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Chapter - 1

General Introduction

According to the UN Convention on Biological Divitys(1992), biodiversity is defined
as the variability among living organisms from bl terrestrial and marine along with the
ecological complexes in which they plays their pdiodiversity is the results of the
evolutionary plasticity of living organisms whictas increased geometrically through perhaps
2.5 billion years, proliferating by trial and erraontrolled by natural selection, filling almost
every one of the habitable ecological niches createa likewise evolving world environment.
The diversity of these natural habitats has expdnoleer a period of time through natural
selection and also through introductions. Biodiigrencludes diversity of form right from
molecular level through individual, organisms, plapions, communities, ecosystems,

landscapes and biosphere. The world harbors amatstl over 10 million different types of



organisms including plants, micro-organisms andnafs, out of which about 1.4 million species

are that of plants including algae, fungi, mosseslagher plants (Myerst. al.,2000).

Biodiversity hotspots are geographical regions Whice extremely rich in species, have
high endemism, and are under constant threat. Rgcéme existing 25-hotspots of the world
have been updated to 34 hotspots with the list ofe® hotspots in the great range of the
Himalayas and the island nation of Japan. India ifome for 4 of them extending into
neighboring countries-the Western Ghats/Sri Lartke, Himalaya, the North-East and the
Nicobar Island (MoEF, 2014) and they figure in bstthotspots. The determining criteria for a
hotspot is that an area must contain at least @5%500 of the world’s 300,000 plant species
and 27,298 vertebrates (including mammals, biestiles and amphibians) as endemics, and the

remaining primary vegetation is less than 30%%éitent area (Saéd. al, 2000).

India being one of the 17-mega biodiversity centaasing about 10% of the world’s
biodiversity wealth, which is distributed acrossagso-climatic zones. India is a tropical country
with a tremendous heterogeneity of environmentgirenfrom tropical rain forest of Andaman
and Arunachal Pradesh to the hot deserts of Rajasthd cold desert of Ladakh. It lies at the
junction of three biogeographical provinces of & temperate Eurasia and the Orient. Out of
17,000 species of higher plants reported to occtinirwvindia, 7500 are known to have medicinal
uses. Ayurveda, the oldest medical system in thliBaim Subcontinent, has alone reported
approximately 2000 medicinal plant species, folldviay the Siddha and Unani medical system
(Kala and Sajwan, 2007). The practice of ethno-giedi is an important vehicle for
understanding indigenous societies and their oelahips with nature (Anyinam, 1995).
According to the World Health Organization (WHO) m&ny as 80% of world’s population

depends today on traditional medicine for theimany health care needs (Azaizghal, 2003).



The Indian Himalayan Region (IHR) with 250-300 kerass stretches over 2,500 km
from Jammu & Kashmir in the west to Arunachal Psidia the east spreading between 21°57' —
37° 5' N latitudes and 72°40' — 97°25' E longitudBsis great chain of mountains covers the
frontiers of Myanmar in the east partially/fullyethwelve states of India including Nagaland.
Northeast India which is a centre of mega-biodiwgrsontains more than one-third of the
country's total biodiversity. It lies between 22°29°6' N latitude and 87°7' E longitude. North-
East India is the most important floristic regiowing to its rich biodiversity and high
endemism. The region is one of the 17 hottest ltéspf the world, having at least 7,500
flowering plants. Out of 315 families of angiospsrin India, more than 200 are represented in
Northeast India; which accounts for nearly 50%haf total number of plant species in India as a
whole. Northeast India lies in the lowland-highlaablution zone as it is the meeting place of
the Himalayan mountain and the Peninsular Indialzewhuse of these geographical transitional
zone, it has diverse biomes or ecological commesitontributing to the immense richness in its
biodiversity (Chakrabortgt. al, 2012). For this rich biodiversity, North-East i@gwas named,
"The Cradle of Flowering Plant§¢Takhtajan, 1969)However, though it is known for its diverse
and extensive lush forest cover and species cotnposéet it is one of the major regions facing
severe deforestation. The Northeastern Hill regmymprising Nagaland, Manipur, Mizoram,
and Tripura, is part of the Indo-Burma hotspot, eckhihas a wide variety of ecosystems,
including hilly tracts. The Indo-Burma biodiversityotspot comprises around 7,000 endemic
plant species. Around 8,550 floral species have beeorded from this region, of which 2,500
are from Manipur, 2,250 from Nagaland, 2,200 fronzdfam, and 1,600 from Tripura. Though
most of the species are of economic importancegsohthe species plays a vital role in rural

economy and used as medicines, vegetables, cadistrunaterials, as dye etc. Some of the



important economically plant species ar&apria himalayana Nepenthes khasiana
RhododendrorspeciesAloe vera,DioscoreaspeciesAconitum nagarum., Malaxis acuminate,
Panax pseudoginseng, Paris polyphylla, Stobilanfleeifolious, Taxus bacata, Berbesgs,
kiwi, Lassia spinosa, Livistona jenkinsiana, Distemindicum, Acorus calamus, Tricopus
zeylanicusetc. Due to the varied environmental conditionsfbin the North east region part of
India, diverse species of both plant and animakiggecan be found. Forest is an important
natural resource which is vital in meeting the yladquirements of the people but due to over-
exploitation, it has cause imbalances in the edesyand loss of its rich biodiversity. This limits
the plant recruitment processes and ecosystem gy, altering the overall ecosystem

functioning (Symstad and Tilman, 2001).

Nagaland which lies between 25°06'-27°04' N lagtachd 93°20'-95°15’ E longitudes
with an area of 16,579 sq. Km is among the richesdiverse region in the world and it lies in
the Indo-Burma biodiversity hotspots. The geogreghiocation of Nagaland has provided an
ideal environment for the growth and nourishment different medicinal plant species.
Unfortunately the plant genetic resources of tiggore are fast depleting due to indiscriminate
felling of forest trees including ground vegetasofor ‘Slash and Burn/Shifting Cultivation’
together with ruthless exploitation of plants foade, poor knowledge of the people on
conservation measures and unplanned human adivitiehe recent years, extinction has been
the destiny of a great number of plant speciesuding several unique and irreplaceable

varieties, while many await a similar fate.

According to IUCN, plant species are declining imuth and Central America, Central
and West Africa and Southeast Asia Malaysia hasribst threatened species (681) followed by

Indonesia (384) (IUCN, 2000). Globally, the numbéthreatened plants listed is 5,611, but this



is based on an assessment of only 4% of the watkbsribed plants, which suggest that the
percentage of threatened plants may be much higberent decades have seen significant
changes occurring within several aspects of ethaditme as a result of environmental
degradation and tremendous changes in modern,|sacid economic systems (Anyinam,
1995).These factors in totality resulted in disagypace of ethno medicinal plants at regional as
well as global scale (Baillieet. al, 2004). Ethno medicines are of particular releeam
developing countries like India (Ali, 1999; Jareir al, 1999; Sharmat. al, 2001; Buragohain,
2008; Ignacimuthwet. al, 2008), where modern health service is limitede North Eastern
Region (NER) of Indian Himalayan region (IHR), qamsing of 8 states harbors more than 180
major tribal communities out of the total 427 ttilsammunities found in India (Sajest. al,
2008). A large part of the NER of India is compiaey botanically underexplored or even
unexplored (Jamiet. al, 1999; Sharmat. al, 2001). Agriculture is the major livelihood option
in India as only cultivators and agricultural labr comprise more than 58.4% of total
workforce in the country. The people of the Himalayegion, especially those in the north-east,
over the years had adopted traditional practicegmenishment in the region Th&hum cycle
was once considered to be as long as 25 years) the recent past, studies have shown that the
cycle has shrunk to as short as 4-5 years whialltegksin acceleration in soil erosion. This is a
strong indicator of the deteriorating ecologicalabae of the region and is also a statement on

the increasing human pressure on land and growiog fieeds.

Due to all the above factors plant species of tleigion have become endangered,
threatened or rare plants and many workers hat¢hpir efforts in conserving this important
plants through investigating single or combinethponents of the reproductive ecology of such

plants, such as their flowering frequency and \eget reproduction (Morely, 1982),



pollination (Macior, 1978; Karron, 1987; Deyrup amdenges, 1997), breeding system
(Planisek, 1983; Karron, 1989), seed predatiorsléGiand Meinke, 1997), seed germination
(Baskin and Quarterman, 1969; Baskin and Bask@911997; Halse, 1988; Jacobs, 1993;
Clark et. al, 1997; Florance, 1997), breeding system andn®ation (Clampitt, 1987;
Menges, 1995), and seed production and predatiglengeset. al, 1986). However, few
studies of these plants describe the limits toagpction at all stages from flower production
through dispersal of germinable seed (Crowder, 1MM&&sey and Whitson, 1980; Pawik al,

1993).

Plants as a Source of Medicines

Nature has provided a rich store house of herbaledtes to cure all mankind’s ill.
Throughout the world people have utilized sevdralisands of plants and plant products as cure
for human ailments. In the plant kingdom, almo$pldnts are medicinal and the application of
medicinal plants especially in traditional mediciisewell recognized (Chaudhary and Tariq,
2006). In the developing countries, drugs are mbt expensive, but also have many side effects
during treatment for any disorders that is whyha present era much emphasized on search of

medicinally valuable plants are prominent.

India has one oldest, richest and diverse culttreaditions associated with the use of
plants and herbs for human, livestock and planttihedany of the ingredients of Indian
cooking which have been handed down from ages icomtedicinal properties (Chakraborty and
Das, 2010). In India, theAyurvedic System of Medicineas been in use for more than 3000
years. Charaka & Susruta two of the earliest Indian authors had sufficiknbwledge of the

properties of the Indian medicinal plantSharaka Samhita’and ‘Susruta Samhita which are



their medical works are one of the esteemed treasafrliterature of indigenous medicine today

(Debet. al.,2009).

Plants have been used in the traditional health sgstem from the time immemorial,
particularly among tribal communities. The Worlddith Organization (WHO) has listed over
20,000 medicinal plants globally (Lala. al, 2006); India’s contribution is ~20%. According
to WHO estimate, about 80% of the population in degeloping countries depends directly on
plants for their sole source of medicine (Bxbal, 2009). In India, about 2000 drugs used are of
plant origin (Dikshit, 1999). Though a vast ethnotdmical knowledge exists in India from
ancient times, very few plants used by locals foedimine are subjected to scientific
investigation. The need for conservation of meditciplants and traditional knowledge,
particularly in developing countries like India,kitag into account the socio-cultural and

economic conditions is urgent (Misra, 1999).

The maximum diversity of medicinal plants in theRHXxists in altitudes of more than
1,800 m and which accounts for ~1400 species. Huhadnitations with diverse cultures and
communities present contribute to their immensentadge of plant species used in medicine.
Thus the practical and uses of ethno-medicinal tplas comparatively higher in the IHR
(Samant and Dhar, 1997). Apart from the use of isgeas medicine, different parts such as
roots, tubers, fruits, flowers, seeds and leavdsover 200 species of medicinal plants are
consumed either raw, roasted, boiled, fried, coaked the form of oil, spice and seasoning
materials, jams, pickles, etc. (Dhyani and Khati93; Samant and Dhar, 1997). The nutritional
value of most of these species is comparable wittivated species (Dhyani and Khali, 1993;

Samant and Dhar, 1997).



Importance of Floral Biology

There are several important aspects, vital foearainderstanding of floral biology, such
as morphology, phenology, the reproductive systpatiination and fertilization. Studies on
reproductive ecology are also important for incieg€omprehension on features of ecological
equilibrium existent in nature, how plants evohadthe planet, and how animals, mainly bees,
manage to survive through making use of flowerardfl biology, through its reproductive
system, blends with the ecology of pollination,réiey relating floral diversity with the behavior
and morphology of visiting and pollinating animgM/aser, 1983) thus demonstrating their
mutual dependence, since most plants rely on thgsets for sexual reproduction. Furthermore,
floral resources constitute the main food supplyskveral animal groups (Procet: al, 1996).
The interaction of plants with pollinating agergsvital for the structural and functional integrity
of natural ecosystems, besides the maintenancearegise in the production of food for human
consumption. It is believed that three quartershef plant products thus produced and ninety
percent of wild plants, are dependent on animdiration. Furthermore, the protection of wild
species threatened with extinction, the use of tpfpecies in urban environments and the
production of fodder for feeding domestic animate also benefited through understanding
floral biology and pollination concepts (Figueired®900). The system of pollination can serve
as an instrument for studying co-evolutionary psses, where the degree of morphological,
physiological and behavioral adequacy observed drtwlant and pollinator can be evaluated
(Proctor et. al, 1996). In this context, aspects concerning flararphology and visiting
behavior, as well as those referring to flower phiggy and morphology, could serve as

parameters for measuring the degree of relationbleigveen plant species and their floral



visitors, as well as for discerning which amongmheffectively contribute to plant reproduction

(Faegri and Van der PjjL979; Proctoet. al, 1996; Figueiredo and Sazima, 2007).

Importance of Reproductive Biology

Reproductive biology is an important tool in worfinut the conservation strategy. The
reproductive performance of the plants and itscigfficy determines its survival and therefore
knowledge on reproductive biology is the key fadtothe achievement of plant conservation
(Kumar et. al, 2011). Flowering is a pre-condition for fruitimgth seed(s) but many flowers
results in poor seed production especially thosgiosperm plant species which have small
flowers and large fruits. Reproductive bottleneaksudes failure of pollination, pre or post
fertilizer barriers leading to no or poor seed g&or reproductive vigor due to inbreeding
depression and very low germination rates imposedtcaints on the multiplication and survival
of the species. Therefore, any conservation apprbas to be based on an in-depth study of
plant reproductive biology which provides inforneation seed germination capacity, survival
rate of seedlings and adults, age at floweringrodyictive lifespan and number of flowers and
seeds, seed biology. Such studies would prove t&ruigul in planning various programmes
specific to different habitats. The knowledge comeloi with clonal propagation will also help in

developing strategies to preserve the genetic pateri rare species crucial for reintroduction.

Plant morphological and biological characteristizay limit its population growth in the
wild and therefore macro propagation of those glaare importanex situso as to introduce
them back to the wild and ensure its stabilityit;®h number of species. Studies on plant
reproductive biology, seed biology and macro-prepiag and reintroduction to the wild of

medicinally important plant species will ensure toaured presence of these plants in nature.



Importance of Seed Biology

Recruitment of tree species on the forest flooinothe field is governed by various
factors including the seed traits and microhabitanhditions (Kitajima, 2007). Likewise,
germination of seeds in nature is strongly infllezhcby internal as well as external
environmental factors (Baskin and Baskin, 1998 ghrminating seeds and seedlings are most
vulnerable to predation, desiccation, developmesitayje of embryos, competition and damage
as the seeds and seedlings constitute importaouneas for the herbivores and pathogen.
Seedling predation and disturbance in the formrarinpling and microhabitat alternation have
direct implications for recruitment and multiplicat of species. Consistency in microhabitat
condition, right developmental stage of the embriyothe harvested seeds, right desiccation of
the seeds and duration of post harvest storageeafssenhances seedling survival and plantlet
growth. One of the important microhabitat factamsthe forest floor is light regime which is
governed by the tree canopy cover. Tree specigscamsiderably in terms of light requirement
at seedling stage (Pacaa al, 1994; Davis, 2001). Germinating seeds, dependpan their
state such as inherent properties, developmeratgé steserve food materials, moisture content,
nature of pericarp, represents their own micro@mirents which have rarely been studied. In
some species even if one of the factors are nor&de, it may result in initial seed germination

but seedlings often fails to establish in the desdland subsequently in the field.

Many forests have a high number of species withlog#cant seeds, or seeds sensitive to
desiccation. The intolerance to desiccation leamddifficulties in conserving those seeds
(Barbedo and Cicero, 2000). Many programmes thailve the rational and economic use of

these species are hampered due to the lack ofgston@thods of recalcitrant seeds for longer



periods. The methods in use preserve such seeg@eifiods varying from days to months. Thus,
inclusion of several species in those programmesniged. Identification and conservation of
recalcitrant seeds as well as studies increaskig tilerance to desiccation were performed and
pointed out respectively by several authors (Begglal., 1990; Pammenter and Berjak, 1999;
Pammenteet. al, 1991; Neves, 1994; Dedi. al, 2012). In general, there is an agreement about
the desiccation intolerance of recalcitrant seedbktheir short longevity. Moreover, differences
between recalcitrant and orthodox seeds at theoérde process of seed formation are well
known. The orthodox seeds undergo a nearly estgmtaess of desiccation, at the end of
maturation. This process allows these seeds togeh#reir metabolism from development to
germinate (Kermode, 1990). These changes are e in recalcitrant seeds due to several
factors including hormonal balance, protein andasugpntents and water physical properties,

among others (Kermode, 1990; Barbedo and Filho8)199

The available methods of seed drying are not deitdbr recalcitrant seeds, new
approaches on seed germination and storage sheutthtier of investigation. Although it is not
possible to define unequivocallgritical moisture content’ for viability loss in recalcitrant
seeds because they show differential response hgddstion at different drying rates, it is
necessary to maintain their water level abovedaaiitlevels (Pammentest. al, 1998). Under
these conditions, however, seeds may initiate getian and or undergo microorganism
infection, which could lead to seed deterioratidigh humidity favors the initial steps of seeds
germination processes causing damage to seeds tdér wa not supplied in sufficient.
Consequently, storage treatments maintaining higistore of the seeds are often associated
with low temperatures (Cunhet. al, 1995). Nevertheless, many of these seeds hale lit

tolerance to cold conditions. Therefore, studieghmse factors will give a better understanding



on seed storage, seed germination and seedlinglisstaent of the species which produces

recalcitrant seeds.

Inside each seed is a living plant embryo thatnewea state of dormancy breathes
through the exchange of gases and is consistentlgrgoing metabolic (aging) process. The
natural lifespan of a seed is influenced by sevietors including: permeability of the seed
coat, dormancy, seed physiology and storage enwieoh Seeds of many of our native plants
and weedy alien species have dormant embryos ambdsegd coats, a condition that retards
germination and consequently enhance longevity. dilesence and degree of seed dormancy
and subsequent metabolic rates varies considelmtlyeen species and thus influences their
lifespan. For most species from temperate anddinthtes reducing and maintaining a low seed
moisture content, storing seeds at low to moddeatgeratures, and taking precautions not to
damage seeds during cleaning and handling, slows)dbe metabolic process and thereby

increases their longevity in storage.

Seeds are generally categorized into three types:

1. Orthodox: Seeds that can be dried, without damage, to lmstore contents, usually
much lower than those they would normally achiavenature. Their longevity increases with

reductions in both moisture content and temperaivee a wide range of storage environments.

2. Recalcitrant: Seeds that do not survive drying to any largerelegand are thus not

amenable to long term storage.



3. Intermediate: Seeds that are more tolerant of desiccation thaalcitrant, though that
tolerance is much more limited than is the casd withodox seeds, and they generally lose

viability more rapidly at low temperature.

Recalcitrant seeds are not only desiccation-sgasitiut also metabolically active. In contrast,
orthodox seeds, owing to their dry state, are nudizddly quiescent (Berjak, 2005). One can

estimate a species’ natural potential for storatgrance by:

1. Seed sizeLarge seeds often have high moisture contentaaa@djenerally recalcitrant in

their storage behavior.

2. Climate and habitat conditions in which the specigeow. Seeds from plants adapted to
tropical or riparian habitats, due to a semi tonp@rent water source and/or consistently mild
and reliable growing conditions, may not requirengoterm seed viability for survival.

Conversely, plants from desert, temperate climathgre environmental conditions suitable for
germination are often infrequent, are more likelyptoduce seeds capable of surviving for long

periods.

3. Seed physiologyA heavy impervious seed coat even on large seads, often found on

desert legumes and lupines, promotes long-term\gabdlity.

4. Life cycle Annual and perennials are more dependent onsaspamt soil seed bank than

woody and long-lived shrub and tree species.

5. Ecological associationPlants that are early succession colonizer spehet may occur
only after disturbances and species that dependtioer plants for their development must

maintain viability until a suitable host plant igaélable.



Macropropagation and Clonal Planting Material

India nurtures enormous plant diversity and as na5,000 species of plants have so
far been recorded in India of which 5285 specieargjiosperms belonging to 140 genera are
endemic to the country (Moza and Bhatnagar, 2087)east 10% of India's recorded wild flora
are on the list of threatened species, many owehged of extinction (Singh, 2004). A number
of biologically rich areas like North-Eastern reggchave not been fully explore and studied even
though it encompasses a broad range of ecologatatats (Kushwaha and Behera, 2002). The
plant genetic resources are depleting significadtlg to over exploitation of the plants, Jhum
cultivation and unplanned human activities. Therefb is necessary to develop protocols for
mass multiplication and@onservation of these threatened plant specieqaBation of plants
through different macropropagation techniques liketing, layering, rhizome splitting, seed
propagation, suckers etc are some of the widelyl asehniques for commercially important
plants and threatened species (Kwetaal, 2010; Kipkemoiet. al, 2013). Other alternative
means are the production of clonal planting materiiarough plant tissue culture technique.
However, tissue culture technique involves highest@as compared to different conventional
technique. Further for a layman it is easy to pcacthe conventional technique in the rural
areas. Moreover, mortality rates of the plant sg@ropagated can be maintained very low as

compared tan vitro propagation.

As medicinal plants continue to be the key rolehie treatment of number of diseases,
and they are the only source of medicines in teattnent of people in the developing world in
most cases, conservation becomes a very importaritypy Moreover the toxicity and health

hazard associated with the use of synthetic drandsaatibiotics have renewed the interest in the



use of plants and plant based drugs which increselemand of medicinal plants, but only a
small percentage of medicinal plants traded indrafie solely cultivated. The remaining huge
raw material of medicinal plants is met from theild population. Over exploitation and

indiscriminate collection to meet the market densaoidmedicinal plants supply in fact threatens
the survival of many rare species. Thus, produciogal planting materials through different
techniques like conventional macropropagation dadtgissue culture can solved the problem

by meeting the market demands as well as conservatispecies in the wild.

Many plant species have been propagated succgsdfuibugh macropropagation
techniques particularly the rare, endangered arghtbned plant species and reintroduce into the
wild ameliorating their status in nature. Differeparts of the plant have been used for
macropropagation of different species of plantariany workers for conservation programme.
Following are some works done by various worke3trychnos henningsifgstem and root
cuttings - Kipkemoiet. al, 2013), Eucalyptus globulegstem cuttings- Wilson, 1993),
Triplochiton scleroxylon(stem cuttings- Leakey, 1983Warbugia ugandensiéstem rooting-

Kuriaet. al, 2010) etc.

Therefore keeping in view of the above points, pnesent study was undertaken on
reproductive, seed biology and mass macro-propagaif these two plant specieRaphax

pseudoginsengV. and Paris polyphyllaSmith.) for my Ph.D. programme with the following

objectives:
1. The reproductive biology of the two selected specie
2. Morphological and reproductive change in relationtie age of the plant and the

effect of climatic factors on flowering, fruitinghd seed production.



3. Seed biology, its germination and plant production.

4. Macropropagation of the plants.

5. Reintroduction of the regenerates in the wild.

A brief about the selected species:

A. Panax pseudoginseny/. (Araliaceae)

Ginseng has perhaps the longest momtis history of usage of any healing herb.
Sometimes referred to as tiRoot of Heaven’ginseng is a good example of an ancient herb
that Western medicine is just beginning to study anderstand. In Latin, the worBanax
means Cure all’, and the family of ginseng plants is one of thestweell known herbs. The
English word ginseng derives from the Chinese te&msten literally "man root" (referring
to the root's characteristic shape, resemblingbthety of a person). Ginseng mostly grows
in Korea, China, Japan, Siberia, Vietnam, and N@rtterica and is considered to be one of
the most important plants in herbal medicine, witlany health benefits arising from
consumption of the root and its extractives. A gimg seed can remain in the solil for 18-24
months prior to germination before seeing any sijgrowth. The flowers from this plant
are bisexual (has both male and female organs)asedusually self- pollinating. Wild
ginseng is considered to be superior to domestisegig by many ginseng consumers and
buyers. There are 11-12 recognized species of mipsdepending on the method of
classification (Awang, 2003). The following list @ains all known species of ginseng -
Panax bipinnatifidusSeemann,Panax bipinnatifidusSeemann vaangustifolius(Burk.)

Wen, Panax ginseng. A. Meyer (Korean ginsengPanax japonicu€. A. Meyer,Panax



notoginsend~. H. Chen, C. Y.Wu, et K. M.FengPanax pseudoginseiWallich, Panax
quinquefoliud.., Panax stipuleanatull. T. Tsai et K. M. FengPanax trifoliusL., Panax

vietnamensis Ha et Grushvitskianax wangianuSun, Panax zingiberensi€. Y. Wu et K.

M. Feng.

Figure 1: a. Panax pseudoginsenglant; b. Panax pseudoginsenghizome; c. Panax

pseudoginsengnflorescence; d.Panax pseudoginsenfyuits



Panax pseudoginsenyy. is a perennial herb which grows to a heightlmiida 1m and a
width of 0.7 cm Fig. 1 a, . It has a slow growth rate. It needs partialuib $hade which is
best for growing this plant. It usually does besinoist, well drained soils. The plant has got
tuberous roots, short and fleshy, stems erectekepalmate, long petioted in whorls; leaflets
5-7, margins dendate, hairy on both sides. Infteese in terminal simple umbel; flowers
small, yellowish-greenHig. 1c) Berry globose, slightly compressed, red when, npestly
2-seeded Kig. 1d). Ginseng is used as a stimulant and aromaticrpistemachic and
demulcent, and is considered alliterative, carnireatonic, expectorant and antipyretic. It is
used as a masticatory. It is reputed to have atigedeffect on the cerebrum and a mildly
stimulating action on the vital centers. It is assgonadotrophic agent containing little toxic
substance. Ginseng has a deep influence on metabaind prevents the development of
atherosclerosis. It has the capacity of reducirgi Hilood pressure and raising low blood
pressure to the normal level. For this reasors #dministered in cases of hypertension and
hypotension. Irshen Nung Pen Ts'ao Chingis claimed that ginseng is a tonic for theefiv
viscera, quells animal spirits, establishes thd, sdlays fear, expels evil effluvia, brightens
the eyes, opens up the heart, and benefits thestadding (Bae, 1978). Thus, ginseng was

believed to have not only physical effects on tbdyh but metaphysical effects as well.

The ginseng root has been the focus of many chéstisdies in an attempt to
understand the nature of its active ingredientsnyalants contain a group of compounds
known assaponins but the saponins within ginseng are unique ande haeen
namedginsenosides These compounds resemble steroids and are knewteteacyclic
damarane saponins, which have carbohydrate grdtgzhed at several points. Ginseng root

also contains a group of compounds known pagacetylenes One of



these panaxynolor falcarinol, was able to stimulate neurite growth in cell erdt(\Wang et.

al., 2006).

Numerous studies have been done by difteverkers onP. quinquefoliumandPanax
ginsengand they haveexamined the various ecological relationships (keand Zenger,
1982; Lewis, 1984; Andersoat. al, 1984; Stathers and Bailey, 1986; Andersb996;
Hackney, 1999; Van der Voort, 2005; Shahi, 200&preductive biology (Carpenter and
Cottam, 1982; Lewis and Zenger, 1982; Schlessm@85,11987), chemical composition
(Shim et. al, 1983; Tomodeet. al, 1985; Hansen and Bal, 198@jkino et. al, 1986;
Oshimaet. al, 1987), medicinal properties (Hu976; Dubrick, 1983; Carlson, 1986) and
growth, yield and ratesf photosynthesis, respiration and transpiratiodeurnvariedsolar
radiation and/or temperature conditions (Hu, 19&&et. al, 1980; Stoltz, 1982; Strick and
Proctor, 1985; Konsler, 1986; Proctor and Tsuyjitd86). Yooet. al (2001) reported that
several Himalayan species BRnaxwere taxonomically problematic due to sympatry of
morphologically distinct taxa and the existenceirdérmediatesPanax wangianugsyn.
Panax pseudoginsengS. C. Sun is a perennial, critically endangetestp native to sub-
tropical wet forests of North-East Himalayan regiorespecially in Meghalaya
(Pushpangadan and Nak005). Its rhizome was used as a blood-regulatiadicine a tonic
(Wen, 2007) P. wangianuswas abundantly distributed about a century agovéver, at
present their population is decreasing alarminggdoise of various human impacts such as
urbanization, over exploitation of natural resosygeollution of soil, water and atmosphere
due to coalmine activities which contribute to thebal climatic change (Pushpangadan and

Nair, 2005).



B. Paris polyphyllaSmith. (Trilliaceae)

Figure 2: a.Paris polyphyllaplant; b. Paris polyphyllarhizome; c. Paris polyphyllafruit



Paris polyphyllaSmithis one of the medicinal plants listed as vulneratsider [IUCN
threat category (Madhet al 2010). Paris polyphylla Smith var. polyphyllg Synonym
Daiswa polyphylla(Smith) belongs to the family Trilliaceae. It is anportant perennial
medicinal plant growing under the canopy of moistl #hady places of the north eastern
region and also in parts of Nagaland. Its desanystiare perennial erect herb, 30-100 cm tall;
rhizome stout, creeping. Leaves 6-10 in a whorgrtsktalked, elliptic, finely acuminate,
base cuneate, glabrousd. 2 a, b) Flowers solitary, terminal, short-stalked; petli8epals
(3-)4(-6), lanceolate, acuminate. Petals equalimgber of sepals, (¥2-) 2/3 to longer than
sepals, filiform, yellowish or greenislif. 2c) Stamens 10 or more, short. Stigma lobes
usually 5, re-curved at tips. Fruit globular; sesdarlet Fig. 2d). Usually the flowering

season is April to May and fruiting season is July.

Paris polyphyllaSmith is an important medicinal plant and its rhizomet parused
mainly for medicinal purpose for treatment of diffet diseases. The plant contains saponin
steroids polyphyllin D, dioscin and balanitin7 @t. al, 2012). Rhizome oParis polyphylla
Smith plant is use as antihelmintic, antispasmodigestive stomachic, expectorant and
vermafuge (Madhet. al.,2010; IUCN, 2004; Bhattarai and Ghimire, 2006glses, rashes,
or itching problems (Jamat. al, 2012), to treat liver cancer (kt. al, 2012). The roots are
also fed to cattle with diarrhea and dysentery (Meet. al.,2010). The whole plant can be
used as febrifuge, while roots can be used as esialgantiphlogistic (removes heat),
antipyretic, antitussive and depurative (Yung, 1986ke and Ayensu, 1985)he rhizomes
are used for injuries from falls, fractures, cormwihs and strains (Liang, 2000). It produces
vasoconstriction in kidney, vasodilation in spleamd limbs and stimulates the isolated

intestine (Dutta, 2007, Baral and Kurmi, 2006)islused as a primary herb in the treatment



of liver, stomach, nose, lung, throat and breastcea in traditional Chinese medicine
(Vassilopoulos, 2009Paris polyphyllaSmithvar. polyphyllaplants are facing threat due to
unsustainable harvesting either for commercial gsepor local medicinal uses and the

population is rapidly decreasing in the wild foreENagaland.



Chapter - 2

Floral Phenology and Reproductive and

Seed Biology oPanax pseudoginseny/.

Flowering is pre-condition for fruiting and seedt moany flowers results in poor seed
production especially those angiospermic plant iggewith small flowers and large fruits. The
reproductive performance of the plants and itscifficy determines its survival and therefore
knowledge on reproductive biology is the key fagiothe achievement of plant propagation and
conservation. Plant morphological and biologicareltteristics may limit its population growth
in the wild and therefore macropropagation of thpksmts are importargx situ.Reproductive
biology is an important tool in working out the semvation strategy. The reproductive

performance of the plants and its efficiency deteew its survival and therefore knowledge on



reproductive biology is the key factor in the ackiment of plant conservation (Kumet. al.,
2011). Reproductive bottlenecks includes failurepofiination, pre or post fertilizer barriers
leading to no or poor seed set, poor reproductigervdue to inbreeding depression and very
low germination rates imposed constraints on thdtiplication and survival of the species.
Therefore, any conservation approach has to bedlasan in-depth study of plant reproductive
biology which provides information on seed germmratcapacity, survival rate of seedlings and
adults, age at flowering, reproductive lifespan amdhber of flowers and seeds, seed biology.
Such studies would be fruitful in planning variquregrammes specific to different habitats. The
knowledge combined with clonal propagation willalglp in developing strategies to preserve

the genetic potential of rare species crucial éamtroduction.

Seeds are the fundamental component of the plfentyicle, as they store the genetic
information necessary for the next generation @nfd to disperse, establish, develop and
eventually reproduce to maintain the species. Tbhdyztion, dispersal, survival, longevity and
germination of a plant are dependent on the enmeont factors and site locations. The seed
quality, pre-treatment methods, germination cood#&| pathogenic resistance and the
environmental conditions such as temperature, vatbstrate, and light are the determinants in
germination of seeds. Measurement of soil typ, presence or absence of duff layer and its
types, biogeoclimatic zone, elevation, slope angeets is needed. Canopy cover is the
environmental factor which significantly affectetmicro climate of a site, influencing the solar
radiations, air and soil temperatures, wind spkatidity and rainfall experienced at the ground
(Hanley, 1978).Soil nutrient levels are important because theyeaffseed production,
germination and seedling growth. Soil chemical sial is important for determining site

nutrient status on sites. During germination ligtemperature and moisture are the most



important factors. However, good drainage, soil inn@dand nutrients anpH become important
during the seedling establishment. Optimal envirental conditions either artificially or in its
natural habitat are advisable so that the seeds thasugh the vulnerable stage fast and thus
ensure its survival. Litters and duffs are usudiynd which maintain a cool temperature for the
seedlings. Decay wood has high water retentionaigpand they are good natural seedbeds for

the seeds.

Ginseng has been using as medicine since 2008 yaeak and its description can be
found even in ancient Oriental medical literatuga €t. al, 2011) . Ginseng roots which are
more than five years old before harvested is highlyed and prized?anax pseudoginseny..
which is a native to India can be found in ChinautB Tibet, North Burma, North-east India and
Nepal (Sharma and Sett, 2001). Some plants whigmair considered true ginseng are Siberian
ginseng Eleutherococcus senticogusindian ginseng Withania somniferg, and Brazilian
ginseng Pfaffia paniculatd as they are not from tHeanaxspecies (Baekt. al, 2012). Ginseng
is widely used as a stimulant, for digestion, iasee overall energy, adaptogen, for diabetes, to
increase memory, for impotency, for cancer, forragisiac means, for asthmatic attacks, for

Alzheimer’s disease and for HIV disease (Choi, 2p08

Panax pseudoginseny. is highly threatened in Nagaland due to its eagploitation by
the locals for its local medicinal usage who ovarvest the plants especially the flowering or
older plants which are easily located in its ndthedbitat thus leading to its rapid reduction ® it
population regeneration and size. Moreover thericlgaof forest either for cultivation or
developmental activities highly pose a threat is tlaluable medicinal plant. The limitation of
its population size also lies within the plantlitse its reproductive behavior and its seed habits

Plants shows very slow in its growth and high sjpean its habitat conditions for its proper



growth. The production of very less seeds as coetptr its flower production along with its
long month’s seed dormancy contributes to its pegsulation. The plant is highly threatened and
thus there is an urgent need to conserve this imadljglant bothex situandin situ. Thus, taking
into all these consideration, understanding itsthghts reproductive biology and seed biology

becomes an important priority to understand mohisfplant and to conserve them.

Materials and Methods

Study Sites
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Figure 3: Map of Nagaland showing the four study agas (Natural and artificial).

For the present study two natural habitats wassale One of the natural habitat was the
forest area of Pangsha village near Indo-Burmadyaatian elevation of 2278 m above sea level
(ASL), 26°14°27.2”" N and 95°07°05.7""E under Twarngdistrict, Nagaland, India and another
area was ‘Chida’ and its surrounding forest arel@zakenoma village at an elevation of 1874
m ASL, 25°30°11"" N and 94°13"37"E under PhekritistNagalandFig. 3). The habitat and
morphological aspects of the plant, its dormanegraductive and phenological stage, class

description and their reproductive output, moryatétes, percentage of fruit set, plant vigour,



fruit setting and potentiality of seed formatiorc @ere studied in the study areas. During the
present study the habit and habitatP@inax pseudoginsengas studied and also experimental
plots was created in both the study areas for @xgeatal purpose. During the study certain
microclimatic conditions like canopy cover of thatural habitats, associated plant species and

level of anthropogenic disturbances were studiebcanrelated with reproductive behaviors.

Besides the above two natural habitats, two adifibabitats was created to study the
adaptability of the species away from their naturabitat. After collection from the natural
habitat, the plants were planted in polybags aadsported to the artificial habitats where they

were planted in potting mix as described below.

Figure 5: a. Panax pseudoginsent Aradura hill showing stunted growth; b. 2-leavesnon-

flowering plant; c. Panax pseudoginsenglants established in green house in Mokokchung;

d. Panax pseudoginsenfjuits showing non-seed bearing umbel.

Aradura hill and Penli ward: Plants collected from the wild were introduced e t
Aradura hill, Kohima district, Nagaland, India inpeotected forest area at an elevation of 1384
m ASL, 25°38°49.5”" N and 94°06°23.6""E and Perdrdy Mokokchung district, Nagaland at an
elevation of 1259 m ASL, 26°19°17.1"° N and 94°318) E fig. 3 and Fig. 5 a, c) At

Aradura hill, the ground soils in the planting areas dug up to a foot deep and the distance



between two dug pits was maintained at 1 m. Deffersoil mixture was prepared by mixing

decayed wood, sand and top soil as follows:

1. Manure soil by mixing decayed wood, sand and teglbtoil at a ratio of 1:1:3.

2. Mixture of cow dung, sand and top black soil aaorof 1:1:3.

3. Only to black sail.

4. Mixture of decayed wood, sand and top black sod edtio of 1:1:3 with a moss topping.

The mixtures were sundried for one week beforeiqitinto the pits or to the pots. The
plants were watered only during the dry seasonallysfitom October to April thrice in a week.
Plants were monitored constantly for its growth aledelopment. Change of the soil manure
was done every year in potted plants to ensuréemtiivailability to the plants.

The experimental beds were provided with diffedr@ded conditions as below:

a. A part of the pits were provided with full shade.
b. Part of the pits was provided full sun light with@ny shade.
C. Some plants were kept in poly house ca. 75% shade.

Plants grown in different soil mixture, their adamn outside the natural habitats, effect

of temperature and shaded conditions on the plamtth and development were studied.

Reproductive Biology

The reproductive phenology and floral morpholodie ltime of budding, anthesis and
stigma receptivity, different stages of anther dewment, anther dehiscence, different stages of
flowering during its inflorescence till its fruie#ting, correlation between leaf morphology and
flowering, dormancy exhibition and their percentagthin the population, reproductive output

in the plant as well as comparison of the outputsdifferent stages were studied. Floral



phenology ofPanax pseudoginsengt Chida and its surrounding forest area (Khezakeno
village) and the forest area of Pangsha villagesveemparatively studied. Plants were observed
from the time of its sprouting of shoot buds fra ihizome till its senescence. Flowers were
dissected and studied to know the maturity of ti&er@nt pollens within the same flower,
stigma receptivity, timing of the anthesis wereedoind observed. The stigmatic lobes in co-
relation to the number of seeds were also studladbrder to estimate flower production, total
number of flower per plant was counted manuallythe selected plants. Different stages of
flowering and the nature of flowering within and @mg the same species within a growing
population with the timing of the flowering was died in its natural habitat. Correlation
between leaf morphology and flowering in differetdss stages of the plant and understanding
the plant vigor in each class stages was also tagbdhe present study. The associated plant
species which were usually found growing alongsigeplant were also noted and account for
within a five meter parameter range to study te#ect on the growth dPanax pseudoginseng

and their vigor.

Stage class description and reproductive performanBlant height measurements are usually
taken during the middle part of April where alm66&s of the plants have already attained their
average height. Plants studied in the selected aneigs natural condition were categorized into
different stages of plants according to the nundfdeaves present on them and were tagged as
numbers 1, 2, 3, or 4 to indicate the leaves ptaesethem. Relationship between the class stage
and reproductive performandeanax pseudoginsenglants were studied during the present
investigation. Plants were studied both under veskand non-reserved forest. Besides this the
number of plants in each stage class and theireptage of plants that was dormant the

following year was taken into account by carefuldst in its natural condition. Reproductive



output of each stage class was studied taken ttouat the number of pedicels formed per

plant in all the class stages of the plant andgrgege of pedicels producing fruit.

Mortality rate: Mortality rate of the plants was studied by cougtthe roots where no plant
growth occurs from the rhizomes. The roots thatewagged according to the number of leaves
the previous year and which shows no growth theviehg year are carefully dug to see whether

the roots are exhibiting dormancy or has decayed.

Seed Biology

During the present study the quantification ofroelctive performance in the form of

seed setting, maturation etc. were studies follgwdifferent parameters as below:

Correlation of plant morphological vigor, and inflescence in relation to fruit setting

Relationship between morphological plant vigor asdroductive outcome (fruit setting) was
also investigated during the study. Besides thospmarison of the number of inflorescence in
relation to the percentage of fruit setRanax pseudoginsemngas studied. This was done from
April-June. Here co-relation of the age of the onie and fruit seeding was studied along with

the output of fruits in an inflorescence.

Seed setting in relation to different hand pollinah treatments:

Three different pollination treatments were perfechwhere 10 healthy three leaves plants were
selected for each treatment. These pollinationtrtreats were done in order to find out the
effects of seed setting in plants through self- emods- pollination process. This hand pollination
technique was used on the same flower, betweenflomers on the same inflorescence and

between flowers of different inflorescences on tdifferent plants. A small water colour



paintbrush was used. The brush was ensured thasitotally cleaned and dry, so it was washes
in running water and air blown dry before its usd@@lination was done early in the morning at
6:30 -7:30 am when the weather is in dry conditidriee brushes were gently swirled around the
selected stamen of the male flower and then thkeqmicollected on the brush were carefully
swirled on the stigma of the selected female flowérey are then wrapped around using mesh
clothes and then fasten the wrap around the peelwsthg threads. This process was repeated

for five-six times using the same selected planting its flowering period.

Different pollination experiments were done asdof:

a. For self pollination, 5 selected individual flowdrem each inflorescence of 10 plants is
carefully bagged with fine nylon mesh clothes amel surrounding unselected flowers in
the same inflorescence is removed with the helfingf forceps to prevent from cross

pollination and overcrowding.

b. For cross pollination of different flowers in thanse inflorescence, 10 selected individual
flowers from the inflorescence is carefully baggeth fine nylon mesh clothes and the
surrounding unselected flowers in the same infloease is removed with the help of fine
forceps to prevent from cross pollination and ork@scling. Here in each of the 10
inflorescence, 5 selected flowers are emasculatedelmoving their stamens before
anthesis. These emasculated flowers are pollineaadomly from the rest of the 5

selected flowers in the same inflorescence.

c. For cross pollination between two inflorescencalifferent plants, one plant is selected

among them where five flowers per umbel are sealecsndomly, emasculation of



stamens from the five selected flowers were dorferbeanthesis. Both the plants are

covered in mesh clothes to prevent pollination frautside.

The flowers are then tagged with their date of emlasion and date of pollination along

with the number of flowers emasculated in the cds®oss pollination between two flowers.

Potentiality of seed formation and comparative apsis of seed maturation in the two study
areas Random selection of 15 plants in the green house wraertaken for the counting of

seeds per berry. Stigmatic lobes during the ardkiscence were also studied.

Seed germination Panax pseudoginsengV. seeds were collected from the natural
habitat/population in the study areas in the maiit®ctober when berries were matured. Seeds
were collected from both the umbels as well asdhafien from the mother plants. Care was
taken to ensure that the seeds collected fromi¢the dre not injured or infected. The collected
seeds were wrapped in moistened cotton and putght polybag and transported to the
laboratory within two days. In the laboratory see@se washed thoroughly in running tap water.
The outer cover of the berries were removed mayweld washed again in running tap water
followed by air dried to the seeds. The seeds wabgected to differential stratification before

sowing in the seed beds as described below:

1. The processed seeds were put in autoclaved &ar@-3 cm deep in trays. Trays were
perforated in order to good water drainage anddawaiter logging. The trays were maintained at

25°C for three months and watered thrice a week.

2. These trays were then transferred’® i refrigerator for 1-7 months.



3. The stratified seeds were then sowed in tweefit seed bed viz. (a) mixture of normal top
soil, decayed wood powder and sand at 3:1:1 rated bed 1), and (b) a mixture of normal top

soil, decayed cow dung powder and sand at 3:1id (sged bed 2).

The stratified seeds were sowed in both the sedd at a depth of 4-5 cm below the soill
surface and spacing between the seeds and row aedamed at 12-15 cm. The seed bed
mixture was sundried before preparing the beds.egagh treatment 10 seeds were sowed and
repeated thrice. The beds were watered thrice & aee the emergence of radical was used as
the marker for seed germination. The seedling dpesl from the germinated seeds was

maintained in the seed bed for one year beforsfiearng to the field/wild.

Results

Habit and habitat Present study was undertaken in two natural haliiahes (Forest area of
Pangsha village under Tuensang district and Chidd &s surrounding forest area of
Khezakenoma village under Phek district) and twiicel habitats Fig. 3, Table ). A total of

5 populations were studied from two niches and emeh from the stimulated habitats. During
the study it was observed in both the niches Bzatax pseudoginsergyows luxuriously under
canopy cover over 80% shadeable 2) (Fig. 4 a.)and undisturbed areas. It was also recorded
that wherever the canopy cover was <80%, did nppeu healthy growth of plants. In the
habitat wherever there was human disturbance, nuofhedividuals were very few or almost
absent. Among the two natural habitats studiedd&hnd its surrounding forest area supported
large numbers oPanax pseudoginsendhis is due to the fact that the area was contipata

undisturbed as the area is protected by the vildadgleority.



Figure 4. a. Panax pseudoginsenglants in natural habitat; b. Associated species gwing
in the natural habitat along with Panax pseudoginseng

Table 1: Demographic studies oPanax pseudoginseng Nagaland, India

Duration of study

Number of poplations

Sl. No. | Study location/site
1 Tuensang 4 years 3
2 Phek 3 years 2
3 Kohima 3 years 1
4 Mokokchung* 4 years 1




* Under green house condition.
Note:
1. Panax pseudoginsengas studied irChangand Khiamungantribal areas in Tuensang
district.
2. In Phek district study was conducted at Chida arehits adjoining forest area.
3. In Kohima study was conducted in artificial habitathe protected forest of Aradura hill.

Table 2: Site characterization ofPanax pseudoginsenpabitats in Nagaland

Study site Panax GPS coordinates Canopy Disturbances
pseudoginseng closure* (%)
collected and
studied
Tuensang Pangsha area 2278 m ASL 86 High human
(26°14°27.2"°N and interference
95°07°05.7"E)
Phek Chida and its 1874 m ASL 88 Limited human
surrounding (25°30"11”" N and interference
area 94°13'37'E)
Kohima Aradura hill 1384 m ASL 84 Protected area
(25°38°49.5"°N and
94°06°23.6"'E)
Mokokchung Penli ward 1259 m ASL 80 Green House
(26°19°17.1"°N and Condition
94°31°09.8"")

* Most of thePanax pseudoginsemngas found growing where there is more than 80% esliad
the natural habitats.

* There is high human interference in many locatidne to its ethno-medicinal uses.



Table 3: Herbaceous common associated plants foumithe Panax pseudoginsengiches

Sl.no Name of the herb Family

1. Artemisia nilagirica Asteraceae

2. Dicentrasps. Fumariaceae
3. Girardina heterophylla Urticaceae

4. Impatienssps Balsaminaceae
5. Pilea umbrosa Urticaceae

6. Aconitium sps. Ranunculaceae

Note:

1. The above table gives generalized common phlahish are found within 5 m parameter
wherePanax pseudoginseng found growing in its natural habitats.

During the present study it was observed thatettveere some common herbaceous
plants species found in most of the populationsath the niches within 5 m paramet@&able
3). Some of the plants commonly found associated thighplant and which were found within
the vicinity of 5 metres parameter wedatemisia nilagirica (Asteraceae),Dicentra sps.
(Fumariaceae),Girardina heterophylla rticaceae) Impatiens sps (Balsaminaceae)Pilea
umbrosa(Urticaceae) Berberis sps. (Berberidaceae\conitiumsps. (Ranunculaceae$milax
sps. (Smilacaceae), Schizostachyum dullooddaceae)Schima wallichi(Theaceae)Alnus
nepalensis(Betulaceae) Rhododendron arboreué Ericaceae)Quercussps. (Fagaceae) and
Taxus baccatgTaxaceae). Bamboos, Ferns, Bryophytes, MushroamsLi&chens were also
found in abundance. Oak tree was the most comneenithere ginseng seems to grow nearby or
at its foot of the trunkKig. 4 b). Further it was recorded that wherever these &ssocspecies
were presentP?anax pseudoginsemnggistered healthy growth compare to the areasemmnese

species were absent.



Beside the natural habitats, the plants were aiotained in two artificial habitats-One
poly house at Penli ward, Mokokchung and anothewond grown natural forest at Aradura
hill, Kohima to study the adaptability of the speiaway from the natural habitat and correlate
with reproductive performance. In geneRdnax pseudoginserexhibited poor adaptation to
artificial habitat. The plants maintained in Araaunill (Kohima) exhibited stunted growtFki.

5 @). It was observed that though the plants/rhizoemeained alive, the rhizome dormancy was
very high and failed to sprout in the subsequestr yad only few rhizomes could sprout and
produce plants. Most plants were mostly 2-leafestgd failed to flowerKig. 5 b). However the
mortality of the rhizome and roots was very less.

Compare to Kohima, plants maintained in Penli wadkokchung were better adapted
though the progressive acclimatization was veryr bigy. 50. Plants exhibited gradual increase
in its height, exhibition of flowering in subsequegrears and bearing of young fruits. Though
plants started flowering, failed to mature and lesuin pre-mature fruit fallKig. 5d). During
the study it was recorded that if the plants amgosgd to sunlight or even increased illumination
there was gradual death of the above ground pkamts€Pin absence of sunlight showed healthy

growth and development but most plants were inatgetative stage only.



Reproductive Biology

Figure 6: a. Panax pseudoginsengnflorescence; b.Panax pseudoginsendloral buds; c.
Flowers at bloom; d. An enlarged flower showing thedifferent floral parts; e. Anther

dehiscence; and fPanax pseudoginsengtigmatic lobe.



Figure 7: a. Panax pseudoginsengmbel inflorescence bearing immature fruits; b. Umlel
with matured fruits; ¢ & d. One and two seeded beries.



Table 4: Reproductive phenology oPanax pseudoginseng

Parameters Observations
Height of the plant Upto1lm
Sprouting of rhizome Mid- February
Full leaf expansion 2" week of April
Bearing of inflorescence 2-leaves plant onwards
Type of inflorescence Centripetal
Flower size 2-3 mm
Flower colour Light green
Flower type Bisexual
Flowering period Late May —Early June
Flowers per Umbel 50-65
Nature of flowering Continuous
Ovary Inferior
Stigma Bilobed
Anther color Faint yellowish white
Number of stamens 5
Stamen position Between sepals
Pollination Self-pollination
Time of anthesis 6:30-7:30 AM
Time of anther dehiscence 7:30-8:30 AM
Temperature for seed production 18°C-23°C
Transition from flower to 12-15 days
immature berries
Mature berries Last week of June
Fruit size 0.4-1.2cm
Fruit set % 4.24
Fruit dispersal September-October
Dispersal of seeds Gravity and birds
Senescence October




Panax pseudogingsendy. grows to a height of about 1 m in height. Sgpirau of the
rhizome takes place from mid-February onwards hdyend late sprouting can be seen in some
plants. Full leaf expansion occurs by second weekpril with the bearing of inflorescence
from 2" leaf onwards. Centripetal inflorescence is exhibitere flowering occurs blooming
from the base of the inflorescence to the tip @f ithflorescenceHig. 6 8. Continue nature of
flowering is exhibited. Flowers are light greercwior with green petals of 5, calyx lobed with 5
in number, fused carpels with 5 anthers. The flevae very small and inconspicuous with just
2-3mm in size. The flowers are bisexual. Flowenpggiod starts from late May to early June
with 50-65 flowers per umbel. The anthers protrodé and surround the stigmatic lobe. The
stigmatic lobe is green when young. Ovary is imferThe flowers at the outermost edge of the
umbel inflorescence open first and then floweringrts in the inner flower buds. Anthers
produce large amount of pollens and the pollen ftbenanther falls on the stigmatic lobes once
the petal opens and fertilization begins as itlmeadhe ovary through the style. Anthers of the
same flower dehisce in different timingig. 6 b-f). Insects such as small flies and moths were
seen on the flowering plant but they can be eitlgtors or pollinating agents. The plants are
self pollinated. Stigma is usually bilobed. Theitigh of anthesis is between 6:30- 7:30 A.M,
followed by the dehiscence of anther from 7:30-883M onwards. Fertilized ovary converts
into greenish round berrie§i§. 7 a) The immature green berries forms in its tighticked
umbel and shortly after 1-2 weeks it forms into et red berriesHg. 7b). The fruit
production increases with age and size of the plaet berries usually contain 1-3 seeds. The
maturity of berries starts from the outer most edige proceeds towards the centre of the umbel.
It was found that two different types of seeds ghigpms inPanax pseudoginsenyvhen the

berries contain one seed, the seed is roundishapesand when it has two seeds, the seeds are



peanut shaped while the three seeded berriesiamgutar in shapeHg. 7 ¢, d. Further it was

recorded that only ~4.24% results in setting ofitfand the rest of the fruits were either
aborted/seedless. The production of seed®aimx pseudoginserrgquires a higher temperature
of 18-23°C which usually occurs during the mid-suenreeasonTable 4). Seeds are usually

dispersed by gravity, winds, small animals andsird

Figure 8. Panax pseudoginsenglants of different leaf class stages. a. 1-leafait; b. 2-

leaves plant; c. 3-leaves plant and d. 4-leaves pta



Table 5: Stage class description: Number of plantdN) in each stage observed during 2011-

2014, in relation to the number of leaflets and hght

Stage N (Number of Mean number of Height (cm)
plants) Leaflets
Seedling 192 3.4 6.3
1-leaf 116 4.4 14.2
2-leaves 143 9.1 16.3
3-leaves 177 15.8 27.8
4-leaves 67 21.3 40.1
Note:
1. Height measurements are usually taken during thaglmipart of April where almost

2.

90% of the plants have already attained their marirheight on an average.
There is a positive co-relationship with the stalgess and the height and the number of
leaflets of the plants.

Table 6: Number of plants in each stage class for years interval and their percentage of

plants that was dormant the following year under catrolled conditions

Year 1-leaf* 2-leaves* 3-leaves* 4-leaves*
N n % N n % N n % N n %
2011 13 1 7.69 23 2 8.6p 14 24.28 3 1 3333
2012 19 1 5.26 21 2 9.5p 18 36.64 2 0 00.00
2013 24 0 0.00 34 3 8.8 26 31.52 2 0 00.00
2014 31 1 3.23 28 2 T7.14 17 21.7& 3 1 33.33
Average % 4.05 8.54 13.55 16.66

* N: Total plant studied, n: Number of plants remained dormant.

Note:

Dormancy inPanax pseudoginserglants are more like in the higher stage plards th
lower stage plants.

There is a distinct rise in the increase of plawhthncy from 2-leaf onwards.

However, 4-leaf plants data is too small to be nakeo account but the data itself
indicates its probability shows it's more likely ¢@ into the dormancy period than the
lower stage plants.

2-leaf plants are the most frequently emergenttplance the plant undergoes dormancy.
Many a times the dormant plants maintain their @lass stage; however there is also
progress and regress in their class stage afterdienancy.

Dormancy for even up to 2 years has being notedaw.



Table 7: Reproductive output of each stage class;umber of pedicels per plant and

percentage of pedicels producing fruit

Stage Number of | Pedicels per | Percentage pedicels Seeds per
plants plant in class | forming drupes (%) | reproductive plant
studies

2-leaves 26 6.1 16.4 2.1

3-leaves 121 28.3 19.3 8.9

4-leaves 47 46.1 23.7 14.5
Note:

* No inflorescence in 1-leaf plants were observed

* Inflorescence and berry production starts from &-lplants onwards. However their
mortality rate is very high.

* Usually the number of seeds present per berry geetled to 2- seeded. However, 3-
seeded berries are also observed usually in 4$laafs and onwards.

* Mostly the 2-leaf plants produce 1- seeded bewiate in 3-leaf to 4-leaf plants, usually
double seeded berries occurs in maximum on an geera

* Reproductive output and their success is more 8deaf plants and above.

» There was variation among the different populatiohBanax pseudoginseng its time

of berry production and ripening.



Table 8: Mortality rates in each stage class

Green House Condition

Year Seedling 1-Leaf 2-leaves 3-leaves 4-leaves
N n % N n % N n % N n % N n %
2011 18 3 16.7 13 3 23.1L 23 2 8.7 a4 00.0 30 O
2012 19 4 211 19 5 26.8 21 2 9.5 8 11.1 20 O
2013 15 3 20.0 24 4 16.f 34 0 0.0 P6 3.8 20 O
2014 23 4 174 31 4 129 28 1 3.8 a7 00.0 30 O
Average 18.8 19.7% 5.5 3.7 0
Natural Habitats
Year Seedling 1-Leaf 2-leaves 3-leaves 4-leaves
N n % N n % N n % N n % N n %
2011 41 12 29.3 96 18 18 84 06 5.7 0634.7 111 9.1
2012 37 09 243 83 2217 96 11 7.5 0423.6 13 0 0.0
Average % 26.8 18.3 .66 4.2 4.6

Note:

Stage class description, dormancy and reproductperformance During the present study
effort was put into to study the correlation betweeumber of leaves, plant height and
reproductive outcome. It was found that there wa#farence in number of leaflets among the

same class stage. Thus average mean was calcidateoth the height and the leaflets present

N-Number of plants

n-Number of plants that died

This table gives an outlook on the mortality of plats in relation to its leaf stages.

in same class stag&dble 5). It was found that mean plant height was directiyrelated with

number of leaves. Plant height was found to be éetw14.2 cm (1 leaf) to 40.1 cm (4 leaves

stage) and there was a positive correlation betvpdgamt height and the number of leafleEsg(



8 a-d). The mean number of leaflets ranged betweend324L13 from seedling to 4 leaves stage
which are corresponding with plant height (6.3—46n). Seedlings exhibits lesser height as

compared to other class stages.

In the present study it was found that rhizome @oray was associated with the leaf
class stage. The number of plants in each stags fda and their percentage of plants that was
dormant the following year was taken into accountchreful study in its natural condition. It
was found that lesser the number of leaves, rhisowere less dormant in the subsequent year
(Table 6). Dormancy inPanax pseudoginsergants are more likely in the higher stage plants
than in lower stage plants. There is a distiné msthe increase of plant dormancy from 2-leaves
onwards. However, 4-leaves plants data is too stodle taken into account but the data itself
indicates its probability which shows it's moredii to go into the dormancy period than the
lower stage plants. 2-leaves plants are the meguéntly emergent plants once the plant breaks
its dormancy period. Many a times the dormant glanaintain their own class stage; however
there is also progress and regress in their ctage after their dormancy. Dormancy exhibition

even up to 2 years have being noted.

Besides rhizome dormancy, reproductive output chestage class were studied taken
into account the number of pedicels formed per tplarall the class stages of the plants and
percentage of pedicels producing fruit. There wasnilorescence developed in the one-leaf
plant. Inflorescence and berry production stamsnfi2-leaves plants onward§aple 7). In the
present study highest number of pedicels formati@as recorded from 4-leaves plant (~46)
followed by 3 leaves (~28) and two leaves (~6)cPet pedicle forming drupes and formation of
seeds per flowering plants also exhibited a sintiland. However their mortality rate was very

high. Usually the number of seeds present per bertyseeded to 2- seeded, however 3-seeded



berries were also observed usually in 4-leavestpland onwards. Mostly the 2-leaves plants
produced 1- seeded berries while in 3 to 4 leavastp usually double seeded berries are

yielded. Reproductive output and their successma@ from 3-leaves plants and above.

While there was a positive correlation between #ags stages, dormancy of rhizome,
seed development but as far as mortality is comckrh exhibited reverse correlation. Mortality
rate of the plants was studied by counting thesr@dtere no growth of plants occurs during the
growing season. The roots that were tagged acaptdithe number of leaves the previous year
and which shows no vegetative growth the followysgr are carefully dug to see whether the
roots are exhibiting dormancy or has decayed. & whserved that highest mortality was in
seedling stage followed by one leaf, two leaveegheaves and four leaves respectively. This
study was conducted in both natural habitat as ageHrtificial habitats. In both kinds of habitat
similar response was observed though the mortatsywas comparatively lower in the artificial

habitats Table 8).

Class stage and reproductive performand¢uring the present study effort was put into talgtu
the correlation between leaf class stage and fliogeiThe study was conducted in the natural
habitat as well as in the artificial habitat. In shof the cases it was found that plants remained
non-flowering. Further it was found that plant widthe or two leaves remained non-flowering.
There was no flowering from the plant with one lediile two leaves plants ~81% plants
remained recalcitrant to flowering. Flowering statmproved with the increase in leaf number.

Among the plants studies, ~90% plants produceddtomith the plants with 4 leavegdble 9).

It was found that there was a direct relation betwéhe age of the rhizome and the

morphological vigor of the plant such as the stesigit, mean number of leaves/leaflets and



potentiality of fruit setting Table 10) The plant height ranged between 7.2 cm (one gkhr

rhizome) to 29.2 (9 year old rhizome). It was oledrthat plants produced from younger
rhizomes were mostly non-fertile and up to two getirere was no blooming of the buds.
Inflorescence, flowering and fruit setting wereaeted from the third year onward. Though the
fruit setting was observed from the third year ohie, number of flowers per inflorescence and
per centfruit setting was very low (1.71%J éble 10, 1). As the rhizome aged, bud blooming
and fruit setting performance improved and as tagh~10% fruit setting registered from the

plants with 9 years old rhizom&dble 10, 1).

Table 9: Relationship between the class stage an@productive performance of Panax

pseudoginsenglants

Sl. No Class stage Number of No. of plants % non-flowering
plants studied flowering/non- plants
flowering

1 1-Leaf 23 0/23 100.00

2 2-Leaves 48 9/39 81.25

3 3-Leaves 16 11/5 31.25

4 4-Leaves 21 19/2 9.50

Note

» Plants were selected in a given location where e found under reserved forest.

* Vegetative plants were very highRanax pseudoginsemjants.

* Most of the vegetative plants lie in the class-tédf and 2-leaf plants.

* In nature, majority of the plants were 2-leaf ptaabhd many of them were found to be
non-flowering.



Table 10: Relationship between morphological plantigor and reproductive outcome (fruit

setting)
Age of the | Stem height [ Mean number | Mean number of | Mean percentage
plant (cm) of leaves leaflets of fruit set
1 year 7.2 1.00 3.42 0
2 years 8.3 1.01 448 0
3 years 10.1 1.63 5.62 1.71
4 years 13.8 1.96 8.34 2.02
5 years 15.3 2.17 11.01 3.29
6 years 17.6 2.43 11.97 5.11
7 years 20.2 2.72 12.44 7.14
8 years 24.8 2.95 13.84 8.75
9 years 29.2 3.22 15.46 10.22
Note:

» The morphological characters of the plant highlyedmine the plant vigor. Matured

plants exhibit more vigor as compared with yourjgants.




Table 11: Comparison of the number of inflorescencen relation to the percentage of fruit
set inPanax pseudoginseng

Age Mean number of flowers Mean percentage of fruit set
per inflorescence

1 year 0 0

2 years 0 0

3 years 6 1.71
4 years 8 2.02
5 years 18.33 3.29
6 years 29.6 511
7 years 44.30 7.14
8 years 56.5 8.75
9 years 61.46 10.22

Note:
» Higher aged plants exhibits more berry producti@ntlower aged plants.
» There is a wide distinction in the production dfonescence from 5 years and above.
* The setting of fruit is generally very low as comgzhto the number of flowers in the
inflorescence. This can be due to the length ofpibgticel in relation to the size of the
fruit produced and the size of the inflorescence.

Seed Biology

Effort was put into to determine the reproductivépoit in terms of seed formation.
Species ofPanax are known to produce fruits with variable number sgfeds. InPanax
pseudoginsenghree different types of fruits were recorded. wWne seeded, two seeded and
three seeded. It was found that number of seedéryiemwas depending on the number of the

leaves in the plant. Lower the number of leavesrghvas more one seeded fruits and with



increase in leaves, number of seeds per fruit asae Table 12) The presence of one seeded
fruits was very prominent in 2 leaves plant butr¢his sizeable decrease in the presence of one
seeded fruits as the number of leaves on the plargases. Likewise, gradual increase in three
seeded fruits occurs as the plant acquires moneded’'wo seeded fruits were found to be

dominant in the plant in all the studied areas.

Panax pseudoginseny/. seeds can be produced from the plant through belf-
pollination and cross-pollination. Self pollinatisras found to be better than cross pollination in
terms of seed productivity and output. However é¢heere not much of variable differences
between the success in seed productivity, seethgetitirough self-pollination and cross-

pollination.

Figure 9: a & b. Seed bed preparation; ¢ & d. Seetlg developed from germinated seed; e.
Young plants in the pots; f. One year old plantletsof Panax pseudoginsengeady for
transfer to the field.



Table 12: Relationship between the class stage apdtentiality of seed formation in Panax

pseudoginseng

Number of leaves 1-seeded fruits 2-seeded fruits 3-seeded fruits
per plant % % %
2-leaves 57.1 42.9 00.0
3-leaves 30.8 66.7 02.6
4-leaves 7.9 75.0 07.1
5-leaves & above 7.4 69.6 13.0
Note:

* Random selection of 15 plants was undertaken ctiunting of seeds in the berries.

» The percentage of 2-seeded berries is more as cethfzal -seeded and 3-seeded berries.
* There is however lower 2-seeded berries in 2-l&ftp.

* The leaf number determines the number of the sesitte the berries.

* Matured plants produce more berries than youngglan

Table 13: Effect of stratification on seed germinabn of Panax pseudoginseng

Warm Cold % Time for % Time for
stratification | stratification | germination | germination | germination | germination
period at 25°C | period at in seed bed (days) in seed bed (days)

(Months) 4°C (Months) | 1* (+SE) 2%

0 0 10.00 (0.5) 425 8.20 (0.3) 425
0 1 0.00 - 0.00 -

0 2 0.00 - 0.00 -

3 3 38.25 (0.4) 12 24.20 (0.2) 17
3 4 68.20 (0.7) 14 52.40 (0.3 18
3 5 41.30 (0.5) 11 29.20 (0.2 14
3 6 26.00 (0.3) 17 14.10 (0.2 17
3 7 9.10 (0.2) 14 3.10 (0.1) 8

+SE: Standard error from mean.
* Seed bed 1: Mixture of normal soil, decayed wooduna and sand in 3:1:1.
** Seed bed 2: Mixture of normal soil, decayed odwng manure and sand in 3:1:1.



Panax pseudoginsengeeds were collected from the natural habitat/@djmun in the
study areas in the month of October when berrie® weatured. Seed beds were prepared as
described in materials and methodisg( 9 a, . The seeds were stratified differentially as
described in materials and methods before sowintipenseed beds. The seeds sowed without
stratification remained recalcitrant to germinati®eeds stratified at 25 for three months
followed by cold stratification at°€ for 1 to 7 months proved to be beneficial fordsee
germination Table 13. Under controlled condition ~10% seed germinatiecorded after 425
days in seed bed 1 while 8% seed germination exgidtin seed bed 2 after 450 days of sowing.
Warm stratification for 3 months followed by colttaification beyond 3 months was found to
be promotory for seed germination in both the dwss. Of the two seed bed condition studied
in the present study, seed bed prepared by miongal soil, decayed wood powder and sand at
3:1:1 ratio found to be better for seed germinati@hthe different stratifications tested in the
present study, warm stratification followed by cdlatification for 4 months before sowing
supported optimum seed germination in both the deeld. Within 14 days after sowing in the
seed bed 1 ~68% seeds germinated by emergencdicdliréollowed by formation of seedling
(Fig. 9 c), while in seed bed 1 ~52% seeds registered genmmaifter 18 days of sowing.
Though emergence was observed within 14 days ofngpweedling formation was achieved
after ~6 week of sowing seedlings with green ledeesed after 3-4 monthg={g. 9 d). Seed
stratified at 4C beyond 4 months reduced the germination and seatified for 7 months
registered only 9% germination. The seedling cds$ one leaf with 3-5 leaflets and leaves
were light green immediately after sprouting anolhwy turned green as they matured. It was
found that seedlings maintained in the seed becrk wealthy and dark green while seedling

maintained in the seed bed 2 exhibited stunted ipgwOf the germinated seedlings ~ 27%



seedling died within one month due to stem rootiagd yellowing of leaves. The
seedlings/young plantlets were maintained for Ir yesdiore transferring to the wildrig. 9 @.

The seedlings were transferred in the wild and too&d for one year.

Discussion

Present study was undertaken in two natural haliiahes- Forest area of Pangsha
village in Tuensang district and Chida and its suinding forest area of Khezakenoma village in
Phek district along with two artificial maintaindehbitats. During the present study it was
observed that growth and population density Refnax pseudoginsengreatly differed in
different natural habitats. It is well establishiagdt that every individual species has its own
requirement for growth whether natural or artifidiabitat. In general the genBanaxis shade
loving plant (Xiaoet. al, 1987) and primarily grows in primary forest. Toleservation of the
present study is also in agreement with the repoft®ther workers (Xiacet. al, 1987;
Venugopal and Ahuja, 2013). It was found in all thatural habitats studied th&anax
pseudoginsengrew luxuriously under canopy cover over 80% sheautk altitude above 1850 m
ASL in undisturbed areas. At lower altitude andheigillumination, plants did not grow healthy.

During the present study one interesting fact olesbwas the presence of some common
herbaceous plants species in all the natural nic\dserever these associated species were
present,Panax pseudoginsenggistered healthy growth compare to poor growtlhef plants
where these associated species were absent. #sisnad that there might be some kind of
mutual interrelationship (symbiotic?) that exisetvileenPanax pseudoginseramd its associated
herbaceous plants. In the recent past a simildirfqiwas reported by Langhu and Deb (2014)

with Aconitum nagarumwhere they have reported the influence of assettiapecies on



flowering of A. nagarum In the present study some of the common assdcsgtecies recorded
are Artemisia nilagirica (Asteraceae)Dicentra sps. (Fumariaceae)Girardina heterophylla
(Urticaceae), Impatiens sps (Balsaminaceae)Pilea umbrosa (Urticaceae), Berberis sps.
(Berberidaceae)conitiumsps. (Ranunculaceaedmilaxsps. (Smilacaceae),Schizostachyum
dullooa (Poaceae)schima wallichi(Theaceae)Alnus nepalensigBetulaceae)Rhododendron
arboreus( Ericaceae)Quercussps. (Fagaceae) aidxus baccatdTaxaceae). Bamboos, Ferns,
Bryophytes, Mushrooms and Lichens are also founabundance whereanax pseudoginseng
was usually found.

Besides the natural habitats, two artificial haisitwere used for the experimental
purpose to study the adaptability of the speciesmd@w environmentPanax pseudoginseng
exhibited poor adaptation to artificial habitat. WaPanax pseudoginsendhizomes either
remain dormant and fail to sprout out or the plailtto flower in the wild. The plant is a long
lived perennial plant but the species is being -@xgloited along with other species Banax
for medicinal purpose in Nagaland and their nathedlitats are getting destroyed rapidly. The
plant hasreduced drastically and entered under threatentedy@sy as the species has very poor
adaptive capacity. The species can survive ovet5igears but in Nagaland it is very rare to
find rhizome above 30 years. Besides anthropogdistarbance, another reason for downsizing
of their population is the susceptibility to funghteases and nematodes. These attack the root
and stem of the plant and often small coloniesnts éorm on the soil where the plant grows that
attack the peduncle and rhizome. Empty skins ofrtiaés were found frequently in cultivated
olderPanax pseudoginsergiants.

It was observed that compare to Kohima; plants tasiad in Penli ward, Mokokchung

were better adapted though the progressive acdhat@n was very poor. Plants exhibited



gradual increase in its height, exhibition of flowg in subsequent years and bearing of young
fruits. This could probably due to the fact thabugh the altitude in Mokokchung district is
lower compare to Kohima experimental plot, yetmsige and constant care can be easily given
and done. Moreover unlike the open natural foiigstih Aradura hill, the green house monitors

the humidity, temperature and sunlight.

In the present study it was found thiRdnax pseudoginsengenerally starts flowering
only after they are 3-4 years old but many plaaiked to flower even after 5-6 years or did not
flower for 3-4 years consecutively. Flowering d¢amts are influenced by various factors like
morphophysiological and physical environment suntbng the species. These factors influence
a lot on the reproductive age and reproductive mi@tity of the species. Favorable sites may
qguicken the juvenile phase and thus reproducesyatuager agePanax pseudoginsengves
flowers when the plants attains two leaves, how#weflowers productions are very less and the
fruit production is negligible and many a timesth flowers are aborted before fruit formation.
The fruit setting of the plant is very poor and man the berries fails to enlarge or dehisce off
before getting matured, this can be due to theviddal seed stalk which is weak and it becomes

weaker due to the weight of the berry or largetyitaited to overcrowding.

Most of the fruits are dispersed due to gravitypdisal method and therefore small
plantlets are found near the parent plant withiarege of 1-2 m. However some seeds are found
at more distance due to the slope where the drgstveind leaves present may aid in its
movement. A special case of ingestive dispersamisiicry’ in which the seeds are bright
colored to attract birds, but the fleshy nutriticsistance normally associated with ingestive
dispersal is absent. Such Diasporas are believédhitnic’ nutritious berries or other fleshy

fruits without offering any reward to the disperagent (McKey, 1975;Van der Pijl, 1982).



Along with gravity dispersal, birds and jungle ratso act as the plant dispersal agents
and reports of fruits eaten by the biPtlytes dragoparin Panax ginsenglant has also been
reported (Changkija, 1999). One of the documemnatiom locals is that the germination of
seeds from the waste of the birds is very highcivimeeds to be further studied. Although fruit
maturation is variable across the species’ ranghinvihe five districts of Nagaland , but it
usually begins in mid to late summer with fruitsning red at maturity in late summer to early
fall. The fruit sometimes are found even during #m of October month. The plant needs
sunlight illumination nearly 10-15% of total suriligreceive in a day for its production of seeds
and it was found that most plants which were @rpentally kept in total shade condition
produces flowering but no seeds and the plant ensthoff. Reproduction ofPanax
pseudoginsengs by seeds itself because rhizome fragmentatemelyr occurs in natural

condition.

The time for emergence of radicals from the gerteithaseeds, germination time,
germination rate, seedling morphology, post gertionaestablishment of seedlings is influenced
by various factors and appears to be species gp@cinghu and Deb, 2014). Seedling survival
on the seed bed and or in the natural habitatverged by the availability of suitable substrata,
light, nutrients, soil moisture etc. (Kitajima, 2ZQQanghu and Deb, 2014). Plant species differ in
their habit preference, temperature requiremerd, @st harvest storage, specific pre-treatment
of seeds for germination, seedling emergence andvali A number of species exhibit positive
as well as negative correlation between canopyrctnenidity, temperature etc. (Kwit and Platt,
2003; Pageet. al, 2003; Debet. al, 2012; Langhu and Deb, 2014). There are sevepalrts

available enhancement of seed germination by pneigation treatment of seeds with



chemicals, low temperature and systematic stratibo (Pandet. al, 2000; Srivastavat. al,

2011; Sharma and Gaur, 2012; Batbal, 2012; Langhu and Deb, 2014).

Though the practice of seed propagation, seedgg@ee not new, but systematic study
of seed biology like storage, stratification forméation etc. have been a development of the
20" century. Presently there are over 1500 seed gemeskhroughout the world. Viability of a
seed lot declines over time, though the seed mamyigate, the resulting seedling may have
reduced vigor and fail to establish in the fieldal#rs, 2004). So, for some plant species, using

relatively fresh seeds gives better germinatiorr st@red seeds.

The seed setting in the plants are affected duhiagollination process from the time of
pollen reaching to the stigma to fertilization pges when the pollen tube grows to the stylar
region. Moreover the formation of seed from itselepment to its maturation is all accounted to
for quality of seed setting (Mooney and McGraw, 20&Environmental factors and changes will
play a major role during the development of seéd®anax pseudoginsengelf-pollination is
better with small variable difference than cros#ipation. This is in accordance with (Mooney
and McGraw, 2007) where seed production was moselin than cross-pollinated flowers. This

may also indicate why the plants are usually sellipated in nature.

Panax pseudoginsengeeds were collected from the natural habitat/mdjmud in the
study areas in the month of October when berriege waatured. The seeds were stratified in two
phases for ~7 months before sowing in the seed. bAtide non-stratified seeds registered
germination after ~14 months of sowing. These tesntlicates thaPanax pseudoginsersgeds
are morpho-physiological dormant at the time ofvieat. Morpho-physiological dormancy is

common in many plant species but not as wide dsergenus?anax(Li, 2002; Venugopal and



Ahuja, 2013). Dormancy could be due to severabfadike embryos not fully developed in the
freshly harvested ginseng seeds (Basiiral, 1995,; Li, 2002). BesideBanax seed dormancy
is also reported in species lig@nkgo biloba(Tommasiet. al, 2006). In the present study it was
necessary to stratify the seeds in two phasesufmressful germination. Seeds stratified &(25
for three months followed by cold stratification43€ for 1 to 7 months proved to be beneficial
for seed germination. Under controlled conditiorD%l seed germination recorded after 425
days in seed bed 1 while 8% seed germination exgidtin seed bed 2 after 450 days of sowing.
This result is in agreement with the reports with bther species d¢fanax(Xiao et. al, 1887,

Li, 2002; Venugopal and Ahuja, 2013). Accordingiao et. al.(1987) it was necessary to cold
stratify the seeds for 18-22 months for succesgérmination of American ginseng. Warm
stratification for 3 months followed by cold stfatation beyond 3 months was found to be
promotive for seed germination in both the seedsb@d the two seed bed condition studied in
the present study, seed bed prepared by mixing alesail, decayed wood powder and sand at
3:1:1 ratio found to be better for seed germinatibime finding of this work indicates that cow

dung is not an ideal substratum Ranax pseudoginsersged germination.

Summary and Conclusion

Present study was undertaken to study the disinitbof Panax pseudoginseng
two natural habitats and the factors influencerthstablishment in the natural habitat and their
adaptability in synthetic habitat. Besides thigpefwas made to study the correlation between
the plant phenology, rhizome age on flowering apddssetting. It was found th&anax
pseudoginsengrow healthy in the undisturbed forest where theopy cover is more than 80%

and if the canopy cover decreases <80%, plantdtseisupoor establishment. In the artificial



habitats, plants registered poor survival and diatie flower effectively. It was observed that
plants bearing less than three leaves did not sugpealthy flowering and older rhizomes
exhibits better viable fruits setting. Further iaswrecorded that plants with 2-3 leaves supported
very less three seeded fruits while in plants with leaves, increase number of 3 seeded fruits
occurs thereby increased the reproductive outcdie.plant also shows self-pollination better
than cross-pollination in terms of seed settinge Thllected seeds were stratified following two
different techniques. The un-stratified seeds dtddbonly 10% germination after almost 14
months of sowing. In contrary when the seeds figdtat 25C for 3 months followed by cold
stratification (4C) before sowing to the seed bed registered ~63%igation within 2 weeks of
sowing. The seedling resulted from the germinagstis were transfer to the field after 1 year in

the natural habitat.

Panax pseudoginserig an economically important medicinal plant and Hpecies is
extremely threatened. The findings of the presémdysprovide us a clear picture about the
natural habitat and their primary requirements $arvival, flowering, fruiting, seed setting.
Further the findings pinpoints why the species came cultivated easily away from the natural
habitat. The findings from the seed biology studil \Wwelp the commercial growers for
propagation of the plant through its seed. Thellacghority, government agency should join
hands to develofranax park/garden in the natural habitats to propagat® @mnserve this

economically important species.



Chapter - 3

Floral Phenology, Reproductive

Biology of Paris polyphyllaSmith.

The reproductive biology, phenology, generationacdy, its distribution power and the
level of threats that occurs both naturally anchbynan activities determine the population size
of any medicinally important plant species. The madnerable species are usually popular,
slow growing or slow to reproduce, or species vgplecific habitat requirements and a limited
distribution (Cunningham, 1993). Phenology is dedi from the Greek wordphainein’
meaningto ‘show or appear’. The phenology of plant carstelied in its different stages such

as leafing, flowering, fruiting, seed dispersal agefmination (Fenner, 1998). Phenological



studies of medicinal plants are very important tmWi the right season of its collection, its
effective treatment and its propagation in the trighvironment (Aberat. al., 2008). Study of
the plant reproductive biology is very important tmderstanding why the plant is endangered,
rare or threatened (Schemsiie al., 1994) so that knowledge obtain can be useful faking

out any particular plant species for its conseorati

The word ‘Paris’ is derived from Latin worgars’ meaning equal often referring to the
symmetry of the plant for its equal number of flgrarts and leaves and the woRblyphylld
refers to the many (poly) and leaves (phylR3vris L. (Trilliaceae) genus consists of about 24
species which is distributed from Europe to Asiag@get. al.,2011). Trilliaceace is divided
into two generaTrillium L andParis L. Trillium is trimerous whileParis is 4- to 11- merous
(Yun-Henget. al, 2006).Paris polyphyllais found in China, India, Vietham and Germany (Li
et. al, 2012). China is the centre of species diversity endemism for the gen@&aris with 22
species found out of which 12 are endemic (Shu-demngal., 2008). Paris polyphylla has
different varieties and there are 10 varietiestified so far (Shwet. al, 2000).Paris polyhyllais
categorized as sparse (Yonzateal, 2012) in India but it is listed under vulnerablgegory in
Nepal (Madhuet. al.,2010).Paris polyphyllaSmithis an important medicinal plant containing
saponin steroids polyphyllin D, dioscin and baliafit(Li et. al, 2012). The rhizome dpParis
polyphylla Smith is widely used in Chinese tradition medicine untie® name ‘Chonglou’
(Zhanget. al., 2011). Rhizome of the plant is use as antihelmirdintispasmodic, digestive
stomachic, expectorant and vermafuge (Maghwal.,2010), scabies, rashes, or itching problems
(Jamiret. al, 2012), to treat liver cancer (kt. al, 2012). The roots are also fed to cattle with

diarrhea and dysentery (Madbt al.,2010).



In Nagaland, forest are lost or fragmented duatensive ‘Jhum’ cultivation, incidences
of forest fires, logging and developmental actestialong with large scale landslides which
effects and threatens the biodiversity of a foregtlants which are at constant threat need
immediate conservation. These challenges can becawve with a definite and appropriate

conservation strategy. Species conservation candizke botlex situandin situ.

Paris polyphyllaSmith. is under constant threat because of rampamnesting for local
medicine as well as illegal trade to the neighbmpitates and countries. The plant which was
guite abundant in the last decade has decreasstcdly and therefore conservation of this
plant is highly important in the wild. Educatingetifocals on the importance of this plant and
techniques for its conservation in the state caarbeffective measure. The plant with its certain
morphological limitation factors like habitat sp@ci slow growth and time taken to become
reproductively mature along with reproductive liatibns such as non-reproductive plants and
long term seed dormancy adds to the rapid reduatiats species. Thus, there is an urgent need
to conserve this medicinal plant bo#x situ and in situ. Understanding its habitat, its
reproductive biology and seed biology thereforeobges an important priority to understand

more of this plant and to conserve them throughagpyopriate tool.

Materials and Methods
Study Sites

Present study was conducted in both natural as agedrtificial habitat. In the present
study, four natural habitats were select&ilg( 10). The natural habitats were selected in
different parts of the state so that an averageeseptative data could be generated. A brief

about the study areas are given below:



. Forest area of Pangsha village near Indo-Burmaebatian elevation of 2278 m above
sea level (ASL), 26°14727.2”" N Latitude and 95%®/7 'E Longitude under Tuensang
district, Nagaland, India.

. ‘Chida’ and its surrounding forest area (Khezakeaowilage under Phek district,

Nagaland) at an elevation of 1874 m ASL, 25°30" 1M 'Latitude and 94°13'37"E

Longitude.

. Aradura Hill at an elevation of 1396 m above e&| (ASL), 25°38°49.5" N Latitude

and 94°06°25.8E Longitude under Kohima distidagaland, India.

. Longkum village forest area at an elevation of 1804m above sea level (ASL),
29°15°98.8"" N Latitude and 94°24°03.5E Longitudader Mokokchung district,

Nagaland, India.

. ‘Chida’ and its surrounding forest area (Khezakeaowillage under Phek district,

Nagaland) at an elevation of 1874 m ASL, 25°30"IM Latitude and 94°13°37"'E

Longitude.

. Aradura Hill at an elevation of 1396 m above ¥&| (ASL), 25°38°49.5"" N Latitude

and 94°06°25.8""E Longitude under Kohima distidagaland, India.

. Longkum village forest area at an elevation of 1804m above sea level (ASL),
29°15798.8" N Latitude and 94°24°03.5E Longitudader Mokokchung district,

Nagaland, India.
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Figure 10: Map of Nagaland showing the natural haliats of Paris polyphylla Smith.

studied.

During the study, characteristics ecology of thbitaés, morphological aspects of the plant
along with its phenology and reproductive biologgrevstudied. Experimental plots were created
in all the study area for experimental purpose.t@ermicroclimatic conditions like canopy

cover of the natural habitats, associated plantiepeand level of anthropogenic disturbances

were studied.

Reproductive successes of the plant from the tifrilower pollination to seed formation
both in natural and in artificial condition wer@idied. The adaptability of the species away from
their natural habitat was studied. After collectivom the natural habitats, the plants were

planted in poly bags and transported to the aifibabitat and transferred to potting mix as

described below.



Penli ward: Plants collected from the wild was put under expental study in Penli ward,
Mokokchung district, Nagaland in a poly house aevation of 1259 m ASL. Different soil
mixture was prepared by mixing decayed wood, saddep soil as follows:

1. Manure soil by mixing decayed wood, sand and teglbtoil at a ratio of 1:1:3.

2. Mixture of cow dung, sand and top black soil aaorof 1:1:3.

3. Only to black soil.

Plants were monitored constantly for its growth aegelopment. Changes in the soil were
done every year to ensure nutrient availabilityhi plants.

The experimental beds were provided with differgrdded conditions as below:
a. Zero shade.
b. Plants kept in association with domestic gardemtplaand climbers which provides
partial shade.
C. Plants kept in poly house ca. 75% shade.

Plants grown in different soil mixture, their adamn outside the natural habitats, effect
of temperature and shaded conditions on the plantty and development were studied.
Rhizome characteristicsThe rhizomes of the plant collected from differartas were studied.
The number of nodes formed due to bud scars preseitvas initially counted to determine the
age of the plant but was not use in the later waen multiple shoot buds were found out in

many rhizomes. Rhizome relation to the productibbuals was studied.

Flowering and non-flowering plant The degree of plant survival is related to its ogjpictive
output and success. Therefore, considering thesptants were carefully studied and tagged to

see their inflorescence development and non-dexredap in the studied plant population. The



method applied was simple and traditional. Plami& given population were counted and tagged

as reproductive (flowering) and non-reproductiveniflowering) during the month of April.

Nature of flowering and plant pollinatorsFlowering plants were studied both in the wild amd
the artificial condition to identify the nature @§ flowering along with its pollinating agents.
The phenological changes occurring during the flawgestage were carefully studied. Floral

parts characteristics and the changes it undengersduly noted.

Post fertilization development ifParis polyphyllaSmith var. polyphylla The process that
undergoes after the plants are fertilized was stuthking into consideration the morphological
changes of all the parts of the inflorescence. @wmvelopment and enlargement during fruit

formation was observed.

Fruiting and seed settingFruiting and seed formation Paris polyphyllaSmithvar. polyphylla

was studied in tagged plants in different locatiahboth natural and artificial habitats.

Seed setting in relation to different hand pollinah treatments Two different pollination
treatments were performed where 10 healthy plartse vgelected for each treatment. These
pollination treatments were done in order to find the effects of seed setting in plants through
self- and cross- pollination process. This handinmtion technique was used on the same flower
and between two flowers of different inflorescencas two different plants. A small water
colour paintbrush to brush off the pollens from gi@nt, a small container to collect the pollens
and dry cotton swab to put these pollens on tlggnstiwas used. The brush was ensured that it
was totally cleaned and dry, so it was washes iming water and air blown dry before its
usage. Pollination was done early in the morning:30 -7:30 am when the weather is in dry

conditions using the cotton swab. The cotton swabevgently swirled around the selected the



stigma of the selected female flower. They are thmEpped around using mesh clothes and then
fasten the wrap around the peduncle using threBudis. process was repeated for three-four

times using the same selected plants.

Different pollination experiments were done asdof:

a. For self pollination, 10 selected individual flowey plants are carefully bagged with fine

nylon mesh clothes.

b. For cross pollination between different flowersséected individual flowers from the
inflorescence are carefully bagged with fine nytoash clothes and the other 5 selected
flowers are emasculated by removing their stamegisré anthesis and are bagged to
prevent from outside pollinators. These emasculfteders are pollinated randomly

from the rest of the 5 selected flowers in the samfierescence.

The flowers are then tagged with their date of emiasion and date of pollination.

Paris polyphyllaSmith. in relation to climatic conditions and its suscepitiity to predators
Paris polyphylla Smith var. polyphylla in relation to climatic factors and susceptibility
predators were studied in both habitats (naturabelsas artificial) so as to identify the plants

susceptibility as it is an important factor infiggproductive success.

Results

Habit and habitat Paris polyphyllaSmith var. polyphyllais an important medicinal perennial
plant. During the present investigation, study wasducted in 4 natural habitatSig. 11 a-d)
with a total of 8 populations for 4 yearfaple 14). Locations ofParis polyphyllaSmith var.
polyphylla populations in Nagaland were recorded at an d#itof 1300 m ASL and above but
healthy populations were found above 1400 m ASable 15) At lower altitude (<1300 m
ASL) no population was reported. It was observett the species exhibits healthy growth in

undisturbed areas with less human interfereRaeis polyphyllaSmithvar. polyphyllais a shade



loving plant and grows under the canopy of moistgerate forest with canopy closure of more
than 80% at an altitude of 1300-2500 m ASL in Swipital broad leaved hill forest to temperate
broad leaf forest. The plant requires moist and-dglined soil. It grows in slope areas usually
north facing slopes with soils that are usuallyered with dry and decay organic matters. The
plant is an erect herb, 30-100 cm in heighg( 12 §. The species grows in acidic, well-drained
humus rich soil. The soil sample collected from gtedy area where the plants were found
indicates high carbon content, moderate potassiumthe soil was poor in its phosphorous
content Table 16) The level of disturbances in all the four studyaareanges from low to high
disturbances. High level of disturbances was foumthe unprotected forest area of Pangsha
village. Paris polyphylla Smith var. polyphylla found in and around the area of Chida
(Khezakenoma) area were found growing the bedbpesareas with well-drainage. Some plants

were found growing for even more than 1 m in goaid s

Figure 11: Paris polyphyllain all the natural habitats studied. a. Chida areaunder
Khezakenoma village (Phek district); b. Pangsha aee(Tuensang district); c. Aradura Hill
(Kohima) and d. Longkum village forest area (Mokokdwung).



Figure 12. a.Paris polyphyllahabitat; b. Associated species in area wheraris polyphylla
Smith var. polyphyllagrows.

Table 14: Demographic studies oParis polyphyllain Nagaland

Sl. No. Study location/site Length of study Numbeof populations
1 Tuensang 4 years 3
2 Phek 4 years 2
3 Kohima 4 years 1
4 Mokokchung 4 years 2




Table 15: Niche characterization ofParis polyphyllain Nagaland

Site name Locality Elevation Canopy Disturbances
Closure*
Tuensang Pangsha are 2278 m ASL 86% High human
(26°14°27.2"°N and interference
95°07°05.7"E)
Phek Chida and its 1874 m ASL 88% Limited human
surrounding (25°30'11"" N and interference
area. 94°13'37"E)
Kohima Aradura hill 1384 m ASL 84% Protected area
(25°38°49.5""N and
94°06°23.6"'E)
Mokokchung Longkum 1404.51 m ASL 87% Limited human
village (29°157988"" N and interference
094°24°035'E)

Table 16: Report of forest soil (top soil) analysifrom different niches of Paris polyphylla

Area from where Soil pH Organic carbon Available Available
soil collected (%) Phosphorus Potassium
(Kg/ha) (Kg/ha)
Pangsha area 6.80 2.24 (H) 8.00 (L) 138.80 (M)
Chida and its 6.54 2.35 (H) 7.85 (L) 140.00 (M)
surrounding area.
Aradura hill 6.55 2.15 (H) 8.10 (L) 137.50 (M)
Longkum village 6.40 2.42 (H) 8.00 (L) 138.50 (M)

Reference: N: Normal; H: High; M: Medium; L: Low




Table 17: Associated herbaceous plants found ne&aris polyphylla

Sl. No. Plant species Family
1. Aconitumsps. Ranunculaceae
2. Ageratum conyzoides Asteraceae
3. Berberissps. Berberidaceae
4. Bidens pilosa Asteraceae
5. Curculigo capitulata Hypoxidaceae
6. Drymeria cordata Schrophulariaceae
7. Eupatorium adenophorum Asteraceae
8. Fagopyrum esculentum Polygonaceae
9. Hottuynia cordata Saurauiaceae
10. Impatienssps. Balsaminaceae
11. Lycopodiunsps. Lycopodiaceae
12. Spilanthes acmella Asteraceae
Note:

The above table gives generalized common plantshndnie found within 5 m parameter

whereParis polyphyllaSmith var.polyphyllais found in its natural habitat.

It was found that the growth &taris polyphyllaSmith. was influenced by other plant
species growing in adjoining vicinity in the natuhabitat and the presence of some common
plants species within 5 m parameter were obsermddaken into accounTble 17, Fig. 12 b.
Further it was recorded that wherever these adsocipecies were preseRaris polyphylla
Smithvar. polyphyllaregistered healthy growth compare to the areageMiese species were

absent. Some of the common associated speciediettare:

Trees - Schima wallichi (Theaceae),Alnus nepalensigBetulaceae),Bauhinia purpurea
(Caesalpiniaceaeplbizia procera(Mimosaceae)Pinus roxburghii(Pinaceae)Rhododendron

arboreus(Ericaceae)Quercussps. (Fagacea€)axus baccatélTaxaceae) and Bamboos.



Herbs - Berberis sps. (Berberidaceae)Aconitium sps. (Ranunculaceae)mpatiens sps.
(Balsaminaceae)Ageratum conyzoidegAsteraceae),Bidens pilosa(Asteraceae),Curculigo
capitulata (Hypoxidaceae),Drymeria cordata(Caryophyllaceag) Eupatorium adenophorum
(Asteraceag) Fagopyrum esculentum{Polygonaceae),Hottuynia cordata (Saururaceae),

Spilanthes acmellAsteraceae),.ycopodiunmsps. (Lycopodiaceae), Ferns and Bryophytes.

Climbers - Dioscoreasps. (Dioscoreaceae) aSdilaxsps. (Smilacaceae).

Figure 13. a. Horizontal rhizome ofParis polyphylla b. Rhizome showing transverse rings;
c. Formation of buds before the senescence of théawve ground plant body; and d.
Sprouted buds formed plants.



Figure 14: a. Plants with young leaves and infloregnce forms as closed whorl; b.
Formation of compound plants from rhizome; c. Formaion of single plant from rhizome;

d. Formation of new shoots in mid-season when plasare at bloom.



Rhizome characteristicdt was found that in most of the cases the rhizome® horizontal and
creeping Fig. 13 g. Paris polyphyllahas got transverse nodes on its rhizome formed fthem
bud scarsKig. 13 b. A small bud outgrowth appears on its rhizome pefore/after the above
ground part of the plant dies during late autuifdig.(13 c) The bud remains dormant for 4-5
months during the winter season until the nextsjomg seasorParis polyphyllastarts sprouting
from February onwards till the month of March. Tééermant bud from the previous season
gives rise to new above ground stems, leaves dlwmidacenceKig. 13 d. Usually a single bud
sprouts from an individual rhizome but 2-3 budarfation also occurs in some rhizomes. The
young leaves and the inflorescence forms a clodearlvas they sprouts ouFig. 14 g. The
plants grow fast once the dormancy of its bud akén. The counting of the bud scars or nodes
on the rhizome for determining its age cannot beedas the number of bud shows variations
from one to three in different plants. The numbgbod in any particular rhizome does not
remain constant. If a double bud occurs in a padicrhizome, then it will give rise to
compound plants but that particular rhizome cao gise out a single bud in the subsequent
years Fig. 14 b, 9. Further it was found that in some cases a rh&aevhich already has a
matured flowering plant gives rise to new budshie middle of the year usually during the
month of April and May Fig. 14 d. However, the young plants are mostly non-repctide
(absence of floral parts) and shorter than the radtfiowering plant.

Table 18: Percentage of non-reproductiv®aris polyphyllaplants

Location Total number of Non- % non-reproductive
plants observed reproductive plants
plants
Tuensang 332 114 65.67
Phek 252 103 59.13
Kohima 127 44 65.36
Mokokchung 214 92 57.01
Total 925 353 61.84

Note:
* Plants were studied in different locations withe tvhole district.
» Non-flowered plants were very high Raris polyphyllaSmith var.polyphyllaplants and
it accounted for more than 60% in total plant pagiohs.



Figure 15: a. A clump showing flowering plants; bA clump showing non-flowering plants.

Flowering and non-flowering plant In the present study, an observation with referd¢ocene
flowering ability of the plants was made. It wasifid out that majority of the plants either in
natural habitats or plants grown under controlledditions were found to be non-reproductive
or in other words absence of inflorescence. Ovéb @@ the studied plants were found to the
non-reproductiveTable 18) Non-reproductive plants are easily identifiedred initial growth
of the plants as they will lack the inflorescentaksand will be shorter in heighEig. 15 a, b.

The non-reproductive plants are independent irtiogldo the age of its rhizome in all matured



plants. Matured plants which are non-reproductiva/ memain the same in the next season or

may become reproductive which is vice-versa foradpctive plants.

Figure 16: a.Paris polyphyllain full bloom; b. Early stage of bloom with closedwhorl; c.
Purple stigma; d. Flowers showing leafy green outetepals and yellowish green, filiform
inner tepals.

AR

Figure 17: Possible pollinators ofParis polyphylla a. Flies; b. Bee; and c. Pollens dehisced
on tepals.



Figure 18: a. Paris polyphylla ovary before pollination; b. Ovary during and after
pollination; c. Paris polyphyllaSmith var. polyphyllaanthers arranged in two whorls; and
d. Typical arrangement of inner and outer whorls ofParis polyphylla

Nature of flowering and plant pollinatorsin Paris polyphyllaflowering begins in March-April
where the flowers bloom at the terminal and they swlitary Fig. 16 g. At the initial growth,

the inflorescence forms a closed whorl coveredheysepals enclosing the tepals, the anthers and
the stigma ig 16 b. The ovary is situated in the middle with usudlytigmatic lobes. The
stigmatic lobes are wet type in nature. Usuallydtigma appears deep purple in color during the
pollination period Fig. 16 9. In Paris polyphyllaSmith var. polyphylla,the male function first
than the female, therefore the flowers are prowasd Flowers are perfect flowers as they
contain both the male and female gametes withinsttree flower. Outer tepals are leafy and

green, while the inner tepals are yellowish gremhfdiform (Fig. 16 d) Usually the numbers of



outer and inner tepals are same. The number oéemnik usually more than double that of tepals.
Stigma re-curved at the tips. Plants generally nreraibloom for a period of 2-3 weeks. The
timing of anthesis is between 6:30-7:30 AM and dmn¢her dehisces by 7:30-8:30 ANIable

19). The flowers are capable of self-pollination. Hawsr pollination can occur through small
insects as the plants are visited by differentdtsssuch as different types of flies and bees
especially during the middle of daytime from 11AM till 3:00 pm (Fig. 17 a, ). Wild bees
may act as pollinators. The buzzing of their wimgght facilitate the pollen dispersal to the
stigma within the flower itself or even to the sumding flowers as the pollens are very light
(Fig. 17 a, b. Since the pollen grains are very light, wind nzso act as a pollinating agent.
The plants are self compatible and they producgelaamount of pollens. Huge amount of
pollens are wasted which is indicated by the fgliof pollens all over the outer tepafad. 17

d). The pollen from the anther falls on the stigm#tizes once the petal opens and fertilization
begins as it reaches the ovary through the styigm&tic lobes and the ovary capsule are usually

bright purple but turns dull purple once the pdaltion takes placed~(g. 18 a, 1.

Unique character of the antherThe anthers oParis polyphyllaoccur in two whorlsKig. 18

c). Closing and opening of the anthers takes pldseally the inner whorl has two lesser anther
filaments compare to outer whoHi¢. 18 d. The anther filaments of the flower are arranged
a pattern as such that an inner whorl is followgdub outer whorl in a consecutive manner. Two
pairs of outer anther filament will lack in its Enwhorl filament and this two pairs will always

be on adjoining side. This anther display is sammany flowers oParis polyphylla.



Table 19: Reproductive phenology oParis polyphylla

Parameters

Observations

Height of the plant

Uptolm

Rhizome type

Horizontal and creeping

Sprouting of plant from rhizome

February-March

Dormancy of rhizome 4-5 Months
Leaves Lanceolate or sometimes oblong
Outer tepals Leafy green
Inner tepals Yellowish green and filiform
Flowering March-April
Flowers Solitary and terminal
Time of anthesis 6:30-7:30 AM
Time of anther dehiscence 7:30-8:30 AM
Stigma Wet type
Stigma lobes 5
Pollination Usually self-pollinated
Ovary capsule before and during Bright and deep purple
pollination
Ovary capsule after pollination Dull purple
Fruiting May
Temperature for seed production 18°C-23°C
Seed Bright orange color

Seed maturation

September-October

Dispersal of seeds

Gravity

Senescence

October-November




Figure 19: a. Recalcitrant rhizome failed to form &oot buds during growing season; b.
Sprouting of shoot buds from rhizome and formed platlets.

Flowering inParis polyphyllais dependent on the rhizome. A recalcitrant rhizgmeg.
19 a) never flowers as they fails even to give outrtisdioot buds and only rhizome that gives

rise to shoot budg$={g. 19 b will have a probable chance of giving rise torMéring in plants.



Figure 20: a. Disintegration of floral parts of Paris polyphylla after pollination and
formation of young fruit; b. Developing ovary (globular capsule type); c. The developed
ovary dies off without forming seeds; and d. Posteftilized ovary pre-mature death along
with plant floral parts.

Post fertilization development iParis polyphylla After pollination, the inner tepals curls
slowly and the ovary color also changes from brigiple to dull purple which finally fades
away Fig. 20 g. After fertilization, the ovary enlarges formirgglobular capsule. The anther
and its filaments and the inner tepals slowly degynate off from its tip end towards the bottom
(Fig. 20 b. It was observed that a significgmer centof Paris polyphyllathough successful in

yielding inflorescence and flowers (considered esilé plants) failed to produce seeds. The



ovary after its post-fertilization begins to formma@nded capsule to form fruit which enlarges to
a certain level and dies off without developingdse€ig. 20 c) Sometimes the ovary does not
enlarge itself but dies off along with the plamrél parts Fig. 20 d. Besides these, some plants
often failed to undergo ovary enlargement aftetilieation and dies off along with the above

ground parts.

Figure 21: a. Mature fruit of Paris polyphyllawith bright orange seeds; b. Fruits bearing
fewer seeds when maintained at higher light intensi; c. Mature fruit slit opening exposing

the seeds; and d. Predators affectinBaris polyphyllaSmith var. polyphylla fruit.

Fruiting and seed settingParis polyphyllaseed formation is very crucial and climatic factors

plays an important role. The fruit 8aris polyphyllawhich is a globular capsule bears the seeds



inside them. The seeds are bright orange in coleenmhe fruit maturesF(g. 21 9. It was
observed that the seed production is affected bystimlight and heat. During the development
phase, if the plants are exposed to direct sunliplet seed production is very low. If the plants
are maintained under <80% shade compare to normallight, seed production is affected.
Shade cover of less than 50% either produce ftiudsare seedless or with very few sededg.(

21 b). It can be at times as few as 1-2 seeded fi@iénerally seeds are produce in large quantity
in well-suited plant habitats. The outer coverirfgtiee capsule slits open exposing the seeds
(Fig. 21 9. The occurrence of a slit on the side of the glab capsule fruit indicates the
maturation of the fruit. In general the seeds aspatsed by gravity and the seeds usually fall
near its mother plant. It was found that seedsedsgdl in the first year remained more or less

same on the soil the following year without germimgindicating that seeds exhibits dormancy.

Seed setting in relation to different hand pollinah treatments Paris polyphyllaseeds can be
produced from the plant through both self-pollinatand cross-pollination. However in terms of

seed productivity and output, self- and cross patlon does not show any variable difference.

Paris polyphylla in relation to climatic conditionand its susceptibility to predatar®uring the
present study, it was found that the plants wegalizicompetitive with other herbaceous plants
but at the same time they were found to be sudileft the attack by various predators. In most
of the habitats it was observed that snails andssluere the predators of the fruits and the
presence of them causes the death of the enlagyiagy Fig. 21 d) Besides the biological
agents, the plants are also highly sensitive toh&t and sun light. Prolonged exposure to
sunlight causes the plant to droop down and laes dff. Moisture content in the soil was also
found to be very crucial for the growth of the glénit too much water in the soil causes the

rotting of the stem base of the plant.



Discussion

Paris polyphyllais an important perennial medicinal plant in Nagdlavhere the
rhizome of the plant is widely used in local med&s by the local healers. The plant species is
widely distributed in the high altitude areas asrtige state but its population is decreasing at an
alarming rate. LikePanax pseudoginsenghe main dispersal agent is gravity and the young
plantlets are found in and around the mother plEnis is whyParis polyphyllais often found in
patches in its natural habitat. The local medichedlers and illegal harvesters can easily collect
large amount of rhizomes from the natural popuksiwithin a small area. This is one of the key
factors for rapid decline of the populationRdris polyphyllain Nagaland. Thus conservation of
the species is very important and the first stejaéslocation of the plant. In order to locate the
species whose population is very thin, knowledgeuahts associated species could be an
important key to locate the species of interest sehpopulation otherwise is very difficult to
locate. There are very reports available on th@gch of population inventory of RET species.
Madhuet. al, (2010) usedirtisaemaspecies for determining the presence or absenéard
polyphyllain Nepal while Langhu and Deb (2014) successfullgd the associated species for
locatingAconitum nagarunm Nagaland from various habitats. In the prestéundy this approach
was found to very helpful for locating thRearis polyphylla population. Besides this, the
information on associated species could be an itapbtool for characterization of the niches
for the species, rehabilitation of the threatenpdciges from conservation view point. There
might be a possibility that wherever the associafegties are growing, the key species is absent.
This could be due to sweeping species from that due to various anthropogenic activities, but

could be a place where the key species may beduntex for propagation and or conservation.



During the present study it was found that thereaswgreat amount of
variations/polymorphism in phenology of the planks. the present study, morphological
variations was observed in some of Beris polyphyllain different years during their growing
seasons even from a single rhizome. From literatavailable, it reflects that the polymorphism
in the genusaris is universal. According to Zhared. al. (2011)P. polyphyllavar. yunnanensis
also exhibits morphological variations and phenatygiversity which correlates with the
morphological diversity oParis polyphyllafound in Nagaland. It was also found that anthers
are arranged in two whorls and large numbers dépslare wasted. Presence of large number of
anthers and wastage of large number of pollenccatels that the species is not efficient in
energy economy. IRaris polyphyllavar. yunnanensislso reported the anthers are arranged in
two whorls (Dingkanget. al, 2009) where they also studied the closing andhiogeof anthers.
According to them conservation of pollens in th@nérs and enhanced the male fitness by its
closing during night and during rains which was abserved in the present study. However, the
occurrence of large amount of pollen waste duriogir@mtion might give heavy loss and
expenditure of the plant energy, which shows plgmer effective mechanism in pollen

dispersal to the stigma of the flower.

Seed production is very important fexwally reproduced plants for new generations. In
Paris polyphyllaseed produced during warm weather usually mid-suntaeif the plants are
exposed to direct sunlight, aborts the seed or peeduction is affected significantly. As the
plant are shade loving, drooping of the plants liipoacurs if they are exposed to direct sunlight
even for 1-2 hours indicates that for good repraiacoutput the commercial growers should
ensure proper care especially during flowering s@eld setting. The lack of differences in seed

production suggest that both self- and cross paillbm occurs in the plant and are of equal



importance. Important pollinators such as wind,sheead flies play a vital role in the self- and

cross-pollination oParis polyphyllaplants.

During the present study, it was found that seddBasis polyphyllagerminate in the
natural habitats during February-March after almi&20 months of maturation and shading.
But according to Madhat. al.(2010)Paris polyphyllaSmith seeds germinate in April in Nepal.
This could be due to variation among the differpopulations of different areas and or geo-
climatic condition of that area. Besides this, ¢heeems to be variations in the phenological

calendar difference d?aris polyphyllaSmithof Nagaland and mid-hills of Nepal.

Summary and Conclusion

During the present investigation efforts were pubito study the distribution d®aris
polyphyllain natural habitats and the factors influence tlestablishment in the natural habitat
and their adaptability in synthetic habitat. Besidhis, effort was made to study the floral
morphology, effect of environmental conditions olowering, pollination, seed setting,
reproductive output etc. It was found tiRatris polyphyllagrow healthy in the undisturbed forest
where the canopy cover is more than 80% and iC#m®py cover decreases <50%, plants fails
to establish and flower. Healthy population growsthParis polyphyllastudied so far in its
natural habitat at its lowest elevation was on AradHill at an elevation of 1396 m above sea
level (ASL), therefore an artificial experimentaivronment in the form of poly green house
was set up to see its adaptability to lower elevabelow 1300 m above ASL at Penli Ward,
Mokokchung at an elevation of 1259 m ASL. Howewethis artificial habitat, plants registered

poor survival and failed to flower effectively. Hewer at experimental plot areas near where the



plant naturally grows, the plant shows much betiswth. Paris polyphyllahas unique

morphological feature of anther and produced laajeme of pollens.

Paris polyphyllais an economically important medicinal plant ane tepecies is
extremely threatened. The findings of the presémdysprovide us a clear picture about the
natural habitat and their primary requirements garvival, flowering, fruiting, seed setting.
Further the findings pinpoints why the species cafe cultivated easily away from the natural
habitat.Paris polyphylladoes not show any variable difference in seedmnggettirough self- and
cross- pollination. The findings from the seed bgy study will help the commercial growers
for seed propagation of the seed. The local authagovernment agency should join hands to
developParis park/garden in the natural habitats to propagatk camserve this economically

important species.



Chapter - 4

Propagation of Panax pseudoginseny.

and Paris polyphyllaSmith.

Forest plant species usually regenerates througih $keds or by vegetative means for
their continued survival. Many of the plants areirig threat and their population in the wild is
being reduced drastically due to unsustainabledsding for local medicinal use, removal of
natural habitats for ‘Jhum cultivation’, unplannedkevelopmental activities and other
anthropogenic activities. The percentage of plased for medicinal purpose in relation to the
totally availability of medicinal plants is found tbe highest in India with 20% of the total

species being used as medicinal plants (Schipprefnal., 2002). However, most of these



medicinal plants are being collected from the vaifdi only 20 species of medicinal plant species
used in the Indian herbal industry is being cutedaout of more than 400 species (Schippmann
et. al.,, 2002). This factor imposes a great threat to tkistiag wild plant species unless
appropriate conservation steps are taken up. leraodconserve the economically important and
medicinally important plants, efficient mass prog@on for the conservation of these species is
required. Mass propagation is important for masslpetion of both wild species under threat
and also for domesticated crops. For instance,egiogltivation in the Northeastern region of
India usually follows the traditional method whighecologically friendly, low cost and which
utilizes the local resources, knowledge and lab®ahfnanet. al, 2009). Species such as
Garcinia afzelij Panax quinquefoliysSaussurea costus, Warburgia salutagts. are threatened
species but are now cultivated (Schippmaatn al., 2002) and thereby reduces the risk of
population being threatened further. The simplastaost economical method of propagation is
through seeds but some species failing to estabtisiugh seeds in its natural condition like
Aconitum atroXBandayet. al.,2014). Root division and rhizome splitting candome for plants
having long period of dormancy in seeds. Imporfalants having commercial and medicinal
values are being cultivated through mass propagdiio using their vegetative rhizome parts
such as Ginger (Rahma. al, 2009),Jurinea dolomiaedahrough rhizome cuttings (Banday.

al., 2014), tuberous roots oAconitum atrox(Bandayet. al., 2014), splitting of roots of
Nardostachys jatamangBandayet. al.,2014), stem cuttings @&trychnos henningsfKipkemoi

et. al.,2013), stem cuttings @asuarina cunninghamian@aroshiet. a.l.,2000), stem cuttings
of Gongronema latifolig/Abbo and Obi, 2006), stem cuttings $iiorea guisqPatricioet. al.,
2006) and through sucker plantlets Musa species (Baiyeri, 2005). The total percentage of

species threatened in the Araliaceae family is 48 ane of the over-harvested species in



Araliaceae family is th®anaxspecies (Schippmaret. al, 2002). Ginseng is being cultivated in
many parts of the world (Schluter and Punja, 20B0}h Panax pseudoginsenyyall. andParis
polyphylla Smith var. polyphyllacan be cultivated deliberately under a forest pgrarovided
that the environmental conditions are suitableit®rgrowth and reproduction. Both the plants
are highly medicinal, herbaceous and long livedNbgaland, there is hardly any distinction
between these two plants and the locals refer tio th@ plants as ginseng plant. Both this plant
grows at its best in its natural condition but sitigeir population is dwindling, it is important to
propagate them to ensure its population survivak Of the possible methods for propagation
could be through cutting method. True-to-type cepgmd preventing extinction of the plant
species in the local population (Kipkemet. al, 2013) can be achieved through macro
propagation. The problem related to threatened ispein the wild can be overcome by
introduction of any rare or threatened medicinahps into the wild through mass propagation in
the nurseries or througim vitro propagation. The time taken for bud emergencdanis
polyphyllaSmithtakes ~6 months under vitro culture (Vermeet. al, 2012), therefore rhizome
splitting can be an advantage of macro propagahanin vitro culture. Propagation through
rhizome cutting/splitting is convenient, cost-etiee and ensures large scale cultivation and for
its long term process of conservation systematitvation is important (Bandagt. al, 2014).
Cultivation of medicinal plants is the only mearfsneeeting the ever increasing current and
future demands of the people and the growing imgStchippmanret. al.,2002). Present study
was aimed to produce clonal planting materialswad economically important and threatened

species through different macropropagation techesqu



Materials and Methods

Plant materials

Panax pseudoginsenyV.: Rhizomes ofPanax pseudoginsengere collected from the natural
forest habitat area of Pangsha village near Bdona border at an elevation of 2278 m ASL
under Tuensang district, Nagaland, India and amaodinea from ‘Chida’ and its surrounding
forest area of Khezakenoma village under PhekiclisNagaland, India at an elevation of 1874
m ASL. Digging of ginseng roots is very easy ag/tAee usually found in loose soil of primary
forest but it should be done very carefully. Acanglly the present exercise was executed very
slowly in order to avoid damages to the rhizome #rad nick of any roots is avoided. After
collection, a part of plants collection of both thgecies were kept in the polyhouse set up at
Chida area and the remaining part of the plantevpdainted in poly-bags and transported to
Penli ward, Mokokchung district, Nagaland at arval®n of 1259 m ASL. Rhizome and root

cuttings/splittings were performed at both the cele areas.

Paris polyphyllaSmith. : The plant materials were collected from four naturdditets —forest of

Pangsha village, ‘Chida’ and its surrounding forasga of Kezakenoma village, Aradura hill
forest area, Kohima and forest of Longkum villagéeA collection, part of the plants were
planted in polybags and transported to Penli witokokchung district, Nagaland and part of
the plants were kept at Chida area where rhizontengs/ splitting and group rhizome

fragmentation was performed.



Figure 22: a. Panax pseudoginsenghizome with scars and rootlets; b. Horizontal cutof

root; c. Panax pseudoginsendhizome segment; and d. Inclined cut of root.

Rhizome cuttings inPanax pseudoginsengPanax Pseudoginsenpgas a small neck-like
rhizome with bud scars/ nodes connected with dylesot that bears individual small rootlets
(Fig. 22 a) The age of the plant were counted from the nunobbdyud scars on the rhizome.
Each individual rhizome was cut according to thesags counted from the bud scars of the
rhizome by ensuring that at least minimum two bcars are present at the resultant cut rhizome.
The rhizome cuttings was done in the month of Ndwen2011, healthy rhizomes were selected
randomly. The age of the rhizomes were betweerafsyad to 11 years old as counted from the

bud scars on their rhizome. The rhizomes were ot number of pieces- 2 bud scars, 3 bud



scars and 5 bud scars which were used for the ngresedy Fig. 22 9. The segments were

mixed and used randomly in the present study.

Root cuttings in Panax pseudoginsenghe root cuttings were done in the month of Novembe
2011. A single root is cut into two equal partseThots were cut in two types — horizontal root
cuttings and inclined root cutting&ig. 22 b & d) and maintained in the bed. They were
monitored for three years from 2012-2014. Horizbraat cutting was done by cutting into two
equal halves in the middle-lower cut root and upgperroot. All the roots were first inspected to
ensure that they are healthy. Simple traditionathod of cutting was used during the

experimental process.

Figure 23: a.Paris polyphyllarhizome with multiple shoot buds; b. Rhizome fragmat with
single shoot bud; c. Rhizome fragment with multipleshoot buds; and d. Compound

rhizome of Paris polyphylla



Rhizome cuttings irParis polyphylla A single rhizome may give rise to multiple off-st®@s
the plant agesParis polyphyllaoften gives rise to multiple shoot budsd. 23 a) The shoot
buds sometimes bifurcates in different directionsree end point. This type of rhizome can give
rise to two different directional shoot buds. Tfasm of rhizomes can be propagated through
cuttings where rhizome with multiple buds are sefgt and planted. Rhizome pieces without
buds are also cut from large rhizomes. Basing em#ture of the growing tips (single or double

buds) rhizome pieces were cut accordingly and meithe present study-{g. 23 b & c).

Group Rhizome fragmentation in Paris polyphyllé&&mith.: Paris polyphylla rhizome
sometimes occurs in masses. This may be due te tangber of seeds falling in a particular site
from their mother plant and where most seeds asdthye and viable. The roots d?aris
polyphylla are long and wavy and so when a number of rhizoanestogether they become
entwined to each other forming a large mass oforhizs Fig. 23 d) This might hamper the
healthy growth of the individual plants. Thereftine rhizomes need to be individually separated
and at the same time, rhizomes that show compouds dn the clumps are selected and used in
cutting propagation. Rhizome splitting was simpbnd by breaking off the clump of rhizomes
into each individual rhizome and sowed in the pregebed in both the two polyhouses. The
selected clump rhizomes were obtained from thoaatplthat were flowering in group in the

previous season.

Preparation of bed for planting
For the present study, two different soil mixtunesre prepared:
4, Mixture of decayed wood, sand and top black sl edtio of 1:1:3.

5. Mixture of well dried rotted cow dung, sand and bdack soil at a ratio of 1:1:3.



All the soil components were individually sun dri/®kefore mixing, any sticks, stones,
seeds of other plants, or insects were removed fr@soil. The soil was watered to see that
water drains well out from them. Poly-bags and wayodoxes were used for planting. The
experiment was performed during the month of Novemnaiter the above ground body dies off.
The experiment was done in both the poly-house gitbd ventilation and drainage. Atrtificial

shade was provided in such a way that it fulfitie shade requirements.

Planting of rhizomes segments, roots in the be8ge selection is very important and it should

be the first priority for its mass propagationthe selected sites, the soil is first dug up teib

to remove the existing top soil. The soils mixttwebe put on the dug soil is made loose and
good in organic content by adding mixture of comglusand and black soil in 1:1:3. Prepared

soil mixture is then put on the dug soil. The plpatts meant for propagation of both the species
were sowed in their distinct beds made on a mouadaitl high than the normal ground level so

that water is well drained during the rainy seasbany depressions are found on the soll, it is

quickly covered with more organic soils. The plangrown facing the northern slopes as they
are usually cooler and have more moisture tharhsmutvest facing slopes. Before planting, the

soil beds were watered to moisten the soil. Theliabmes were planted just below the soil and
those rhizomes with buds on it are planted by exygothe bud a little less than a 0.5 cm outside
the soil. The experimental beds are watered thireesta week as the propagation process is
done during the dry season of the year. Continunasitoring of the soil bed was done and

weeds were removed from the soil.

Results

Regeneration potential of rhizome cuttings of Pangseudoginsengin the present study with

the rhizome cuttings, over 55% of the rhizomes iagthrecalcitrant to morphogenetic response.



The lowest morphogenetic response was register@®i? where ~19.44% rhizome segments
potentiated morphogenetic response and formedlglamwnhile in 2014, the response increased
to 51.72%. There is a gradual increase in posjilaat formation from the cut rhizomes during
the three years of studyfdble 20) New shoot buds developed from the responding satgn
which were mostly one leaf plantSig. 24 g but in the third year, two leaves plants wer® als
noted in the seed bed along with one leaf pldfts 4 b).

Figure 24: a. Sprouting of shoot bud from rhizome fagment of Panax pseudoginseng.
Regenerated plants in the bed ready for transfer ithe wild; c. One rhizome segment with

shoot bud and rootlet; d. Development of 1-leaf plat from inclined root cutting



Table 20: Propagation ofPanax pseudoginsenthrough rhizome cuttings

Year Total Number of Dormancy Number of % rhizome
number of plants exhibited by | cut rhizomes segments
cut sprouted the cut that died formed
rhizomes rhizomes plants
2012 72 14 52 6 19.44
2013 66 21 37 8 31.81
2014 58 30 25 3 51.72
Mean 65.33 21.66 38 5.66 34.32
Note:

» All the rhizomes used for propagation were healtiigomes which were flowering the

previous season.
Table 21: Propagation ofPanax pseudoginsenthrough root cuttings

Type of Total Year Number | Number | Dormancy | Number % of
cuttings number of of plants | exhibited | of roots plant
of cut rhizomes | sprouted | by the cut | that died set
roots survived roots
tested
Horizontal 30 2012 30 19 11 0
root 2013 19 12 7 0
cuttings
2014 12 0 8 4 0
Mean - - 20.33 0 13 7.33 0
Inclined 30 2012 30 0 23 7 0
root 2013 23 1 18 4 4.34
cuttings
2014 19 2 11 6 10.52
Mean - - 24 1 17.33 5.66 4.16
Note:.

» Horizontal cutting of both the lower horizon ane tlpper horizon root did not sprout but
some of them show young rootlet formation on them.

* Inclined root cutting showed sprouting though thenfs was only 1-leaf plant.

* Most of the plants sprouted shows stunted in iswvgn and all of them were non-

reproductive plants.



Root cuttings in Panax pseudoginsentn general the roots that were cut horizontally aerad

dormant morphogenetically. In the present studndocted for three years there was no shoot
bud formation but some segments showed formationaifets Table 21). Inclined root cutting

shows both rootlet formation and budsg, 24 9. Only 4.16% plant was set in the inclined root
cuttings but horizontal root cuttings showed nonplset during the three years of observation.
While, compare to horizontal root cuts, inclinedtr@uts exhibited better response but the
morphogenetic response is very poor in both théings It was observed that the plantlets

developed were 1 leaf in inclined root cuttifgg( 24 0.

Rhizome cuttings and group rhizome fragmentation Haris polyphyllaSmith.: In the study
with rhizome cuttings, it was observed that ~50% rhizomemained recalcitrant while the
remaining segments registered morphogenetic respand formed shoot budfig. 25 a &
Table 22. The shoot buds was converted into plants irptaeted pots within 4-5 monthEig.

25 b) but majority of them were non-flowering in natuf@n the regenerated plants of ~49%,
only 7 % were reproductive plants that bear thoiatcence. During the present study it was
found that the rhizome length and the number ofsbade very important during the
fragmentation process. If multiple buds are presena single off-shoot, the length of the
rhizome must be longer. However sometimes the oot rhizome is found to be very short
even when multiple shoot buds are present. Indage the rhizome is taken as this short off-
shoot. Appropriate pieces should be cut to achikegeoptimum morphogenetic response and the
existence of a bud in the rhizome is an added adganduring cuttings as most dormant

rhizomes are from those cut parts where the budalvasnt.
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Figure 25: a. Sprouting of shoot bud from the rhizone segment ofParis polyphylla b.
Plantlets developed from the sprouted shoot budsya c. Regenerated plants in the bed.

Table 22: Propagation ofParis polyphyllathrough rhizome cuttings

Study No. of No. of rhizome | No. of rhizome No. of % rhizome
year segments segments segments rhizome segments
sowed in | sprouted and | sprouted and segments sprouted
the field formed formed non- remained shoot buds
reproductive reproductive dormant and plants
plants plants
2011-2012 100 09 40 51 49
2012-2013 100 04 39 57 43
2013-2014 100 08 48 44 56
Mean 100 7 42.33 50.66 49.33
Note:

» Paris polyphyllapropagation was done every year during the monthooember.

» All the rhizomes used for propagation were healtiigomes which were flowering the
previous season.

* Rhizomes were cut into pieces having atleast twthitee node/bud scars and sowed in
the field.



Table 23: Propagation ofParis polyphyllathrough group rhizome fragmentation

Year of study No. of No. of No. of Rhizome | % rhizome
rhizome rhizome dormant died sprouted
pieces tested sprouted rhizome

2011-2012 43 32 10 01 74.41

2012-2013 62 46 15 01 74.19

2013-2014 51 39 10 02 76.47

Mean 52 39 11.66 1.33 75

Note:

» Compound rhizome clumps were collected from thelwaihd individual rhizomes were
fragmented/ separated from the clumps and sowttkifield and in the poly-bags.

For regeneration of plants from the group rhizoineas necessary to split the individual
rhizome from the clump to optimize the multiplicati Of the total separated rhizomes planted,
~75% rhizomes could sprout successfully and formplkeahts Table 23 while the remaining
rhizomes failed to register morphogenetic respol@tality rate and dormancy exhibition by
the plant was very low. The regenerated plants wemtained in the bed for 6 months before

transferring to the fieldHig. 25 9.

Discussion

During the present study attempts were made toggate and produce clonal planting
materials ofPanax pseudoginsengnd Paris polyphyllafrom rhizomes of both the species
through cuttings and fragmentation. The propagatibRanax pseudoginsertgrough rhizome
cuttings was found to be applicable for macro pgapan of the plant species. However,

dormancy of the cut rhizomes was very high. Outwfrhizomes, ~34% were morphogenetic. It



was observed that for successful morphogenetiorssprhizome segments should be more than
3 bud scars. Fragments with fewer bud scars suggh@aorer morphogenesis. This is probably
due to smaller size of the segments and lessenveesiwod which failed to support
morphogenesis. The cut rhizomes mostly sprouteldlaaf plants in all the three years of study
along with few 2-leaves plants. In the second weplant with 5 bud scars cut rhizome give rise

to 3-leaves plant which was stunted in growth aad {gss than 10 cm in height.

The soil mixture preparation did not have much girafound effect or differences in
relation to the plant sprouting, dormancy and deatie propagation oPanax pseudoginseng
through root cuttings is not appropriate for masgppgation, even though inclined root cuttings
can give some positive results on the plant praodaciThe propagated underground parts for
Panax pseudoginserage its rhizomes. The roots would be best plaased whole. Roots having
one or two bud scars can still survive very welll dormation of buds can take place from the
root. Splitting of rhizomes is rare in ginseng las plant occurs as distinct individuals (Van der

Voort et. al, 2003) in its natural condition.

Experiments on growth and multiplication of rhizesrof Panax sikkimensiandPanax
bipinnatifida was shown using different hormones (Raoal, 1998) however, the protocols
developed in the present study is based on traditimethod without any usage of inorganic
nutrients or different hormone applications so tihatill help the locals/farmers in practical
application by its easier method, cost effectived atonvenient in propagating these
economically important threatened species and wadrkioe conservation strategies of these

species in the natural habitats.



Paris polyphyllapropagates efficiently from the underground cutzeimes and it was
more efficient than propagation through the se&tszome cuttings and fragmentation show
better result on the soil bed. The fragmentatiomhi¥omes enables the individual rhizome to
grow healthier. This might be due to free spaciagcampared in potted polybags. The plant
grows well when more appropriate spacing is givethem. Some of the cut rhizomes shows
flowering but majority of them were in the non-flering stageParis polyphyllagrows well in
slope areas. Naga Hills forest with 1300 m and ebigvan ideal place for its propagation.
However, planting should not be done in too slapas as it drains off the top soil during heavy

rains.

Appropriate site habitat for cultivation of theapts is very important to ensure its
establishment, growth, reproduction and being disdeee. Both the plant takes long time to
mature and bear fruits which is their only natwaly of propagation. Sustainable harvest from
wild populations can be a prior conservation optileat requires a sound management system
and sound scientific information (Schippmaetnal.,2002) and therefore the locals should adopt
sustainable means of harvest of these wild medisipecies. Domestication and propagation of
these plants for their uses can be helpful in ptaie of the wild population. Further, selective
harvest should be done by harvesting only thosetplthat do not produce inflorescence and
collection should take place only during the fdilea the plants have dispersed their seeds.
Sustainable regeneration of the plant species tf the plant in the wild is required so proper
conservation measures, legislation laws and aegds® be impose especially for protecting this

medicinal plant species.



Summary and Conclusion

In the present study an attempt was made to propayad produce clonal planting
materials ofPanax pseudoginsengnd Paris polyphylla two threatened medicinal plants of
North East India. The seed propagatiofPahax pseudoginseng not a very efficient means for
producing planting materials as the seeds exhihiysiological dormancy and require over one
year for germination. IfPanax pseudoginsengonal planting materials could be successfully
produced from the rhizome fragments of 3-5 budssedrile inParis polyphyllafragmentation
and cutting of rhizomes could be successfully dsegroducing clonal planting materials. Both
the plants species produced through macropropagatee been introduced into their natural
habitats in the studied area locations and alsother new locations of high altitudes. The
protocols developed in the present study will hible locals to propagate these economically
important threatened species and workout the ceasen strategies of these species in the

natural habitats.



Chapter - 5

Summary

Nagaland which lies between 25°06'-27°04' N lagtachd 93°20'-95°15’ E longitudes
with an area of 16,579 sq. Km is among the richesdiverse region in the world and it lies in
the Indo-Burma biodiversity hotspots. The geogreghiocation of Nagaland has provided an
ideal environment for the growth and nourishmendiéferent medicinal plant species but in the
recent years, extinction has been the destinygréat number of plant species including several
unique and irreplaceable varieties, while many aaaimilar fate. Nature has provided a rich
store house of herbal remedies to cure all mangiild’Plants have been used in the traditional
health care system from the time immemorial, paldidy among tribal communities. As

medicinal plants continue to be the key role intieatment of number of diseases, and they are



the only source of medicines in the treatment ajpbe in the developing world in most cases,

conservation becomes a very important priority.

The thesis 'Studies on seed biology and mass ricétilon of two medicinally important
plant speciesPanax pseudoginseny. (Araliaceae) andParis polyphyllaSmith. (Trilliaceae)’
presents the findings of the present investigabanniche characterization, floral phenology,
reproductive biology, seed biology and propagatdriwo threatened medicinally important
species of North East India vianax pseudoginserapdParis polyphyllaSmith. Present study
was conducted in different districts of Nagalandheir natural habitats. Artificial habitats were
established to check the adaptability and estabksth of the species to new environments.
During the present study, it was found that disittitm of both the species are restricted to very
few patches in Nagaland. Further it was found Hudh the species grow well at higher altitude

and under >80% canopy cover. The species wisenigsdare given below:

Panax pseudoginsentV.: Present investigation was conducted in two natuahitats to study
the distribution ofPanax pseudoginserand the factors that influence their establishnerie
natural habitat and their adaptability in synthdtabitat. Efforts were also made to study the
correlation between the plant phenology, rhizome ag flowering and seed setting. It was
found thatPanax pseudoginsergyow healthy in the undisturbed forest where theopy cover

is more than 80% and if the canopy cover decres®@%o, plants fails to establish proper growth
and development. In the artificial habitats plarggistered poor survival and failed to flower
effectively. Normally, sprouting of the rhizome &k place from mid-February onwards.
Centripetal inflorescence is exhibit where flowgrioccurs blooming from the base of the
inflorescence to the tip of the inflorescence. Fawg period starts from late May to early June

with 50-65 flowers per umbel. The plants are selfipated. The timing of anthesis is between



6:30- 7:30 A.M, followed by the dehiscence of antrem 7:30-8:30 A.M onwards. Rhizome
dormancy was associated with the leaf class stadeheere is a distinct rise in the increase of
plant dormancy from 2-leaves onwards. Mortalityerat the plants was studied by counting the
roots where no growth of plants occurs during tt@Ming season. It was observed that highest
mortality was in seedling stage followed by onef,léao leaves, three leaves and four leaves
respectively. Flowering status improved with ther@ase in leaf humber. Among the plants
studies, ~90% plants produced flower with the @amith 4 leaves. It was observed that plants
bearing less than three leaves did not supporteilmg and plants produced from the rhizome
more than 5-6 years old supported viable fruitsregtFurther it was recorded that plants with 2-
3 leaves supported mostly one-seeded and two-sérdedwhile from plants with 4-5 leaves,
one-seeded fruit starts reducing and three-seedgtdstarts increasing. Higher leaves plants
increase the reproductive outcome. The plant shoselfipollination better than cross-
pollination in terms of seed setting. The collecsegds were stratified following two different
techniques. The un-stratified seeds exhibited 986 germination after almost 14 months of
sowing. In contrary when the seeds stratified 8€26r 3 months followed by cold stratification
(4°C) before sowing to the seed bed registered ~68%igation within 2 weeks of sowing. The
seedling resulted from the germinated seeds warsfer from the field to their natural habitat

after 1 year.

Panax pseudoginseng an economically important medicinal plant and #pecies is
extremely threatened. The findings of the preséumdysprovide us a clear picture about the
natural habitat and their primary requirementssiarvival, flowering, fruiting and seed setting.
Further the findings pinpoints why the species cafe cultivated easily away from the natural

habitat.



Paris polyphyllaSmith.: During the present investigation efforts were pub to study the
distribution ofParis polyphyllaSmithvar. polyphyllain natural habitats and the factors influence
their establishment in the natural habitat andrtadaptability in synthetic habitat. Besides this,
effort was made to study the floral morphologygetfof environmental conditions on flowering,
pollination, seed setting, reproductive output #taas found thaParis polyphyllagrow healthy

in the undisturbed forest where the canopy covenase than 80% and if the canopy cover
decreases <50%, plants fails to establish and flomethe artificial habitat plants registered
moderate survival but there was poor and effecgtablishment in seed settinBaris
polyphylla Smith var. polyphyllais influenced by other plant species in its ndthebitat and
wherever these associated species were preRens, polyphyllaregistered healthy growth. A
small bud outgrowth appears on its rhizome jusoiggafter the above ground part of the plant
dies during late autumn. The bud remains dorman#{6 months. The number of bud in any
particular rhizome does not remain const&atis polyphyllaflowering begins in March-April.
Flowers are perfect flowers as they contain bothrttale and female gametes within the same
flower. Outer tepals are leafy and green, while the ineeals are yellowish green and filiform.
Both self- and cross- pollination occurs in thenpl@ollination can occur through small insects
as the plants are visited by different insects sashdifferent types of flies and bees. Huge
amount of pollens are wasted. After fertilizatitime ovary enlarges forming a globular capsule.
The anther and its filaments and the inner tedalslg disintegrate off from its tip end towards
the bottom. The outer covering of the capsule sfitsn exposing the seeds. Seeds are dispersed
by gravity and the seeds usually fall near its rapgflant. The unique feature of anther; anthers

are arranged in two whorls in a definite patterd #re production of large volume of pollen by



an inflorescence. When tested for reproductive wutg the plants, around 60% were non-

flowering/ non-reproductive which add to the lintibe of the plants in the natural population.

Paris polyphyllais an economically important medicinal plant ane thpecies is
extremely threatened. The findings of the preséumdysprovide us a clear picture about the
natural habitat and their primary requirementsdiarvival, flowering, fruiting and seed setting.
Further the findings pinpoints why the species cafe cultivated easily away from the natural

habitat.

Macropropagation of Panax pseudoginsengVall. and Paris polyphylla In the present study
attempt was made to propagate and produce cloaatipy materials oPanax pseudoginseng
andParis polyphylla two threatened medicinal plants of North Eastdndhe seed propagation
of Panax pseudoginseng not very efficient means for producing plantmgterials as the seeds
exhibits physiological dormancy and require overe oyear for germination. InPanax
pseudoginsengclonal planting materials could be successfullydoeed from the rhizome
fragments of 3-5 bud scars. The plants producee wansferred to the wild after three years of
its observation and maintenance in the prepared\Wede in Paris polyphyllafragmentation of
rhizome and splitting of group rhizomes could becgssfully used for producing clonal planting
materials. Selection of rhizomes and cutting pathe plant is highly important in both the plant

species during propagation.

The findings from the niche characterization oftbthte species will help in conservation
and rehabilitation of these two threatened medigitent species. Studies on floral phenology,
reproductive biology will help the growers to unstand the reproductive bottle necks of these

species and why these species fails to produceiemitf seeds and the problems associated with



the seed propagation of the species. Further, mécof the macropropagation experiments
provides information how the rhizomes could be u$ad successful production of clonal

planting materials which are easy, inexpensive andld be followed by even common

farmers/growers.
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