani, M., Hassani, A. and Darvishzadeh, R. 2012. Determination of the genetic
variation in Ajowan (Carum Copticum L.) populations using

multivariate statistical techniques. Revista Ciéncia Agron., 43: 698-705.

vi|]Page



Dangasuk, O.G., Gudu, S. and Okalebo, J.R. 2001. Early growth performance of
sixteen populations of Faidherbia albida in Semi-Arid Baringo district of
Kenya. In: D.E. Stott, R.H. Mohtar and G.C. Steinhardt (eds). Sustaining
the Global Farm. Selected papers from the 10th International Soil
Conservation Organization Meeting. Purdue University and the USDA-
ARS National Soil Erosion Research Laboratory. May 24-29, 1999. pp.
412-418.

Dangasuk, O.G., Seurei, P and Gudu, S. 1997. Genetic variation in seed and seedling
traits in 12 African provenances of Faidherbia albida (Del.) A. Chev. at
Lodwar, Kenya. Agrofor. Syst. 37: 133-141.

Deb P., Sundriyal, R. C. and Umashankar, 2011.Tree diversity and population in a
lowland tropical rain forest in the eastern Himalaya, India. Ind. For.,
137: 992 - 1004

Dell Aquilla, A. 1987. Mean germination time as a monitor of the seed aging. Plant
Physiol. & Biochem. 25: 761 -768.

Desai, B.B., Kotecha, P.M. and Salunkhe, D.K. 1997. Seeds Handbook. Marcel
Dekker, Inc, New York.

Dewey, D.R. and Lu, K.H. 1959. A correlation and path coefficient analysis of
components of crested wheat grass seed production. Agron. J., 57: 515-
518.

Dharmbheer, Sood, Aziem, S., Igbal, K., Hussain, A. and Mahato, S. 2016. Effect of
different growing media on seed germination and growth parameters of
Angelica glauca Edgew. Ind.For., 142: 1093-1099.

Dhyani, A., Phartyal, S.S., Nautiyal, B.P. and Nautiyal, M.C. 2013. Epicotyl
morphophysiological dormancy in seeds of Lilium polyphyllum
(Liliaceae). J. Biosci., 38:13-109.

Dobrovi, 1., Safner, T., Jelaska, S.D. and Nikoli, T. 2006. Ecological and
phytosociological  characteristics of the association  Abieti-
Fagetumpannonicum Raus 1969 prov. on Mt. Medvednica (NW Croatia)
Acta Bot. Croat., 65: 41-55.

Dorman, K. W. 1976. The genetics and breeding of southern pines. U.S. Department
of Agriculture Forest Service Agriculture handbook No. 471, pp- 407.

vii|Page



Dubey, R. B. 2010. Genetic variability, correlation and path analysis in ashwagandha
(Withania somnifera). J. Med. Arom.Pl.Sci., 32: 202-205.

Dusek, K., Galambosi, B., Hethelyi, E.B., Korany, K. and Karlova, K. 2007.
Morphological and chemical variations of sweet flag (Acorus calamus
L.) in the Czech and Finnish gene bank collection. Hort. Sci., 34:17-25.

Edwards, C. A. and Mumford, P. M. 1985. Effect of drying methods on the
behaviour of sour orange seeds. Seed Sci. Technol. 13:227-234.

Elena G., Gergana K., and Yundina B. 1997. Study on the Germination of Atropa
Bella-Donna L. seeds. Bulg. J. Plant Physiol., 23(1-2):61-66.

Ejieji, C.J. and Adeniran, K.A. 2010. Effects of water and fertilizer stress on the
yield, fresh and dry matter production of grain Amaranth (Amaranthus
cruentus). Austr. J. Agril. Eng., 1: 18 — 24.

Ekta, S. and Singh, M. P. 2010. Biodiversity and Phytosociological Analysis of
Plants around the Municipal Drains in Jaunpur. Int. J. Agril. Bios. Eng.
4:84-89.

Elkamali, H.H., Eltahir, A.S., Yousif, 1.S., Khalid, A.M.H. and Elneel, E.A. 2016
Comparative anatomical study of the stems and leaflets of Tribulus
longipetalous, T. pentandrus and T. terrestris (Zygophyllaceae). Open
Access Library Journal, 3: e2810.
http://dx.doi.org/10.4236/0alib.1102810.

Ellis, R.H. and Roberts, E.H. 1981. The quantification of ageing of survival in

orthodox seed. Seed Sci. Tech., 9:373-4009.

Fahn, A. 1990. Plant Anatomy. Fifth edn. Pergmon press. New York.

Falconer, D.S. 1989. Introduction to Quantitative Genetics, Longman Group
Limited, England. Pp. 464.

Falk, D.A. and Holsinger, K.E. 1991. Genetics and Conservation of Rare Plants.
Oxford University Press, New York.

Ferdousi, A., Rahman, M. O. and Hassan, M. A. 2014. Seed germination behaviour
of six Medicinal Plants from Bangladesh . Bang. J. Plant Taxon. 21: 71-
76.

Fisher, R.A and Yates, F. 1963. Statistical Tables for Biological, Agricultural and
Medical Research. 6th ed. Oliver and Boyd, Londan 46-63.

viii|Page


http://dx.doi.org/10.4236/oalib.1102810

Florence, A.R. and Domettila, C. 2016. Anatomical studies on leaf and stem of
Gmelina asiatica L.: An ethnomedicinal important plant. J. Pharm.
Phytochem. 5: 115-119.

Foster, G.S. and Shaw, D.V. 1988. Using clonal replicates to explore genetic
variation in perennial plant species. TAG Theor. Appl. Genet., 76: 788-
794.

Ganapaty, S. and Rao, D.V. 1985. Triterpenoids of the stem bark of Cleodendron
nerifolium. Ind. J. Pharm. Sci. 47:167-168.

Gelmond, H. 1978. Physiological aspect of seed germination. Agricultural Research
Organization.Volcani Center PO Box 6, Bet Dagan, Israel.

Genova, E., Komitska, G. and Beeva, Y. 1997. Study on the germination of Atropa
belladonna L. seeds. Bulg. J. Plant Physiol. 23: 61-66.

Godbharle, A.R., More, A.W. and Ambekar, S.S. 2010. Genetic variability and
correlation studies in elite ‘B’ and ‘R’ lines in kharif sorghum. Elec. J.
PI. Breed., 1: 989-93.

Gomez, K.A and Gomez, A.A. 1983. Statistical Procedures for Agricultural
Research. John Wiley and Sons Inc. New York. 357- 427.

Gopal, N. and Sengottuvelu, S. 2008. Hepatoprotective activity of Clerodendrum
inerme against CCl, induced hepatic injury in rats. Fitoterapia, 79:24—
26.

Greig-Smith, P. Quantitative Plant Ecology, 3rd ed.; Blackwell Scientific: Oxford,
UK, 1983.

Gopikumar, K. and Moktan, M.R. 1994. Studies on the effect of plant hormones on
seed germination and growth of tree seedlings in the nursery. J. Trop.
For. 10: 45-51.

Gupta, H.C., Kumar, S. and Rastogi, D. P. 2001. Comparative morpho-histological
studies on two Jalapas. In Maheshwari, J.K. and Jain, A.P. (Eds.) Recent
Researches in Plant Anatomy and Morphology. Scientific Publishers
(India), Jodhpur.

Hailu, H. 2017. Analysis of Vegetation Phytosociological Characteristics and Soil
Physico-Chemical Conditions in Harishin Rangelands of Eastern
Ethiopia. Land, 6, doi:10.3390/land6010004.

ix|Page



Hallauer, A. R. and Miranda, J. B. 1982. Quantitative Genetics in Maize Breeding.
IOWA State University Press, Ames, IOWA.

Hamann, A. 2004. Flowering and fruiting phenology of a Philippine submontane
rain forest: climatic factors as proximate and ultimate causes. J. Ecol.,
92: 24-31.

Harrington, J. F. 1972. Seed storage and longevity In: Kozlowaski, T. T. 9ed.). Seed
Biology, Vol.3, 145-245., Academic Press, New York.

Hegde, R. and Verghese, M. 2008. Genetic divergence analysis in Eucalyptus
camaldulensis Dehnh. Ind.J. For., 3: 61-66.

Hennekens, S. M. and Schaminée, J. H. 2001. Turboveg, a comprehensive data base
management system for vegetation data. J. Veget. Sci., 12: 589-591.

Hitendra, P., Nidhi C., Porwal, M. C. and Roy, P. S. 2004. Phytosociological
observations on tree species diversity of Andaman Islands, India. Curr.
Sci., 87: 799-806.

Hossain, M.K. 2004. Growth and development of Dalbergia sissoo seedlings grown
wider different combinations of porting media. Chittagong University
Studies-Science, 19: 259-264.

Hsiao, J.Y. and Lin, M.L. 1995. A chemotaxonomic study of essential oils from the
leaves of genus Clerodendrum (Verbenaceae) native to Taiwan. Bot.
Bull. Acad. Sin.36: 247-251.

Ibrahim, A.M. 1996. Genetic variation in Faidherbia albida: implications for
conservation of genetic resources and tree improvement. Ph.D. Thesis,
University of Helsinki. pp. 86.

Ibrahim, A.M., Fagg, C.W. and Harris, S.A. 1997. Seed and seedling variation
amongst provenances in Faidherbia albida. For. Ecol. Manag. 97: 197—
205.

Idu, M., Erhabor, J.O. and Odia, E.A.. 2009. Morphological and Anatomical Studies
of the Leaf and Stem of Some Medicinal Plants: Stachytarpheta
jamaicensis (L.) Vahl. and S. cayennensis (L.C.Rich) Schau. Ethnobot.
Leaflets 13:1417-25.

Inamdar, J. A. 1969. Epidermal Structure and Ontogeny of Stomata in some

Verbenaceae. Ann. Bot. 33; 55-66.

Xx|Page



International Seed Testing Association 1999. International rules for seed testing.

Rules 1999. Determination of Moisture content. Seed Sci. Technol.

27:47-50.

Ismail, M., Ismail and Alawia, A. and Elawad, A. 2015. Phytosociological Analysis
and Species Diversity of Herbaceous Layer in Rashad and Alabassia
Localities, South Kordofan State, Sudan. Jord. J. Biol. Sci. 8: 151-157.

IUCN, 1993. Draft IUCN Red List Categories, Gland, Switzerland.

Jat, R.D. 1993. Study on variability and micropropagation in Safed musali
(Chlorophytum borivilianum). M.Sc. thesis, submitted to College of
Agriculture, Rajasthan Agricultural University, Udaipur, Rajasthan.

Jensen, R.J. 2003. The conundrum of morphometrics. Tax-on.52:663-671.
https://doi.org/10.2307/3647340.

Johansen, D.A. 1940. Plant Micro technique. Mc Graw-Hill, New York, US, 126-
154,

Johnson, H. W.; Robinson, H. F. and Comstock, R. E. 1955. Estimates of genetic an
environmental variability in soybeans. Agron.J., 47: 314-318.

Joiner, J.N. and Nell, T.A. 1982. Firedmontmalillonite clay as a propagation and
hydroponic growing medium. Proceedings of the Florida State
Horticulture Society, 93: 214-215.

Joshi, M. and Dhar, U. 2003. Effect of various presowing treatments on seed
germination of Heracleum candicans Wall. ex DC: A high value
medicinal plant. Seed Sci. Technol. 31:737-743.

Joshi, N.K. and Tiwari, S.C. 1990. Phytosociological analysis of woody vegetation
along an altitudinal gradient in Garhwal. Ind. J. For., 13: 322-328.

Kala, C. P. 2000. Status and conservation of rare and endangered medicinal plants in the
Indian trans-Himalaya. Biol. Conserv., 93:371-379.

Kala, C. P. 2005. Indigenous uses, population density, and conservation of
threatened medicinal plants in protected areas of the Indian Himalayas.
Conserv. Biol., 19: 368-378.

Kandalkar, V. S.; Patidar, H. and Nigam, K. B. 1993. Genotypic association and path
coefficient analysis in ashwagandha (Withania somnifera). Ind.J. Genet.
Pl. Breed., 53: 257-260.

xi|Page



Kandari, L.S., Rao, K.S., Chauhan, K., Maikhuri, R. K., Purohit, V.K., Phondani,
P. C. and Saxena, K.G. 2007. Effect of Pre-sowing Treatments on the
seed Germination of two endangered medicinal herbs of the Himalaya
(Angelica glauca Edgew and Pleurospermum angelicoides (Wall. Ex
DC.) Benth. Ex C.B. Clarke). Proc. Ind. Nat. Sci. Acad. 73:11-16.

Kang, D.G., Lee Y.S.,, Kim H.J., Lee Y.M. and Lee H.S. 2003. Angiotensin
converting enzyme inhibitory phenyl propanoid glycosides from
Clerodendron trichotomum. J. Ethnopharm., 89: 151-154.

Kang, M.S., Miller, J.D. and Tai, P.P. 1983. Genetic and phenotypic path analyses
and heritability in sugarcane. Crop Sci., 23: 643-647.

Kaul, M. K. 2010. High altitude botanicals in integrative medicine — case studies
from Northwest Himalaya. Ind. J. Trad. Knowl., 9(1): 18-25.

Kaul, M. L. H. and Bahu, A. K. 1974. Studies on some genetic parameters of rice
(Oryza sativa L.). Theor. Appl. Genet., 44: 178-183.

Kendrik, R.E. and Frankland, B. 1969. Photocontrol of germination in Amaranthus
caudatus, Planta 85:326-329.

Kereszty, Z. 1994. SEM analysis on the leaf epidermis of' the Cuban Clelrodendrum
taxa (Verbenaceae). Acta Bot..Hungaria., 38: 353- 368.

Kershaw, K.A. 1973. Quantitative and Dynamic Plant-Ecology. 3rd Edn., ELBS and
Edward Arnold Ltd, London, 308 pp.

Ketjarun, K., Staples, G.W., Swangpol, S.C. and Traiperm, P. 2016.
Micro-morphological study of Evolvulus spp. (Convolvulaceae): the old
world medicinal plants. Bot. Stud. 57: 25.

Khurana, P. 2009. Phytosociological studies of woody vegetation of Hastinapur. Ind.
For., 135: 970-980.

Kim, D., Kim J., Park Jin-Hwa, Ewane B. E. and Lee, D. 2016. Correlation between
above-ground and below-ground biomass of 13-year-old Pinus
densiflora planted in a post-fire area in Samcheok, For. Sci. Tech. 12:3,
115-124.

Kim, H.J., Woo, E.R., Shin, C.G., Hwang, D.J., Park,H. and Lee,Y.S.,2001. HIV-
lintegrase inhibtory phenylpropanoid glycosides from Clerodendron
trichotomum. Arch. Pharm Res., 24:286-291.

xii|Page



Kitchen, S.G. and Monsen, S.B. 2001. Forage kochia seed germination response to
storage time and temperature. J. Range Manage. 54: 299-306.

Korner, C. 1999. Alpine Plant Life: Functional Plant Ecology of High Mountain
Ecosystem. Springer-Verlag.

Korner, C.M., Neumayer, S., Reidl, M. and Scheel, A.S. 1989. Functional
morphology of mountain plants. Flora, 182: 353-383.

Kour, K. and Sharma, S. 2012. Diversity and Phytosociological Analysis of Tree
Species in Sacred Groves of Vijaypur Block, Samba (J&K). Int. J. Sci.
Res. 3:859-862.

Krishnan, N., Jeyachandran, A. and Nagendran, N. 2000. Effect of seasonal and
altitudinal variations on growth performance of Acalypha indica Linn :
In algar hills (Eastern Ghats), South India. Trop. Ecol., 41: 41-45.

Kubsad, V. S.; Palled, Y. B.; Mansur, C. P. and Alagundagi, S. C. 2009. Correlation
and Path Coefficient Analysis in Ashwagandha (Withania somnifera
Dunal). Madras Agric. J., 96 : 314-315.

Kukade, S.A. and Tidke, J. 2013. Studies on pollination and reproductive biology of
Pongamia pinnata L. (Fabaceae). Indian J. Fund. Appl. Life Sci. 3:149-
155.

Kumar, A. and Purohit, S.S. 2001. Plant physiology, Fundamentals and
Applications. Agrobios, India.

Kumar, A. Tripathi, B. and Singh, G. 2012. Tree & shrub diversity in degraded hills
Pali district, Rajasthan, India. Ind. for., 138: 107-111.

Kumar, B., Verma, A. K., Singh, H. P., Mishra, H.O. and Karla, A. 2007.
Correlation and path coefficients analysis in  Chlorophytum
borivilianum. J. Trop. Med. Plants., 8: 286-290.

Kumar, R.R., Reddy, P.A.L.; Kumar, V.J.; Komaraiah, K.; Purnanand, S. and Sastry,
K. P. 2011. Multivariate analysis and genetic diversity for morphometric
and root textural quality traits in ashwagandha (Withania somnifera
Dunal). Indust. Crop Prod. 35: 199-202.

Kumar, R.V., Tripathi Y.K., Izhaki 1., Yadav V.P. and Ahlawat S.P. 2008. Intra-
specific variation and interrelationships between morphology, nutritional
content and enzymatic activity of Jatropha curcus L. Curr. Sci., 95: 52-
55.

xiii|Page



Kumari, G. and Wani, M. A. 2017. Genetic Variability in Thirty half-sib families of
Diospyros melanoxylon (Roxb.). Int. J. Eng. Technol. Sci. Res., 4: 314-
319.

Kumari, G.N.K., Balachandran, J., Aravind, S. and Ganesh, M.R. 2003. Antifeedant
and growth inhibitory effects of some neo-clerodane diterpenoids
isolated from Clerodendron species (Verbenaceae) on Earias vitella and
Spodoptera litura. J. Agril. Food Chem., 51:1555-1559.

Kunhikannan, C., Verma, R.K., Verma, R.J., Khatri, P.K. and Totey, N.G.
1998. Ground flora, soil micro-flora and fauna diversity under plantation
ecosystem on bhata land of Bilaspur, Madhya Pradesh. Environ. Ecol.,
16: 539-548.

Kuniyal, C.P., Bhadula, S.K. and Prasad, P. 2002. Morphological and biochemical
variations among the natural populations of Aconitum atrox(Bruhl) Muk.
(Ranunculaceae). J. Plant Biol., 29: 91-96.

Kuniyal, C.P., Bhadula, S.K. and Prasad, P. 2003. Flowering, seed characteristics
and seed germination behaviour in the populations of a threatened
herb Aconitum atrox (Bruhl) Muh. (Ranunculaceae). Ind. J. Environ.
Sci., 7: 29-36.

Lalramnghinglova, H. 2003. Ethnomedicinal Plants of Mizoram. Bishen Singh
Mahendra Pal Singh Publication, Dehra Dun, India.

Ledig, F.T. (1986). Heterozygosity, heterosis and fitness in outbreeding plants. In:
Soule, M.E. (ed.) Conservation biology, The Science of Scarcity and
Diversity.Sinauer Associates, Sunderland, Massachusetts.

Leopold, A.C. 1983. Volumetric components of seed imbibitions. Plant Physiol. 73:
677-680.

Lersten, N.R. 2004. Flowering plant embryology: with emphasis on economic
species., Ames Blackwell Publishing.

Loha, A., Tigabu, M., Teketay, D., Lundkvist, K. and Fries, A. 2006. Provenance
variation in seed morphometric traits, germination, and seedling growth
of Cordia africana Lam. New Forests 32: 71-86.

Lumbu, S. and Hootele, C. 1993. Buchnerine and N1-(Z)-p-methoxycinnamoyl-

buchnerine, two new macrocyclic alkaloids from Clerocendrum

xiv|Page



buchneri. J. Nat. Prod., 56:1418-1420.

Lykkegaard, J. 2006. Lilium lijiangense. The lily yearbook of North American Lily
Society. p96.

Lynn, D.E. and Waldren, A. 2001. Morphological variation in population
of Ranunculus repens from temporary lime stone lake (Turlough) in the
west of Ireland. Ann. Bot., 87: 9-17.

Maguire, J.D. 1962. Speed of germination aid in selection and evaluation for
seedling emergence and vigour. Crop Sci., 2:176-177.

Malsawmkimi, M. Chinlampianga and S. Joseph. 2013. Genetic variability in Clove
Bean (Ipomoea muricata (I.) jacq.). In: Hazarika, T.K. and Nautiyal B.P.
(eds). Horticulture for Economic Prosperity and Nutritional Security in
21st Century. Westville Publishers, New Delhi. pp. 406-4009.

Mandal, J. and Joshi, S.P. 2014. Analysis of vegetation dynamics and
phytodiversity from three dry deciduous forests of Doon Valley,
Western Himalaya, India. J. Asia Pac. Biodivers., 7: 292-304.

Manh, V.H. and Wang, C.H. 2014. Vermicompost as an Important Component in
Substrate: Effects on Seedling Quality and Growth of Muskmelon
(Cucumis melo L.). APCBEE Procedia, 8: 32 — 40.

Manjkhola, S., Dhar, U. and Rawal, R. S. 2003. Treatments to improve seed
germination of Arnebia benthamii: an endangered medicinal herb of
high altitude Himalaya. Seed Sci Technol. 31:571-577.

Manjunatha, B. K. Krishana, V. and Nagaraja, 2001. Analysis of vegetation pattern
in Lakkavalli reserve forest Western Ghats, India. Env. Biol. 19: 943-
955.

Matin, M.A. and Khan, M.N.I. 2000. Growth performance of seven species of
Albizia seedlings at nursery stage in Bangladesh. Khulna University
Studies. 1: 272-282.

Mayer, A.M. and Poljakoff-Mayber, A . 1982. The germination of seeds . 3rd ed.,
Pergamon Press, London, pp. 37—43.

Mehalaine, S., Menasria, T., Bouguessa, S., Yahia, A. 2017. In vitro seed
germination of some Algerian medicinal plants and the effect of
Gibberellic acid (GA3) on breaking dormancy. 8: 2034-2039.

Xxv|Page



Meng, 1.D., Quanquan, J. , Guang Z., Hua Z., Qijing L., and Jian Y. 2018. Fine Root
Biomass and Its Relationship with Aboveground Traits of Larix gmelinii
trees in  Northeastern China Shengwang. Forests, 9: 35
d0i:10.3390/f9010035

Metacalfe, C. R. and Chalk, L. 1979. Anatomy of the Dictyledons Vol. I Second
edition, Clarendon press. Oxford.

Metcalfe, C.R. 1979. The leaf: general topography and ontogeny of the tissues. In:
Anatomy of the dicotyledons, (eds) C.R. Metcalfe & L. Chalk. 2nd edn.
Vol. I: 63-75, 206. Clarendon Press, Oxford.

Metcalfe, C.R. and Chalk, L. 1950. Anatomy of the Dicotyledons: Leaves, Stem and
Wood in Relation to Taxonomy with Notes on Economic Uses. Oxford:
Oxford Clarendon Press, v. 1. 1500 p.

Metougui, M. L., Mokhtari, M., Maughan, P. J., Jellen, E.N. and Benlhabib, O.
2017. Morphological Variability, Heritability and Correlation Studies
within an Argan Tree Population (Argania spinosa (L.) Skeels)
preserved in situ. Int. J. Agril. For. 7: 42-51.

Michelle, W. and Bachman, G.R. 2000.Vermicompost and Coir Enhance
Germination of Echinacea purpurea. Southeastern Floriculture, 21-22.

Miller, R.E., McConville, M.J. and Woodrow, I.E. 2006. Cyanogenic glycosides
from the rare Australian endemic rainforest tree Clerodendrum grayi
(Lamiaceae). Phytochem., 67:43-51.

Mishra, R. 1968. Ecology Workbook. Oxford and IBH Publication Co. Kolkata.

Mohammad, S., Ali, N. and Behrooz, E. 2010. Effect of seed priming on germination
and seedling growth of two medicinal plants under salinity. Emir. J.
Food Agric. 22: 130-139.

Mohammed Ali M. E., Elkamali, H.E. and Eltahir, A. S. 2017. Comparative morph-
anatomical studies on selected Sudanese medicinal plants: Part IV.
Abutilon figarianum and Abutilon pannosum leaves. Int. J. Sci. World,
5:168-171.

Moktan, S. and Das, A.P. 2012. Phytosociological characterization of forested
vegetation in the sub-tropical region of Darjiling Himalaya, India.
Pleione 6: 373 — 380.

xvi|Page



Moktan, S. and Das, A.P. 2014. Plant species Richness and Phytosociological

attributes of the Vegetation in the cold temperate zone of Darjiling

Himalaya, India. Int. Res. J. Env. Sci.. 3: 47-57.

Moldenke, H.N. 1971. A Fifth Summary of Verbenaceae, Avicenniaceae,
Stillbaceae, Dicrastylidaceae, Nymphoremaceae, Nyctanthaceae, and
Eriocaneaceae of the Worldas to Valid Taxa, Geographic Distribution
and Synonym, Vol.l. Brawn- Brum field Inc., New Jersey,
Michigan,pp.312-314.

Moore, R. P. 1962. Tetrazolium as a universally acceptable quality test of viable
seed. Proc. Int. Seed Test. Asso.,27: 795-805.

Mubo, A. Sonibare and Osiyemi, O. A. 2012. Morphological and anatomical studies
of two medicinal plants: Harrisonia abyssinica Oliv. (Simaroubaceae)
and Spathodea campanulata P. Beauv. (Bignoniaceae) and their
systematic significance. J. Chem. Pharm. Res., 4:800-807.

Munir, A.A. 1989. A taxonomic revision of the genus Clerodendrum L.
(Verbenaceae) in Australia. J. Adel. Bot. Gard. 11:101-173.

Murugan, R., Shivanna, K. R., and Rao, R. R. 2006. Pollination biology of
Aristolochiatagala, a rare species of medicinal importance. Curr. Sci.,
91: 795-798.

Nadeem, M., Palni, L. M. S., Purohit, A. N., Pandey, H. and Nandi, S.K. 2000.
Propagation and conservation of Podophyllum hexandrum Royle: An
important medicinal herb. Biol. Conserv. 92:121-129.

Nandanwar, H.R., Manivel, P., Patil, A.S., Punewar, A.A. and Saravanan, R. 2017.
Genetic Diversity Studies in Desmodium gangeticum (L.) DC. Int. J.
Curr. Microbiol. App. Sci., 6: 424-429.

Nasir, A. and Wani, A. M. 2014. Estimation of correlation coefficient and effect of
different growth regulators and potting media on survival and growth
parameters of G48 poplar clone. Int. J. Farm Sci. 4: 121-129.

Nasreen, S., Khan, B.R. and Mohmad, A.S. 2000. The effect of storage temperature,
storage period and seed moisture content on seed viability of soya
bean. Pak. J. Biol. Sci.,: 3: 2003-2004.

xvii|Page



Natarajan, K. and Srimathi, P. 2008. Studies on Seed Development and Maturation
in Petunia. J. Agric. Biol. Sci. 4: 585-590.

Nautiyal, B.P. 1996. Studies on Structure and Function in an Alpine Meadow of
Garhwal, North West Himalaya. Ph.D. Thesis, HNB Garhwal
University, Srinagar, Garhwal.

Nautiyal, B.P., Prakash, V. and Nautiyal, M.C. 1999. Structure and diversity pattern
along an altitudinal gradient in an alpine meadow of Madhya
maheshwar, Garhwal Himalaya. Int. J. En. Sci., 4: 39-45.

Nautiyal, B. P., Vinay Parkash, Chauhan R.S., Purohit, H. and Nautiyal M.C. 2001.
Assessment of germinability, productivity and cost benefit analysis of
Picrorhiza kurrooa cultivated at lower altitude. Curr. Sci. 81: 579-585.

Nautiyal, B.P., Vinay, P., Bahuguna, R., Maithani, U., Bisht, H. and Nautiyal, M.C.
2002. Population study for monitoring the status of rarity of three
Aconite species in Garhwal Himalaya. Trop. Ecol. 43: 297-303.

Nautiyal, B. P., Parkash V., Chauhan, R.S. Purohit, H. and Nautiyal, M.C. 2003a.
Germinability, productivity and economic viability of Rheum emodi
cultivated at lower altitude. Curr. Sci., 84: 143-148.

Nautiyal, B.P., Chauhan, R.S., Parkash, V., Purohit, H. and Nautiyal, M..C.
2003b. Population studies for the evaluation of germplasm and threat
status of the alpine medicinal herb, Nardostachys jatamansi. Plant Gen.
Res. Newsl., 138: 34-39.

Nautiyal, M. C. and Purohit, A. N. 2000. Cultivation of Himalayan aconites under
polyhouse conditions. Curr. Sci., 78: 1062-1063.

Nautiyal, M. C., Nautiyal, B. P. and Prakash, V. 2001. Phenology and growth form
distribution in an alpine pasture at Tungnath, Garhwal Himalaya. Mount.
Res. Dev., 21: 177-183.

Nautiyal, M.C., Rawat, A.S. and Bhadula, S.K. 1985. Germination in
two Aconitum species. Seed Res.., 14:133-139.

Negi, G.C.S., Rikhari, H.C. and Singh, S.P. 1992. Phenological features in relation
to growth forms and biomass accumulation in an alpine meadow of the
Central Himalaya. Vegetatio 101: 161-170.

Newton, R. J., Hay, F. R. and Ellis, R. H. 2013. Seed development and maturation in
early spring-flowering Galanthus nivalis and Narcissus pseudonarcissus

xviii |Page



continues post-shedding with little evidence of maturation in
planta. Annals Bot., 111: 945-955.

Odum, E.P. 1963. Ecology. Holt, Rinehart and Winston, New York.

Odum, E.P, 1971. Fundamentals of Ecology. 3rd Edn., W.B. Saunders Co.,
Philadelphia.

Ojala, A. 1985. Seed dormancy and germination in Angelica archangelica subsp.
Archangelica (Apiaceae). Ann. Botan. Fennici. 22:53-62.

Onyekwelua, J.C. and Fayose, O.J. 2007. Effect of storage methods on the
germination and proximate composition of Treculia africana seeds. In:
Proceedings of the International Conference on Agricultural Research
for Development; University of Kassel-Witzenhausen and University of
Gottingen, Tropentag.

Pachuau, R. 1994. Physical Geography of Mizoram: Climate. In: Geography of
Mizoram, R. T. Enterprise, Aizawl, Mizoram, India. Pp 41-54.

Padalia, H., Chauhan, N., Porwal, M. C. and Roy, P. S. 2004. Phytosociological
observations on tree species diversity of Andaman Islands, India.
Current Science, 87: 799-806.

Pande, P.K., Negi, J.D.S. and Sharma, S.C. 1996. Plant species diversity and
vegetation analysis in moist temperate Himalayan forests. Proceeings of
Abstract First Indian Ecological Congress, 1996, New Delhi, pp: 27-31.

Pandey, H., Nandi, S. K., Nadeem, M. and Palni, L.M.S. 2000. Chemical stimulation
of seed germination in Aconitum heterophyllum Wall. and A.
balfourii Stapf.: important Himalayan species of medicinal value. Seed
Sci. Technol. 28: 39-48.

Pandey, R., Verma, R.K. and Gupta, M.M. 2005. Neo-clerodane diterpenoids from
Clerodendrum inerme. Phytochem., 66: 643-648.

Pandey, S. and Nagar, P.K. 2002. Leaf surface wetness and morphological
characteristics of Valeriana jatamansi grown under open and shade
habitats. Biol. Plant. 45:291-294.

Pandey, S. and Well, M. P. 1997. Eco Development planning at India's Great
Himalayan National Park for biodiversity conservation and participatory
rural development. Biodiv.Conserv. 6:1277-1292.

Xix|Page


https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Seed+Science+and+Technology%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Seed+Science+and+Technology%22

Pangtey Y.P.S. and Samant S.S. 1988. Observation on the threatened, rare and
endangered flowering plants and ferns in the flora of Kumaun Himalaya,

Advances in Forestry Research in India. 3:65-74.

Panse, V G. 1957. Genetics of quantitative characters in relation to plant breeding.
Ind. J. Genet. PI. Breed. 17: 318-328.

Park, K.W. 1994. A taxonomy study of the Magnoliaceae [J]. Res. For. Res. Inst.
50:173-190.

Park, M.A. and Kim, H.J., 2007. Anti-inflammatory constituents isolated from
Clerodendron trichotomum Tunberg leaves (CTL) inhibits pro-
inflammatory gene expression in LPS-stimulated RAW 264.7
macrophages by suppressing NF-kappa B activation. Arch. Phar. Res.,
30:755-760.

Parthasarathy, N. and Karthikeyan, R. 1997. Biodiversity and population density of
woody species in a tropical evergreen forest in Courtallum reserve
forest, Western Ghats, India. Trop. Ecol. 38: 297-306.

Patil, M. G. 2001. A Study on Genetic Variability in Fenugreek. (Trigonella foenum
graecum L.) M.Sc Agri. (Hort.) Thesis submitted to Jawaharlal Nehru
Krishi Vishwa Vidyalaya, Jabalpur, M.P.India.

Patil, M. J. G., Ahire, M. L. and Nikam, T. D. 2012. Influence of Plant Growth
Regulators on in Vitro Seed Germination and Seedling Development of
Digitalis purpureaL. Asian Austr. J. PI. Sci. Biotech.6: 12-18.

Paul, S. B., Mazumder, A. H., Gogoi, H. K., Gogoi, B. J., Chaurasia, A. K., Singh,
L. and Srivastava, R. B. 2010. Evaluation of In vitro Antioxidant
Activity of Some Plants of Cachar District, Assam. Pharm. J., 2(9): 289-

292.

Perveen, A., Rasool, S.G. and Hussain, 1. 2008. Plant biodiversity and
phytosociological attributes of Dureji, Pakisthan. Pak. J. Bot; Vol. 40:
17 - 24.

Piechowski, D. and Gottsberger, G. 2009. Flower and fruit development of Parkia
pendula (Fabaceae, Mimosoideae). Acta Bot. Bras. 23:1162-1166.

xx|Page



Pigliucci, M., Dhorio, P. and Schlichting, C.D. 1997. Phenotypic plasticity of
growth trajectories in two species of Lobelia in response to nutrient
availability. J. Ecol., 85: 265-276.

Pradhan, B.K. and Badola, H.K. 2008. Seed germination response of populations
of Swertia chirayita following periodical storage. Seed Technol., 30: 63—
69.

Prakash, V., Bisht, H. and Nautiyal, M.C. 2011. Seed germination enhancement in
high altitude medicinal plants of Garhwal Himalaya by some pre-sowing
treatments. Res.J. Seed Sci. 4: 199-205.

Prakash, V.; Bisht, H., Nautiyal, B.P., Chauhan, R.S., Purohit, H., Vashistha, R.,
Nautiyal, M. C., and Nautiyal, A.R. 2005. Effect of storage conditions
on geminability of seeds of some alpine medicinal plant species. Seed
Res. 33: 165-168.

Purohit, M.C., Bahuguna, R, Maithani, U.C., Purohit, ANN. and Rawat, M.S.M.
1999. Variation in podphylloresin and podophyllotoxin contents in
different populations of Podophyllum hexandrum. Curr. Sci., 77: 1078-
1080.

Purohit, H., Nautiyal, B.P. and Nautiyal, M.C. 2008. Inter-population Variation
in Picrorhiza kurrooa Royle ex Benth-Step Towards Identifying Genetic
Variability and Elite Strains for Crop Improvement Study. American
Journal of PI. Physiol. 3: 154 — 164.

Qaderi, M. M. and Cavers, P. B. 2000. Inter-population variation in germination
response of Scotch thistle, Onopordum acanthium L., to various
concentrations of GA3, KNO3 and NaHCIO;. Can. J. Bot. 78:1156—
1163.

Raghu, A.V., Mohanan, K.V., Balachandran I., Radhakrishnan, V.V. and Hrideek,
T.K. 2011. Morphological and phytochemical variability of different
accessions of Gmelina arborea. Gregor Mendel Foundation Proc.,2011
: 25-29.

Rahman, M.A., Hossain, M..D., Islam, M.S., Biswas, D.K. and Ahiduzzaman, K.
2002. Genetic Variability, Heritability and Path Analysis in Snake
Gourd (Trichosanthes anguina L.). Pak. J. Biol. Sci., 5: 284-286.

xxi| Page


https://scialert.net/asci/author.php?author=H.&last=Purohit
https://scialert.net/asci/author.php?author=B.P.&last=Nautiyal
https://scialert.net/asci/author.php?author=M.C.&last=Nautiyal

Rajagopal, C. and Kandhasamy, R. 2009. Genetic Variability, Heritability and
Scope of Improvement for Yield Components in Glory Lily (Gloriosa
superba L.). Int. J. PI. Breed. 3: 139-143.

Rajendran, A. and Daniel, P. 2002. Indian verbenaceae. Bishen Singh Mahendra Pal
Singh.

Ramasubbu, R., Chandra Prabha, A. and Kumuthakalavalli, R.. 2012. Seed biology
of Coscinium fenestratum (Gaertn.) Colebr.- a critically endangered
medicinal plant of Western Ghats. J. Med. PI. Res. 6: 1094-1096.

Rameshkumar, J. N. 2013. Genetic Variability, Correlation and Path analysis in
Ashwagandha (Withania somnifera (L.) Dun.). M.Sc. (Agri) thesis,
submitted to the Anand Agricultural University, Gujarat, India.

Ramesh Kumar, R.; Prasanna Anjaneya Reddy, L.; Chinna Subbaiah, J.; Niranjana
Kumar, A.; Nagendra Prasad, H. N. and Balakishan Bhukya, (2011).
Genetic association among root morphology, root Quality and root yield
in ashwagandha (Withania Somnifera). GENETIKA, 43 (3): 617-624

Rao, B.L., Vikas, M., Bhan, M.K. and. Dhar, A.K . 2008. Natural variation and
correlation studies of morphological traits in a population of Curcuma
amada Roxb. J. Trop. Agric. and Fd. Sc. 36: 53-59.

Rao, D., Srinivasa,, Prayaga Murthy, P. and Aniel Kumar, O. 2015. Plant
Biodiversity and Phytosociological Studies on Tree Species diversity of
Khammam District, Telangana State, India. J. Pharm. Sci. Res. 7: 518-
522.

Rawat, R. B. S. and Uniyal, R. C. 2004. National Medicinal Plants Board,
Committed for overall development of the sector. Agrobios.pp.12-17.

Reddy, Sudhakar, C., Ugle, P., Murthi, M. S. R. and Sudhakar, 2008. Quantitative
structure and composition of tropical forest of Mudumalai wild life
sanctuary, Western Ghats, India. Taiwania 53: 150-156.

Reich, P. B., Wright I. J., Cavender-Bares J., Craine J. M., Oleksyn J., Westoby K
M, And Walters M. B. 2003. The Evolution Of Plant Functional
Variation: Traits, Spectra, And Strategies. Int. J. Plant Sci. 164(3
Suppl.):143-164.

Riaz, M., Farooq, J., Sakhawat, G., Mahmood, A., Sadig, M.A. and Yaseen, M.
2013. Genotypic variability for root/shoot parameters under water stress

xxii | Page



in some advanced lines of cotton (Gossypium hirsutum L.). Genet. Mol.
Res.12: 552-561.

Roberts, E.H. 1988. Seed ageing-the genome and its expression. In: Nooden LD,
Leopold AC, editors. Senescence and Ageing in Plants. New York, NY,
USA: Academic Press; pp. 465-598.

Rout, G.R., Sahoo, D.P. and Aparajita, S. 2009. Studies on Inter and intrapopulation
variability of Pongamia pinnata: a bioenergy legume tree. Crop Breed.
Appl. Biotechnol. 9:268-273.

Sahu, S. C., Dhal, N. K., Reddy, C. S., Pattanaikand, C. and Brahamam, M. 2007.
Phytosociological study of tropical dry deciduous forest of Boudh
district, Orrisa, India. Res. J. of For., 1: 66-72.

Samant, S. S., Dhar, U. and Palni, L. M. S. 1998. Medicinal Plants of Indian
Himalaya. Gyanodaya Prakashan.

Samant, S. S., Dhar, U. and Rawal, R.S. 1996. Conservation of rare endangered
Plants: The context of Nanda Devi Biosphere Reserve. In: P.S.
Ramakrishnan (ed.). Conservation and Management of Biological
Resources in Himalaya. Oxford and IBH Publishing Co. Pvt. Ltd., New
Delhi.

Sangwan, O., Ram, A. and Amit, S. 2013. Genetic variability, character association
and path analysis in ashwagandha [Withania somnifera (L.) Dunal]
under rainfed conditions. Res. PI. Biol., 3: 32-36.

Sanz-Cortes, F., Martinez-Calvo, J., Badenes, M. L., Bleiholder, H., Hack, H.,
Llacer, G., and Meier, U. 2002. Phenological growth stages of olive
trees (Oleaeuropaea). Annals Appl. Biol., 140: 151-157.

Sarkar, K. and Nandy, D. R. 1976. Structure and tectonics of Tripura- Mizoram
area, India. GSI Misc. Publication No. 31, Part I, pp 141-145.

Saxena, A.K. and Singh, J.S. 1982. A phytosociological analysis of woody species in
forest communities of a part of Kumaon Himalaya. Vegetatio., 50: 3-22.

Schemske, D.W., Husband B.C., Ruckelshaus M.H., Goodwillie C., Parker .M. and
Bishop 1.G. 1994. Evolutionary approaches to the conservation of rare
and endangered plants. Ecol., 75: 584-606.

xxiii | Page



Schmidt, L.2002. Guide to Handling of Tropical and Subtropical Forest
Seeds.Denmark: Borch Tyrk A/S;. (Dandia Forest Seed Centre).

Semwal, D.P., Saradhi, P.P. Nautiyal, B.P. and Bhatt, A.B. 2007. Current status,
distribution and conservation of rare and endangered medicinal plants of
Kedarnath Wildlife Sanctuary, Central Himalayas, India. Curr. Sci., 92:
1733-1738.

Senthamari, R.; Kirubha, T.S.V. and Gayathri, S. 2011. Pharmacognostical and
Phytochemical Studies on fruits of Catunaregam spinosa Linn. J. Chem.
Pharm. Res., 3: 829-838.

Sevile, R. and Holle, M. 1995. Rescursos GeneticosVegetales. La Molina, Lima,
Peru.

Shabnam, R. and Igbal, T. 2016. Phosphorus use efficiency by wheat plants
that grown inan acidic soil. Braz. J. Sci. Technol. 3:18. DOI
10.1186/s40552-016-0030-7.

Shahid, M. and Joshi, S. P. 2016. Phytosociological assessment & distribution
patterns of tree species in the forests of Doon Valley, Shivalik hills of
lower Himalaya. Trop. PI. Res., 3: 263-271.

Shankar, D. 2006. Medicinal Plants conservation and application of traditional
knowledge of medicinal plants. FRLHT Medicinal Plants Database
(Atree.org).

Sharma, S. N., Sinha, R.K., Sharma, D.K. and Jha, Z. 2009. Assessment of intra-
specific variability at morphological, molecular and biochemical level of
Andrographis paniculata (Kalmegh). Curr. Sci., 96:402-408.

Shen, T., Zhang, J., Yang, W., Yang, M., Zhao, Z., Zhang, Z., Chen, X., Jin, H. and
Wang, Y. 2011. Correlation and path analysis on agronomic traits of
Gentiana rigescens. Hongguo. Yao Za Zhi., 36:1568-1571.

Shi, X.F., Du, D.J., Xie, D.C. and Ran, C.Q. 1993. Studies on the anti-tumor effect of
Clerodendrum bungei Steud. or C. foetidum Bge. Zhongguo Zhong Yao
Za Zhi, 18: 687-690.

Shimono, Y., Watanabe, M., Hirao, A.S., Wada, N. and Kudo, G. 20009.
Morphological and genetic variations of Potentilla matsumurae
(Rosaceae) between fellfield and snowbed populations. Amer. J. Bot.
d0i:10.3732/ajb.0800242.

xxiv|Page



Shu, X., Yang, X. and Yang, Z. 2012. Variation in Seed and Seedling Traits among
Fifteen Chinese Provenances of Magnolia officinalis. Not. Bot. Hortic.
Agrobot. 40:274-283.

Siemens, D.H. and Johnson, C.D. 1995. Number of seeds per pod in three species of
perennial legumes: A compromise between ecological and physiological
constrains. Amer. Midl. Naturalist., 133: 197-205.

Singh, A., Purohit, A.N., Bhadula, S.K. Kuniyal, C.P. and Chandra, S. 1999. Seed
production potential and germination behaviour in the populations of
the Podophyllum hexandrum Royle. J. Plant Biol., 26: 51-57.

Singh, B., Bhatt, BP. And Prasad, P. 2006. Variation in seed and seedling traits of
Celtis australis, a multipurpose tree, in Central Himalaya, India.
Agrofor. Syst. 67:115-122.

Singh, B., Saklani, K.P. and Bhatt, B.P. 2010. Provenance variation in seed and
seedlings attributes of Quercus glauca Thunb. in Garhwal Himalaya,
India. Dendrobiology 63: 59-63.

Singh E. and Singh M. P. 2010. Biodiversity and Phytosociological Analysis of
Plants around the Municipal Drains in Jaunpur. International Journal of
Agricultural and Biosystems Engineering. 84-89.

Singh, G.M., Dodiya, N.S., Joshi, A. and Khatik, C. L. 2017. Variability, Character
Associations and Path Analysis in Ashwagandha (Withania somnifera
(L). Dunal) with Respect to Root Yield and Biochemical Aspects.
Annals Biol. Res., 8: 1-6.

Singh, N. and Kumar, D. 2010. Variability, Heritability and genetic advance in Tulsi
(Ocimum sanctum L.). Asian Sci., 5: 89-92.

Singh, O.P. and Datta, B. 1989. Mophology, physical and physic-chemical properties
of hill soils of Mizoram in relation to altitude. Ind. J. Hill Farm., 2:9-10.

Singh, R. and Shukla, L. N. 2017. Ecological investigation of some selected
medicinal plants with special reference to phytosociologicalaspect in
anpara region of sonebhadra district. Ind. J. Sci. Res. 7: 159-162.

Singh, V.S., Bama, O.P.S. and Sah, V.K. 1995. Influence of seed size and GA;
treatment on the germination and growth of Banj oak (Quercus
leucotrichophora Caums.). Ind. J. For. 18: 66-73.

Xxv|Page



Singhal, R.M. and Soni, S. 1989. Quantitative ecological analysis of some woody
species of Mussoorie Himalayas. Indian For., 115: 327-336.

Sinha, M. K. and Sinha, D. 2013. Phytosociological analysis of vegetation of
baikunthpur, dist-Koria (Chhattisgarh) India. Int. J. Recent Sci. Res.,
4:1533-1537.

Sinha, N.K., Seth, K.K., Pandey, V.B., Dasgupta, B. and Shah, A.H. 1981.
Flavonoids from the flowers of Clerodendron infortunatum. Planta
Medica, 42:296-298.

Sivasubrahmanian, S. and Menon, P. M. 1973. Genotypic and phenotypic variability
in rice. Madras Agril. J., 60: 1093-1096.

Solereder, H. 1908. Systematic Anatomy of the Dicotyledons. Oxford, Clarendon
Press. p. 643.

Some, C. K. and Seetalakashmi, K. K. 1989. Effect of different storage conditions
on the viability of seeds of Bambusa arudinarea. Seed Sci. Technol. 17:
355-360.

Srivastava, A., Gupta, A. K., Shanker, K., Gupta, M.M., Mishra, R. and Lal, R. K.
2017. Genetic variability, associations, and path analysis of chemical
and morphological traits in Indian ginseng [Withania somnifera (L.)
Dunal] for selection of higher yielding genotypes. J. Ginseng Res.,
http://dx.doi.org/ 10.1016/j.jgr.2017.01.014.

Srivastava, L.M. 2002. Plant Growth and Development: Hormones and
Environment. Academic Press, London.

Srivastava, R.C. and Choudhury, R.K. 2008. Species Diversity and Economic
Importance of the Family Verbenaceae in Arunchal Pradesh. Bull. Arun.
For. Res., 24: 1 - 21.

Steane, D.A., Scotland R.W., Mabberley, D.J. and Olmstead, R.G. 1999. Molecular
systematics of Clerodendrum (Lamiaceae): its sequences and total
evidence. Amer. J. Bot., 86: 98-107.

Steane, D.A., Scotland, R.W., Mabberley, D.J., Wagstaff, S.J. and Reeves, P.A.,
Olmstead, R.G., 1997. Phylogenetic relationships of Clerodendrum s.l.
(Lamiaceae) inferred from chloroplast DNA. Syst. Bot. 22:229-243.

Stevens, P.F. 2012. “Verbenaceae”. Angiosperm Phylogeny Website. Retrieved:

Xxvi|Page



September 24, 2013.

Sultana R. S. 2017. Anatomical Characteristics of Stem and Leaf in Euphorbia hirta
L.. Plant, 5: 9-12.

Sundesha, D. L. and Tank, C. J. 2013. Genetic variability, heritability and expected
genetic gain for dry root yield in ashwagandha [Withania somnifera (L.)
Dunal]. Asian J. Hort., 8: 475-477.

Supriya Devi, L. and Yadava, P. S. 2006. Floristic diversity assessment and
vegetation analysis of tropical semi ever green forest of Manipur, India.
Trop.Ecol., 4 : 89-98.

Swarup, V. and Chougule, D. S. 1962. Studies on genetic variability in sorghum. I.
Phenotypic variability and its heritable components in some quantitative
characters towards yield. Indian J. Genet. PI. Breed, 22: 31- 36.

Szczepaniak, M. and E. Cieslak. 2009. Genetic diversity of Melicatrans silvanica
Schur (Poaceae) at its Northern range limit. Acta Biol. Cracov. Series
Bot. 51: 71-82.

Tamilselvi, N., Dhamotharan, R., Krishnamoorthy, P. and Shivakumar. 2011.
Anatomical studies of Indigofera aspalathoides Vahl (Fabaceae). J.
Chem. Pharm. Res., 3:738-746.

Tekin, M. and Eruygur, N. 2016. The structural studies on the medicinal plant
Haplophyllum telephioides. Revista Brasil. de Farmacog. 26: 544-552.

Teli, S. K. 2016. Genetic Variability and Path Analysis in Carrot (Daucus carota L.).
M.Sc Agri. (Hort.) Thesis submitted to Maharana Pratap University of
Agriculture And Technology, Udaipur, Rajasthan.

Temjenmongla, T. and Yadav, A. K. 2005. Anticestodal efficacy of folklore
medicinal plants of Naga tribes in north-east India. Afr. J. Trad. Compl.
Alt. Med. 2: 129-133.

Tewary, D.N. 1994. A Monograph of Dalbergia sissoo Robx. International Book
Distributors, Dehra.Dun, India, pp: 346.

Thakur, M.R. and Choudhary, B. 1965. Inheritance of some quantitative characters
in ridge gourd (Luffa acutangulla). Ind. J. Hort., 22: 185-189.

Thompson, P.A. 1973. Temperature and germination. In: Seed Ecology (Eds. W.
Heydecker).pp 31-58 London Butterworths.

xxvii| Page



Tikariha, A., Shrivastava, A.K. and Patra. S. 2016. Phytosociological Analysis of
weeds in Durg District of Chhattisgarh. IOSR J. Env. Sci. Toxic. Food
Tech. 10: 14-21.

Tiwari, R.K.S. and Dubey, S. 2017. Seed germination improvement in three
important medicinal plant species Abelmoschus moschatus (Medik),
Asparagus racemosus (Willd), and Cassiaangustifolia (Linn). J. Med.

PI. Stud. 5: 243-248.
Tuppad S., Raviraja, G., Shetty, M.S., Hadapad, S. B., Souravi, K. and

Rajasekharan, P.E.. 2017. Variability, heritability and genetic advance
for yield and yield Contributing Characters in Holostemma adakodien-
A vulnerable medicinal plant. Int. J. Curr. Microbiol. App.Sci, 6: 3795-
3800.

Uniyal, S. K., Awasthi, A. and Rawat, G.S. 2002. Current status and distribution of
commercially exploited medicinal and aromatic plants in upper Gori
Valley, Kumaon Himalaya, Uttaranchal. Curr. Sci.. 82:1246-1252.

Vashistha, R. K., Nautiyal, B. P. and Nautiyal, M. C. 2009. Pre-Sowing Treatments
to Improve Seed Germination in Angelica glauca Edgew, an Endangered
Medicinal Herb of the Western Himalayas, J. Herbs, Spices Med. PI,
15:73-85.

Vashistha, R. K., Nautiyal, B. P. and Nautiyal, M. C. 2007. Economic viability of
cultivation of the Himalayan herb Angelica glauca Edgew. at two
different agro climatic zones. Curr. Sci., 93: 1141-114.

Vashistha, R., Nautiyal, B. P. and Nautiyal, M.C. 2006. Conservation status and
morphological variations between populations of Angelica glauca
Edgew. and A. archangelica Linn in Garhwal, Himalaya. Curr. Sci., 91:
1537-1541.

Vashistha., R., Chaturvedi., Ashish., Nautiyal, B. P and Nautiyal, M.C. 2008.
Survival of two important Himalayan herbs Angelica glauca Edgew. and
Angelica archangelica Linn. at two different climatic zones. J. Pl .Biol.,
35:1-9.

Velmurugan, M., Rajamani, K., Paramaguru, P., Gnanam, R. and Bapu, J.R.K. 2009.

Studies on correlation and path analysis in mutants of Coleus (Coleus

xxviii | Page



forskohlii Briq.) for yield and forskolin content in V2M1 generation. J.
Hort. Sci., 4: 63- 67.

Verdcourt, B. 1992. Flora of Tropical East Africa-Verbenaceae. A. A. Balkema,
Rotterdam/Brookfield, Netherlands.

Verma, O. P., Singh, P. V., Singh, K. and Vishwakarma, S. K. 1996. Effect of
packaging material on storability of poppy seeds. Seed Res. 24:57-58.

Vincent, S., Vijay, A.R., Jeevanantham, P. and Saravanan, Ragavan, 2012. In-vitro
and in-vivo antiasthmatic activity of Clerodendrum phlomidis Linn. in
guinea pigs. Int. J. Res. Rev. Phar. Appl. Sci., 2:15-28.

Walck, J.L. and Hidayati, S.N. 2004. Germination ecophysiology of the Western
North  American species Osmorhiza depauperata (Apiaceae):
Implications of preadaptation and phylogenetic niche conservatism in
seed dormancy evolution. Seed Sci. Res. 14: 387-394.

Wallis, T.E. 1985. Textbook of Pharmacognosy, CBS Publishers, Delhi, India, 572-
575.

Wani, T.A., Kitchlu, S., and Ram, G. 2012. Genetic variability studies for
morphological and qualitative attributes among Jatropha curcas L.
accessions grown under subtropical conditions of North India. South Afr.
J. Bot. 79: 102-105.

Warakagoda, P. S. and Subasinghe, S. 2015. Studies on seed germination of
Coscinium fenestratum (Menispermaceae): A threatened medicinal
plant. Int. J. Min. Fr. Med. Arom. Pl., 1: 37-46.

Wei, X.M., Zhu, Q.X., Chen, J.C. and Cheng, D.L. 2000.Two new iridoid glucosides
from Clerodendrum serratum. Chinese Chemical Letters, 11:415-416.

Westwood, M. N. 1979. Temperate Zone Pomology. W. H. Freeman and Co. San

Francisco. 282 p.

Whitford, P.B. 1949. Distribution of woodland plants in relation to succession and
clonal growth. Ecol.., 30:199-288.

Worral, J. 1993. Temperature effects on bud burst and leaf fall in sub-alpine larch. J.
Sust. For. 1: 1-18.

Yaklich, R. W., Vigil, E. L. and Wergin, W. P. 1984. Scanning electron microscopy

of soybean seed coat. Scanning electron microscopy., 3: 991-1000.

xxix | Page



Yang, H., Wang, J., Hou, AJ., Guo, Y.P., Lin, ZW. and Sun, H.D., 2000. New
steroids from Clerodendrum colebrookianum. Fitoterapia, 71:641-648.

Yasmin, G.; Khan, M. A.; Shaheen, N. and Hayat, M. Q. 2009. Micromorphological
investigation of foliar anatomy of genera Aconogonon and Bistorta of
Family Polygonaceae. Int. J. Agric. Biol. 11: 285-2809.

Yonggam, D. 2012. Ethno Medico-Botany of the Mishing Tribe of East Siang
District of Arunachal Pradesh. State Medicinal Plant Board, Arunachal
Pradesh, pp. 1-4.

Zabala, N.Q. 1990. Plantation Silviculture. FAO of the UNO part of projects
BGD/85/011. Field Document No. 19. Roam, ltaly, pp: 236.

Zaller, J.G. 2007. Vermicompost as a substitute for peat in potting media: Effects on
germination, biomass allocation, yields and fruit quality of three tomato
varieties. Sci. Hort., 112:191-199.

Zare, A.R., Solouki, M. M., Omidi, N., lruani, A., Abasabadi, O. and Mahdi Nezad,
N. 2011. Effect of various treatment on seed germination and dormancy
breaking in Ferula assafoetida L. (Assafetida). A threatened medicinal
herb. Trakia J. Sci. 9: 57-61.

Zheng, L., Ruihong, W., Binlong, C. and Chengxin, F. 2013. Analysis of
Morphological Variability, Correlation and Principal Component in a
Cultivated Population of an Important Medicinal Plant, Atractylodes
macrocephala Koidz. (Asteraceae). Life Sci J., 10: 3377-3386.

Zhu, M., Bowery, N.G., Greengrass, P.M. and Phillipson, J.D. 1996. Application of
radioligand receptor binding assays in the search for CNS active
principles from Chinese medicinal plants. J. Ethnopharm., 54:153-164.

Ziblim, A. 1., Agyapong, R. A. and Aikins, T. K. 2015. Assessing the biomass
production and nutritive value of kenaf (Hibiscus cannabinus) at various
stages of growth. UDS Int. J. Dev. 2: 62-36.

XXX |Page



CURRICULUM VITAE OF MR. R. ZOTHANKIMA

Name

Date of Birth
Gender

Marital Status
Nationality
Fathers Name
Mothers Name
Correspondence
Address

Academic

Qualification

Publications

R. Zothankima
23.10.1983
Male
Married
Indian
Mr. R. Lalthanzauva
Mrs. Hrangthiangi
Chawlhhmun, Aizawl, Mizoram
Near Solomon’s Temple
H-No. C-1Vv/66B
M.Sc. (Horticulture, Aromatic & Medicinal Plants),
MzU, Aizawl. Tanhril
B.Sc. ( Lunglei Govt. College) Mizoram
1. Ralte, Zothankima., Hazarika, T. K. and Nautiyal, B.
P. 2018. Seed Behavior of Clerodendrum
colebrokianum Walp., a Vulnerable Medicinal Shrub
of Mizoram, North-East India. Environment &
Ecology 36 (1A): 214—220.

2. Hazarika, T. K., R, Zothankima. and Nautiyal,

B.P. 2016. Economic dynamics of tissue cultured
strawberry (Fragaria x ananassa) under the influence
of integrated plant nutrients in humid sub-tropical hills
of North Eastern India. Indian Journal of Agricultural
Sciences 86 (2): 267-72.

3. Hazarika, T.K., Ralte, Zothankima, Nautiyal, B.P. and
Shukla, A.C. 2015. Influence of bio-fertilizers and bio-
regulators on growth, yield and quality of strawberry
(Fragaria X ananassa) Indian Journal of Agricultural
Sciences 85 (9): 1201-5.



Seminar/Symposium 1

[Training attended

10.

One month skill development Training Program in
Biotechnology for Students of North-East India
organized by Biotech Park Lucknow. 24" January — 23
February, 2018.

Participated in Training and Awareness Programme on
protection of plant varieties and farmers rights on
28™ & 29" March 2017 organised by Dept. of Forestry
and Horticulture, Aromatic and Medicinal Plants.
Delivered oral presentation in National seminar on
Biodiversity, conservation and utilization of Natural
resources with reference to Northeast India
(BCUNRNEI) on 30" -31% March 2017 organised by
Dept. of Botany, Mizoram University.

Participated in Science communication Workshop
(SciComm 101) held on 6" june, 2017 organised
by The Wellcome trust/DBT India Alliance.

Poster presentation on International Conference on
Natural Resources management for Sustainable
development and rural Livelihoods on 26-28 October,
2017 organised by Dept. of Geography. Mizoram
University, Aizawl.

Participated in workshop on Sustainable Management
of Indigeneous knowledge on 01-03 march, 2016
organised by teri.

Participated in  International ~ Symposium  on
Sustainable Horticulture on 14" -16™ March, 2016
organised by Dept. of Horticulture, Aromatic and
Medicinal Plants.

Participated in  Technical session/exhibition in
Mizoram Science Congress on 13™-14™ October, 2016
organised by Mizoram Science Congress 2016
organising committee.

Participated in Seminar on make in India: Science &
Technology driven innovations organized by Mizo
Academy of Sciences in collaboration with MISTIC on
4™ November 2016.

Participated in National workshop on statistical
analysis using excel software on 13"™to 15" 2016,
organized by Department of statistics, Pachhunga

University College, Aizawl Mizoram.



214

Environment and Ecology 36 (1A) : 214—220, January—March 2018

Website: environmentandecology.com  ISSN 0970-0420

Seed Behavior of Clerodendrum colebrokianum
Walp., a Vulnerable Medicinal Shrub of Mizoram,

North-East India

Zothankima Ralte, T.K.Hazarika, B.P.Nautiyal

Received 17 September 2017; Accepted 20 October 2017; Published on 10 November 2017

Abstract Clerodendrum colebrokianum Walp., East
Indian Glory Bower locally known as Phuihnam in
Mizoram, North east India is one of the most impor-
tant medicinal plant. The present investigation was
carried out during 2015-17 to study the germplasm
variability with respect to the physical properties of
the seeds of Clerodendrum colebrokianum collected
from different locations. The study reveals that there
was wide range of variability with respect to seed
weight, seed length, seed diameter. There was signifi-
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cant variation among the seeds collected from differ-
ent locations with respect to moisture loss, seed vol-
ume and water uptake (imbibition). The seeds losses
viability after 6 months if stored in ambient condi-
tions and by 8 months if stored in refrigerated condi-
tions. The germination was initially low irrespective
of the locations and storage conditions and it reaches
the maximum by 3" months and thereafter again de-
creases gradually. In refrigerated storage, at 3™ month
after storage, the maximum germination was obtained
in the seeds collected from Reiek (96.67 £5.77%) at 3
months after storage, while in ambient conditions,
the maximum germination was obtained from the
seeds collected from Reiek (90.00 = 10.00%) at 2
months after storage.

Keywords Clerodendrum colebrokianum Walp., ger-
mination, North east India, Mizoram, Seeds.

Introduction

The genus Clerodendrum is flowering plants belongs
to the family Verbenaceae and is widely distributed in
the tropical and warm temperat regions of the world,
with most of the species occurring in tropical and
Northern Africa, Asia, Egypt and Madagascar.
Clerodendrum is a very large and diverse genus with
about 580 identified species is distributed through-
out the world [1]. It is the largest genus of the tribe
Teucrieae. In India 23 species were recorded by [2], of



Table 1. Different locations and their geographical coordi-

nates.
SIL. Elevation
No. Location Latitude Longitude (m)
1 Durtlang N 23°46°30.0"" E092°44°00.3"" 1254
2 Reiek N 23°417°45.7°7 E092°36°44.0"" 1148
3 Luangmual N23°45739.17" E092°43°19.4"" 1041
4 Lungdai N 23°53711.97" E092°44°34.5°" 1132
5 Serkhan N 23°54725.2°7 E092°44°27.6"" 1028
6 Zonuam N 23°44712.977 E092°42°11.1°" 1109
7 Chawlhh- N 23°44739.6"" E092°41°32.1"" 942
mun
8 Tanhril N 23°447°21.1”" E092°40°59.5"" 901
9. Sakawrtui- N 23°76°11 E92°67°117°°5 440
chhun
10 Lengpui n 23°84°05.99°"E92°61796.89"" 426.11

which 16 were recorded from Arunachal Pradesh by
[3]. Clerodendrum colebrookianum Walp. commonly
known as East Indian Glory Bower is a flowering shrub
or small tree, characterized by a foetid smell. The spe-
cies is found in tropical and subtropical regions of
Asiaincluding India, Myanmar, Bangladesh, Malay-
sia, Indonesia, Thailand, Bhutan and Nepal; and also
in temperate China. It is erect reaches up to 1.5-3.5m
in height and is evergreen. Branchlets are usually 4-
angled when young. Leaves are simple, opposite or
rarely whorled. Leaf base is wedge-shaped to heart-
shaped, margin entire to slightly wavy, tip long-
pointed to pointed. Flowers are white and borne in 4-
6-branched corymbose cymes, at the end of branches.
Inflorescences loosely cymose orcapitate, in terminal
or rarely axillary paniculatethyrses. Calyx is campanu-
late or cup-shaped, densely pubescent. Corolla with
a slender tube; lobes 5, spreading. Fruit is a drupe
with 4 1-seeded pyrenes, sometimes separating into 2
2-loculed or 4 1-locular mericarps. It flowers during
post-monsoon, from August to December. East In-
dian Glory Bower is found in NE India, and parts of
China and SE Asia. C. colebrookianum, has been
reported to have antidiabetic, antihypertensive and
sedative properties [4—7]. In Mizoram, it is consid-
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ered as anti-cancer, used to increase breast milk [8].
Besides, it is one of the delicious vegetable recipes of
local people.

The species Clerodendrum colebrokianum be-
ing important medicinal plants as well as vegetables
is a native plant of Mizoram, North-east India. The
plant is usually consumed for effective control of high
blood pressure, hypertension and diabetes and found
to possessed antimicrobial activity also. Local people
consumed as vegetables instead of medicinal values.
Unlike other vegetables, this plant is available
throughout the year and also gives continuous in-
come to the farmers. Once the plant has established,
it can be last long as it is a perennial shrub. Clero-
dendrum colebrokianum is a shallow rooted crop and
lack tap root, grows horizontally. From these roots a
new plants arises and becomes difficult to maintain
the proper spacing. Once we uproot the whole plant,
anew plant has come up from the intact root which is
left remaining. Leaf are the used part and is inhibited
by ants and somewhat bitter in taste. The leaf boiled
with water is proved to increase breast milk. The vi-
ability test showed that the seeds of Clerodendron
colebrokianum are recalcitrant seeds and it cannot
be stored for a long period.

Seed is a unit of life developing from fertilized
ovule. They represent the mostcritical phase of a
plant’s life cycle and are responsible for the evolu-
tionary continuum of plant species. Seed charac-
teristics, germination preferences and seed dormancy
patterns have been proposed as tools for understand-
ing evolutionary patterns [9]. The time duration for
which the seeds retain their viability varies with spe-
cies and to some extent with the prevailing environ-
mental conditions. There are seeds which remain vi-
able for hundreds of years and those which lose their
viability within a week or a month. What brings about
the state of non-viability in a seed has been the sub-
ject of extensive investigation.

Materials and Methods

The investigation was carried out in the laboratory of
Department of Horticulture, Aromatic and Medicinal
Plants, Mizoram University, Aizawl during 2015-2017.
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Table 2. Physical parameters of the seeds from different locations.

SL. Weight Length Diameter Moisture loss (%) Seed Imbibition
No. Location (2) (mm) (mm) 30 days 60 days 90 days volume (cc) (%)
1 Durtlang 0.22+0.02 6.43+£0.20 5.02+0.30 17.01+0.02 17.92+0.02 19.13+0.02 0.55+0.07 34.82+3.79
2 Reiek 0.40+£0.02 7.38+0.46 5.86+0.48 15.22+0.02 15.92+0.01 15.92+0.01 0.86+0.12 30.70+2.67
3 Luangmual 0.26+0.02 6.81+0.15 5.45+0.18 15.41+0.01 16.76+£0.01 16.77+0.01 0.69+0.11 39.71+£6.94
4 Lungdai 0.24£0.02 6.84+0.45 5.47+0.21 13.95+0.03 14.32+0.15 14.25+0.01 0.61+£0.08 43.91+1.98
5 Serkhan 0.27+£0.04 6.64+£0.24 5.15+0.18 10.05+0.03 13.51+0.01 18.70+0.01 0.70+0.12 34.79+2.42
6 Zonuam 0.38+0.03 7.02+0.28 5.65+0.13 14.08+0.02 14.80+0.01 15.47+0.01 0.73+0.08 38.98+7.60
7 Chawlhhmun0.21£0.01 6.92+0.41 5.50+0.19 13.06+0.01 14.31£0.02 16.04+0.01 0.68+0.08 36.29+9.82
8 Tanhril 0.25+0.01 6.71+£0.38 5.22+0.20 17.65+0.01 18.26+0.02 18.28+0.01 0.64+0.11 33.83+5.11
9 Sakawrtui- 0.24+0.03 6.46+0.24 5.10+0.35 12.63+0.02 14.12+£0.01 14.13+0.00 0.76+0.08 32.48+1.48
chhun

10 Lengpui 0.23£0.02 6.66+£0.21 5.37+0.24 14.17+0.01 15.08+0.02 15.85+0.01 0.74+0.12 31.09+2.10
SEd (+) 0.02 0.23 0.19 0.012 0.041 0.008 0.07 3.42
CD,, 0.04 0.49 0.40 0.026 0.087 0.019 0.15 7.19
Seeds of Clerodendron colebrokianum were har- Moisture loss

Moisture loss % = x 100

vested after ripening during the month of November,
2015 and 2016 from ten natural populations having
altitudes between 426.11-1254 m asl. These popula-
tions include Durtlang, Reiek, Luangmual, Lungdai,
Serkhan, Zonuam, Chawlhhmun, Tanhril, Sakawr-
tuichhunand Lengpui. The geographical co-ordinates
of different locations are presented in Table 1. The
seeds were collected to study the physical properties
of the seeds in terms of seed weight, diameter, length,
volume of the seeds, moisture content, imbibition,
viability and germination percentage. After harvest-
ing of the fruits, the seeds were air dried for one week
and kept in a perforated polythene bags for further
observations.

Immediately after collection of seeds, 20 seeds
from each replication were randomly selected for re-
cording the physical parameters of the seeds. The
weight of the seeds was measured with the help of
digital balance and expressed in gram (g). Similarly,
the length and diameter of the seeds were measured
with the help of verniercallipers and the result was
expressed in mm.

The initial weight of the seeds was first measured
by using digital weighing balance and recorded. The
moisture loss of the seeds were measured at every 30
days interval till 90 days. After completion of this
experiment, the moisture loss percentage at each level
was calculated by using this formula:

Fresh weight

Seed volume was measured by water displace-
ment method for which seeds were dipped in a known
volume of water in a measuring cylinder and after
immersing the seeds, the rise in water level was noted.
Ten replicates with 10 seeds in each replicate was
used for this purpose. Seed volume (V) was calcu-
lated using following formula:

V=V,-V,

Where V| is initial water level and V, is final level after
dipping the seeds. Mean seed volume with standard
deviation was calculated.

To determine the water uptake by the seeds, five
replicates of five seeds each was randomly taken and
weighed individually for their initial weight using the
electric balance. Seeds was then soaked in distilled
water and kept at room temperature (25+2°C). Weight
of these seeds was taken after every 24 h till the con-
stant weight.

Water imbibition was estimated as percent in-
crease in weight of seed using following formula:

Imbibed weight - Initial weight

Imbibition rate = x 100

Initial weight
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Table 3. Monthwise germination per cent of seeds at refrigerated condition.

SI. No. Location December January February March April
1 Durtlang 63.33 + 5.77 76.67 + 11.55 86.67 + 5.77 73.33 + 11.55 66.67 + 5.77
2 Reiek 66.67 + 5.77 66.67 + 5.77 96.67 £5.77 76.67 + 15.28 56.67 + 5.77
3 Luangmual 46.67 + 5.77 93.33 + 5.77 76.67 + 5.77 66.67 + 5.77 83.33 £ 15.28
4 Lungdai 40.00 + 14.14  90.00 + 10.00 73.33 + 11.55 83.33 + 15.28 76.67 + 5.77
5 Serkhan 53.33 £ 5.77 83.33 + 15.28 86.67 + 5.77 63.33 + 15.28 83.33 £ 11.55
6 Zonuam 43.33 + 1528  83.33 +£ 5.77 76.67 + 15.28 70.00 + 20.00 70.00 + 10.00
7  Chawlhhmun 50.0 £ 10.00 73.33 + 11.55 63.33 + 11.55 66.67 + 5.77 70.00 + 10.00
8 Tanhril 53.3 £ 15.28 76.67 + 11.55 83.33 + 15.28 80.00 = 10.00 73.33 + 15.28
9  Sakawrtuichhun 56.7 +5.77 86.67 + 5.77 86.67 + 15.28 66.67 + 15.28 63.33 + 25.17
10 Lengpui 60.0 + 20.00 80.00 + 10.00 66.67 + 5.77 66.67 + 30.55 56.67 + 5.77
SEd (+) 7.22 6.83 6.50 5.74 7.95
CD,, 15.16 14.35 13.65 12.06 16.71
Table 3. Continued.
SI. No. Location May June July August
1 Durtlang 43.33 £ 15.28 43.33 + 5.77 3.33 £ 5.77 333 £ 5.77
2 Reiek 30.00 + 10.00 40.00 + 17.32 6.67 + 5.77 0.00 + 0.00
3 Luangmual 36.67 £ 15.28 26.67 + 5.77 0.00 + 0.00 0.00 + 0.00
4 Lungdai 40.00 £ 17.32 30.00 + 20.00 3.33 £ 5.77 0.00 + 0.00
5 Serkhan 30.00 + 10.00 30.00 + 17.32 0.00 + 0.00 333 +5.77
6 Zonuam 26.67 + 5.77 40.00 + 10.00 6.67 £ 11.55 0.00 + 0.00
7 Chawlhhmun 33.33 £ 25.17 26.67 + 5.77 3.33 £ 5.77 0.00 + 0.00
8 Tanhril 40.00 + 20.00 23.33 £ 5.77 3.35 £ 5.77 0.00 + 0.00
9 Sakawrtuichhun 30.00 + 20.00 26.67 + 11.55 3.33 £ 5.77 3.33 £ 5.77
10 Lengpui 33.33 + 20.82 20.00 + 10.00 0.00 + 0.00 0.00 + 0.00
SEd (+) 4.65 6.02 0.08 0.08
CD, s 9.77 12.64 0.16 0.16

Germination test was conducted at monthly in-
terval in refrigerated condition and ambient tempera-
ture. The seeds collected from different locations were
kept in perforated polythene bags inside the refrig-
erator to study the effect of germination at monthly
interval in refrigerated condition and ambient tem-
perature.

Results and Discussion

The results of the present study as depicted in Table
2 revealed that among the various locations, signifi-
cant to highly significant variation was observed
among the seeds. The maximum seed wight was ob-
tained from the seeds collected from Reiek (0.40+0.02
g) followed by the seeds collected from Zonuam
(0.38+0.03 g). Among all the locations the lowest seed

weight was obtained in Chawlhhmun (0.21+0.01 g).
Similarly, among the different locations, the signifi-
cantly maximum seed length was obtained from the
seeds collected from Reiek (7.38+0.46 mm) followed
by Zonuam (7.02+0.28 mm). Among the different seeds
collected from various locations, the significantly low-
est length was obtained from the seeds collected from
Sakawrtuichhun (6.46+0.24 mm). Similarly, there was
significant variation among the germplasms with re-
spect to diameter of the seeds. The maximum was
obtained from the seeds collected from Reiek
(5.86+0.48 mm) and the minimum was obtained from
the seeds collected from Durtlang (5.02+0.30 mm). The
variation in physical properties of the seeds might be
due to different genetic make-up of the individual
seeds.

Seed moisture is a critical factor determining the



218

Table 4. Monthwise germination per cent of seeds at ambient condition.

SI. No. Location December January February March April
1 Durtlang 50.00 = 10.00  70.00 + 10.00 86.67 £ 5.77 70.00 + 26.46 66.67 + 11.55
2 Reiek 50.00 = 10.00  90.00 + 10.00 80.00 + 0.00 66.67 + 15.28 60.00 + 10.00
3 Luangmual 46.67 + 1528  66.67 + 5.77 70.00 + 10.00 63.33 + 5.77 53.33 £ 5.77
4 Lungdai 43.33 + 1528  56.67 + 5.77 63.33 + 5.77 56.67 + 5.77 50.00 + 10.00
5 Serkhan 43.33 £ 5.77 76.67 + 5.77 60.00 + 10.00 86.67 + 15.28 70.00 + 10.00
6 Zonuam 33.33 £ 5.77 70.00 + 10.00 70.00 + 10.00 80.00 = 20.00 50.00 + 10.00
7  Chawlhhmun 46.67 £ 1528  56.67 + 15.28 86.67 £ 5.77 63.33 + 15.28 43.33 + 15.28
8 Tanhril 53.33 £ 15.28  76.67 + 15.28 86.67 + 23.09 70.00 + 10.00 40.00 + 20.00
9  Sakawrtuichhun 46.67 + 5.77 53.33 £ 11.55 73.33 £ 5.77 70.00 + 17.32 36.67 = 11.55
10 Lengpui 36.67 + 5.77 46.67 + 15.28 73.33 + 15.28 76.67 + 5.77 40.00 + 20.00
SEd (+) 4.77 6.61 6.71 7.08 8.66
CD,,, 10.01 13.89 14.10 14.87 18.20
Table 4. Continued.
SI. No. Location May June July August
1 Durtlang 26.67 + 5.77 0.00 + 0.00 0.0 £ 0.0 0.0 £ 0.0
2 Reiek 23.33 + 15.28 3.33 £ 5.77 0.0 £ 0.0 0.0 £ 0.0
3 Luangmual 16.67 + 5.77 6.67 £ 11.55 0.0 £ 0.0 0.0 £ 0.0
4 Lungdai 23.33 + 20.82 0.00 £+ 0.00 0.0 £ 0.0 0.0 £ 0.0
5 Serkhan 23.33 + 15.28 3.33 £ 5.77 0.0 £ 0.0 0.0 £ 0.0
6 Zonuam 13.33 + 5.77 6.67 £ 11.55 0.0 £ 0.0 0.0 £ 0.0
7 Chawlhhmun 26.67 + 23.09 0.00 + 0.00 0.0 £ 0.0 0.0 £ 0.0
8 Tanhril 13.33 + 11.55 0.00 + 0.00 0.0 £0.0 0.0 £ 0.0
9 Sakawrtuichhun 26.67 + 15.28 6.67 £ 11.55 0.0 £ 0.0 0.0 £ 0.0
10 Lengpui 30.00 + 26.46 0.00 + 0.00 0.0 £ 0.0 0.0 £ 0.0
SEd (+) 4.86 2.58
CD, s 10.22 5.42

viability and longevity of both recalcitrant and ortho-
dox seeds. In our present investigation, the moisture
loss was increased with the storage period right from
30 days after storage till 90 days. Among the seeds
collected from various locations, the moisture loss
was also varied significantly throughout the obser-
vation periods. It is clear from the data presented in
Table 2, that at 30 days after storage, the maximum
moisture loss was observed in found from the seeds
collected from Tanhril (17.65 +0.01%), while the low-
est was reported from the seeds collected from
Serkhan (10.05 +0.03%). At 60 days after storage, the
moisture loss followed the similar pattern as that of
30 days. The maximum was in Tanhril (18.26+0.02%),
and the lowest was in Serkhan (13.50 £ 0.01%). At 90
days after storage of the seeds, the maximum mois-
ture loss was observed in found from the seeds col-

lected from Durtlang (19.13+0.02%), while the lowest
was from the seeds collected from Sakawrtuichhun
(14.13+£0.00%). The variation in moisture content of
this plant might be due to different ripening stage of
the fruits as well as different soil and climatic condi-
tion and inherent character associated with species.

The seeds varied significantly with respect to
the volume of seeds also (Table 2). The highest seed
volume of was found in the seeds collected from Reiek
(0.86£0.12 cc) and lowest was in Durtlang (0.55+0.07
cc). The variation in seed volume might be due to the
size of the seed coat, in addition embryo of the seeds
also increases the volume of the seed.

The imbibition result presented in Table 2 showed
that percentage imbibition was found to be the high-



est in Lungdai (43.91£1.98) and the lowest was ob-
served in Reiek (30.70+2.67). Claimed that porous seed
coats are usually permeable and non-porous ones
impermeable. The seeds of Clerodendrum have small
opening or pore on the ventral side of the seeds. Water
can pass through easily so that the imbibition speed
can be enhanced by this opening. But there should
be limitations for entering the water into the seeds. It
also depends upon the size of the embryo and the
hardness of the seed coat.

There are two types of seeds in nature. One is
orthodox and another one is recalcitrant seeds. Or-
thodox seeds dry up-to low moisture content and can
tolerate freezing temperature and can be stored for
many years. But recalcitrant seeds are dessicated sen-
sitive, loss viability in a short period and cannot be
stored for prolonged. Attempted has been made on
the storage of recalcitrant seeds, such as moist stor-
age, partially dry storage and cryostorage, but all these
methods have their own limitations. The seeds
Clerodendrum colebrokianum comes under the lat-
ter. The seeds were collected in the month of Novem-
ber and germination test conducted from December
till it losses viability. The seeds we stored in ambient
temperature (room temperature) losses viability after
6 months of stored in ambient conditions and by 8
months if stored in refrigerated conditions. The ger-
mination was initially low irrespective of the locations
and storage conditions and it reaches the maximum
by 3" months and thereafter again decreases gradu-
ally and finally loss the viability by 6 months in ambi-
ent condition and 8 months in refrigerated condition.
In the present investigation, in refrigerated storage,
at 3 month after storage, the maximum germination
was obtained in the seeds collected from Reiek (96.67
+ 5.77) at 3 months after storage, while in ambient
conditions, the maximum germination was obtained
from the seeds collected from Reiek (90.00 £ 10.00%)
at 2 months after storage (Tables 3 and 4). Viability
test indicated that seeds of C. colebrokianum may
not remain viable for extended periods at room tem-
perature and even storage at low temperature (4°C —
6°C) for long time. Loss of viability in stored seeds is
a common phenomenon, and it increased with stor-
age duration with storage condition as another fac-
tor. However, it was also observed that seed moisture
content did not played key role as population with
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low seed moisture at the time of harvesting had high
viability in C. colebrokianum, Further, seed moisture
was slightly decreased after one year storage. Loss
of viability as well as variation in seed viability among
different natural populations may have the relation
with growth and development of embryo which caused
morpho-physiological dormancy as suggested ear-
lier [10] in another Apiaceae species Osmorhiza
depauperata.

Conclusion

Clerodendrum colebrokianum seeds are recalcitrant
so they loss the viability very soon. In the present
investigation, observations reveals variation in seed
weight, seed length, seed diameter and seed volume
in addition to moisture content as well as imbibition
rate of the seeds. Viability among the different popu-
lations irrespective of moisture content which may
suggests morpho-physiological type of dormancy in
this species. On the basis of present observations, it
is further suggested that seed storage at low tem-
perature remain viable for eight months. Further ob-
servations are needed to overcome morpho-physi-
ological dormancy and bringing uniformity in germi-
nation behavior of C. colebrokianum.
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