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CHAPTERl 

INTRODUCTION 

The tenn 'Biological diversity' draws together concepts that had 

preoccupied Ecologists and Geneticists for some time prior to 1980's. The concept 

of biodiversity was introduced by Lovejoy (1980) to express the number of species 

present in a community. Norse and McManus (1980) included genetic diversity 

and ecological diversity and Norse et al (1986) further expanded the usage of the 

tenn 'biological diversity' to include genetic (within species), species (species 

numbers) and ecological (community) diversity. 

The contracted form - 'biodiversity', was coined by Walter G. Rosen in 

1985 (cf. Wilson 1988). But the notion of the tenn was brought to the attention of 

scientists and others by Wilson (1988). The tenn was clearly defined in the Earth 

Summit (1992) at Rio De Janeiro, Brazil, which closely mirrors the concept of 

Norse et al (1986). 

"Biological diversity means the variability among living organisms from all 

sources including, inter, alia, terrestrial, marine and other aquatic systems and the 

ecological complexes of which they are part, this include diversity within species, 
~ 

between species and of ecosystem" (UNEP, 1992 cf. Harper and Hawksworth 

1995). 



Biodiversity is by no means evenly distributed on the earth; some areas are 

very rich in overall diversity than the others. Biodiversity is high in wann and wet 

areas and low in drier and cooler areas. Diversity decreases with the increase in 

altitude and latitude. The tropical rain forests are non-seasonal ecosystems with 

high species diversity of both plants and animals, their structure is very complex 

and they are relatively stable (Richards 1986). Their stability is only in a relative 

sense and they are subjected to short-term changes due to natural and man-made 

causes. Even the least disturbed tropical rain forest consists of both seral and 

climax tree species, and is characterised by patchwork of gap, building and mature 

phases. They are the richest diversity areas on the earth containing more than 50% 

of the plant species, out of the estimated 3,00,000 flowering plants (Myers 2000). 

It is estimated that the tropical moist forest occupies an area of 1510 million ha, 

within which lowland rain forest covers 715 million ha (Whitmore 1998). 

One of the severe and unlike any environmental threats is the accelerating 

and potentially catastrophic loss of biotic diversity. In the tropics the most 

important cause of biodiversity loss is shifting cultivation and logging for timber 

based industries. The overall global loss of all tropical moist forests during 1981-

1990 was estimated to be 13.1x 106 ha year -lor 0.9% (FAO ef. Whitmore 1998). 

Therefore, conservation of biodiversity has attained immense importance in the 

recent time. From conservation point of view, a promising approach is to identify 

areas, which harbour far greater concentration of biodiversity then others and 
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exhibit high level of endemisms and at the same time most severely threatened. 

This has led to identifY priorities or species- rich areas on the earth (Myers 

1988,1990). These areas are referred to as 'Hotspots' of biodiversity. Myers et at 

(2000) identified 25 hotspots supporting 44% of all vascular plants in just 1.4% of 

land surface of the earth. Out of the 25 hotspots, 15 are predominantly tropical 

forests, which largely mean developing countries where threats are greatest and 

conservation resources are scarcest. 

Species richness, their dispersion, density and dominance in relation to the 

co-existing species are major detenninants of community structure. According to 

Richards ( 1996) the structure and function of forest ecosystem is primarily 

detennined by the plant component than any other living component of the 

system. The species composition of communities express their relationships to one 

another as well as to their physical environment than dominance or any other 

community characteristics. Therefore, Whittaker (1 ~75) emphasized that 

classification and interpretation of communities should be based on their floristic 

composition. Clement (1916) viewed community as a 'super organisms' with 

successional development from pioneer stage to relatively stable climax stage. 

Tansley (1935) pointed that in a community certain populations are independent as 

they can establish themselves well in other communities while others are strongly 

dependent. Gleason (1926) claimed that community depends for its existence on 

its particular environment, which changes constantly in space and time. The 
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individualistic concept of Gleason (1926) provides a framework for examining 

plant community in greater detail as a dynamic unit. 

Biodiversity renders. several environmental services also known as 

ecosystem services including regulation of climate, biogeochemical cycles, 

hydrological functions, soil protection, crop pollination, pest control, recreation 

and ecotourism (Myers 1996). In recent years, the effect of biodiversity on 

ecosystem processes has received much greater attention because of growing 

concern that loss of biodiversity may impair ecosystem functioning (Ehrlich and 

Wilson 1991, Schulze and Mooney 1994, Vitousek et al 1997, Chapin et al 1997). 

With the current rate of species extinction there is growing interest in detennining 

how the loss of biodiversity might alter the rates of ecological processes like 

productivity, decomposition, elemental cycling etc. that are vital to the functioning 

of the ecosystems. Several studies have provided clear evidence that biological 

communities do indeed regulate ecological processes (Naeem et al 1994, Tilman 

et a11996, 1997, Hooper and Vitousek 1997, Mc Grady-Steed et a11997, Wardle 

et al 1997, Symstad et al 1998), but these studies have often reached very different 

conclusions about the contribution that species diversity itself makes to ecosystem 

functioning. 

The classification of species into functional groups has been suggested as a 

way to simplify the examination of species eflects on ecosystem properties and of 

the effect of global change on species interactions (Korner cf. Schulze and 

4 



Mooney 1994). Functional groups' are defined as groups of species with similar 

response to a given factor (Gitay and Noble 1997). Within an ecosystem plants can 

be divided into groups with common features according to quality criteria such as 

life form, over all size, rooting depth, symbiotic associations, fire resistance, 

spatial distribution of plants and plants organs etc., (Lavorel et al 1997, Komer 

1994). Functional grouping of components of vegetation have been done by earlier 

workers on the basis of morphological (Raunkiaer 1934), physiological (Ellenberg 

1974, Kinzel 1983) and physio-morphotype characteristic (Turesson 1930, Pisek 

1965, Schulze and Hall 1982). Functional groups have been identified in response 

to disturbance on the basis of extensive sets of traits. Life form has been 

considered to have largest effect because this trait is correlated with other 

functionally important traits such as plant size (Lavorel et aI1997). 

Forest clearance not only destroys community organization and causes 

biodiversity loss, it results in exposure of topsoil leading to increased erosion and 

decrease in total soil organic matter (SaM). The carbon loss from the system is 

gradual and is not easily detectable. One of the current models of SaM dynamics 

divides SUM into three fractions with dinerent turnover rates; the active (0.14 yr), 

slow (5 yrs) and passive (150 yrs) fractions (Parton et aI1989). The active fraction 

with short turnover time appears to contain primarily living soil microbial biomass 

and microbial products. 

5 



Information on changes in microbial biomass following vegetation removal 

IS valuable not only because it provides information on slower, less easily 

detectable SaM changes but also because microbial biomass contributes to soil 

fertility (Henrot and Robertson 1994). The change in microbial biomass carbon 

after conversion of virgin rain forest to pasture in an Amazonian soil has been 

reported by Luizao et al (1992). Microbial biomass carbon accounts for 3.5-5.3% 

of the total carbon in Amazonian Pastures and forests, (Luizao et al 1992), 0.27-

5.0% in cultivated soils (Anderson and Domsch 1986) and 1.8- 2.9% in forests 

soils (Vance et al 1987). It acts as medium through which all organic material that 

enters the soil must pass (Jenkinson 1977). 

Bolton et al (1993) demonstrated that plant cover determines the amount 

and activity of the soil microorganisms. Root biomass and aboveground plant 

biomass are considered to be the main source of SaM and the latter is highly 

correlated with microbial biomass (Schnurer et al 1985). Srivastava and Singh 

(1991) reported that the conversion of dry tropical forest into savanna resulted in a 

decrease in the amount of plant biomass leading to decrease in soil nutrients and 

microbial biomass. The eflect of disturbance such as tree cutting and shifting 

cultivation in the humid tropical forest causes depletion of soil nutrients by 

lowering microbial biomass and microbial activity (Arunachalam et al 1999). 

Microbial biomass can provide one of the most satisfactory estimates of the 

effect of disturbances. Though the soil biomass measurements are not uniform 
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across systems and is highly debatable, relative biomass change over time should 

be sutlicient for predicting the ecosystem recovery after disturbance. The 

microbial biomass measurement may provide the infonnation needed for 

ecosystem level monitoring of disturbances and recovery (Smith and Paul 1990). 

Nitrogen and Phosphorus are the two most important limiting nutrients in 

soils. A major challenge to ecologists and land managers is to increase agricultural 

and forest productivity, which is largely dependent on the availability of these two 

essential macronutrients. The availability of N and P in soil is largely controlled 

hy biologically mediated processcs such as mincralization and immohilization. 

Mineralization is a process of nutrient release from the organically bound 

materials into inorganic or plants-available fonns. Mineralization of organic soil N 

is therefore, fundamentally linked with forest productivity and attention is being 

shifted from static measures of N- availability to more dynamic measures of N 

release (Keeney 1980). 

Many studies have reported increased loss of N and other elements from 

forest ecosystem following tree felling. Recognition of the effects of disturbance 

on elemental cycling and loss in tcrrestrial ecosystems has incrcased in reccnt 

years. This emphasizes the continuation of a longstanding concern among forest 

scientists over the possibility that forest clearing causes nutrient losses, which 

could affect the long-tenn productivity of a site (Likens et at 1970). To 

characterize the degree of homeostasis in forest biogeochemical cycles, elemental 
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losses following disturbance have been used and has been suggested as a useful 

measures of ecosystem-level stability (Bormann and Likens 1979). 

In the north-eastern India the state of Meghalaya having an area of 22429 

sq. km and is botanically rich and interesting area which has attracted the attention 

of a large number of taxonomists in the past. The state has about 15,769 sq. km of 

tropical and subtropical forest cover, of which only 11 % is under the control of the 

state government and the rest belongs to the people (Tiwari et aI1999). 

The rich floristic diversity of the state is confined mainly to moist 

tropical and humid subtropical forests, which are exposed to various types of 

forces leading to their destruction. The major factors responsible for deterioration 

of forest wealth are shifting cultivation or jhum, forest fire, over exploitation of 

medicinal and ornamental plants, encroachment for developmental activities and 

permanent agriculture. The state lost 845 sq. km of forest cover during 1987-1997 

and 24 sq. km during 1997-1999 (FSI 1987, 1997, 1999). Therefore, the biological 

diversity of the state is preserved mainly in the Biosphere reserves, Wildlife 

sanctuaries and National parks and forests protected by the different tribes of the 

state. All three major tribes of the state - Khasi, Jaintia and Garo, have an age-old 

tradition of preserving small patches of old growth forests as a part of their culture 

and religious beliefs. These are popularly known as 'sacred groves'. These are 

forest communities and composed of large number of endemic and rare taxa of the 

region and harbour a good number of medicinal and other plants of economic 

8 



importance. The sacred grove gives a glimpse of the virgin climax vegetation that 

might have covered the hiHs and valleys in the past (Kanjilal et al 1934-40). About 

79 sacred groves covering an area of about 1,00,00 ha has been reported by Tiwari 

et at (1999) from Meghalaya. The vegetation of these groves varies from tropical 

moist deciduous to sub-tropical wet hiH broad leaved forest (Champion and Seth 

1968). 

Loss in forest cover and destruction of climax tropical and humid 

subtropical forests are of major concern for plant diversity conservation. Even the 

sacred forests, which were protected for centuries, are being encroached upon for 

various reasons, causing destruction of the complex cOJl1!l1unity organization and 

loss of plant diversity. Therefore, the present study was undertaken in the two well 

preserved sacred groves and their mildly disturbed portion in laintia HiHs of 

Meghalaya with an objective to assess floristic richness, study community 

structure and to evaluate the effect of disturbance on phyto diversity certain 

ecological processes within the ecosystem. 

The major objectives of the study were as follows: 

i) To study the plant biodiversity status of the sacred groves. 

ii) To analyse the structural organization of the sacred grove 

communities. 
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iii) To assess the effect of cultural disturbance in the grove on plant 

diversity, certain soil biological process such as temporal and spatial 

dynamics of microbial biomass carbon and N mineralization. 
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CHAPTER II 

REVIEW OF LITERATURE 

The tropical rain forests covers an area of 7% of the land surface and are 

among the most species-rich vegetation in the world (Richards 1996, Gentry 1982, 

Whitmore et al 1985, Gentry 1988). They harbour more than 50% of the total 

plant species of the world (WCMC 1992) and are characterized by complex 

comm~mity organization and high productivity. Besides, sustaining local 

environment through soil and water conservation, they also influence regional and 

global climate. Biodiversity not only provide direct economic benefits to human 

beings but plays important role in ecosystem function and stability. 

It has been estimated that every hour 2-5 species are being lost from the 

tropical forests alone. This amounts to a loss of 16m populations per year or 1800 

populations per hour (Singh 2002). Biodiversity is by no means evenly distributed 

on earth, and could comprise 5 to more than 50 million species. It increases from 

the poles to the equator and from high elevations to low elevations. Diversity is 

greater on continents than on islands, and rather low in habitats with extreme 

environmental conditions such as deserts, hot spring etc. Even at regional and 

ecosystem levels biodiversity is not uniformly distributed. There are some areas 

that are very rich in overall diversity and endemism than the other. Furthermore, 

many of the richest areas of the world happen to be under the most severe threat. 
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From conservation point of view a prOiTIlSmg approach for the study of 

biodiversity is to identifY ' hotspots' or areas which harbour far greater 

concentration of species than others and exhibit high levels of endemism and at 

the same time most severely threatened. Myers (1998) used plants as indicators for 

biodiversity and initially identified 10 tropical rain forests hotspots, which has 

been increased to 25 (Myers et al 2000). These hotspots accounts for 20% of the 

global plant diversity in just 0.5% of the land area. The tropical Andes ranks first 

among the hotspots with 20,000 endemic plant species followed by Mediterranean 

Basin (13,000 endemic species). In the Indian subcontinent the two hotspots, the 

Indo-Burma harbours about 7000 and the Western Ghats and Srilanka provides 

shelter to 2182 endemic species. 

The highest number of tree (> 10 cm dbh) species (307) was recorded for a 

1 ha plot of terra firme tropical rain forest by Valencia et al (1994). Gentry (1988) 

recorded 283 species (> 1 0 cm dbh) from a 1 ha plot of a forest near Iquatos, Peru 

and Gentry (1990) in Cocha Cashu recorded 201 species from 1 ha plot. These 

findings only reflect the magnitude of species richness in the tropics. 

The economic development of many developing countries of the world is 

closely linked with the exploitation of tropical forests, which has led to faster rate 

of deforestation and the loss of biological diversity. The effect of human activities 

on species diversity is an issue that has attracted the attention of ecologist from 

,both theoretical and applied standpoints (Stapanian et al 1997). The accelerating 
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and potentially catastrophic loss of biodiversity is unlike other environmental 

threats because it is irreversible. Human impacts were once very restricted in time 

and space, therefore, deforested clearings usually regenerated. However, the 

impact on tropical rain forests has change in pace and time leading to biodiversity 

loss. The most important cause of biodiversity loss in the tropics is shifting 

cultivation and logging for timber based industries (Richards 1996). The growing 

concern of the benefits and at the same time the fast depletion of biodiversity has 

necessitated a speedy inventory and monitoring of diversity at all levels. 

Biodiversity is usually expressed as species richness or number of species 

in a given area. Species area curve has been widely used by early ecologist to 

identify the minimum area of a plant community, its application for estimating the 

number of species for a given area or for estimating species loss as a function of 

habitat loss, has gained momentum only in recent years (Singh 2002). A number 

of formulae, indices and models to explain various aspects of species richness in a 

community have been devised by ecologists. Fisher et at (1943), Shannon and 

Weaver (1949), Simpson (1949), Pielou (1975), Wilson (1984), Magurran (1988), 

and Smith (1986) have interpreted different formulae and indices of diversity and 

suggested appropriate tools for different situations. The most widely and accepted 

tool for measuring diversity is the Shannon and Wiener's (1963) index commonly 

known as Shannon's Index of general diversity. Simpson's (1949) successfully 

formulated an index known as Simpson's index of dominance. This index shows a 
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high preponderance towards the most abundant species in the sample. Thus the 

value of Simpson's index increases as the index of general diversity decreases 

(Magurran 1988). Whittaker (1972, 1977) used a (alpha) and P (beta) diversity to 

measure species richness of a community or habitat and diversity between habitats 

or communities respectively. Jaccard (1912) and Sorensen (1948) derived 

f<.mnulae to measure similarity between habitats or conununities based on species 

composition and are qualitative in nature. The quantitative approach to the 

measurement of similarity between the habitats or communities was worked out 

by Morisita- Hom (Morisita 1959, Hom 1966, Walda 1981, 1983 and Magurran 

1988). The methods outlined by the above authors have been widely used for the 

study of plant diversity. 

A number of studies on plant diversity have been carried out in the tropics 

and sUbtropics. Gentry (1988), Phillips et at (1994), Felfili (1995), Johnston and 

Gillman (1995), Libennan el at (1996), Kellman et at (1998) and Wilson et al 

(1996) are some of the prominent workers who made significant contribution to 

the study of plant diversity. Hubbell and Foster (1983) carried out an exhaustive 

survey of 50 ha permanent plot in Borro Colarado Island, Panama. Similarly a 50 

ha plot was surveyed by Manokaran et at (1992) and Sukumar et at (1992) in 

Malayasia and South India. Ayyapan and Parthasarathy (1999) studied 30 ha 

pennanent plot in Western Ghats of India. Ashton et at (1972), Proctor et at 

(1988), Turner (1996), Shin-ichiro Aiba (1999), Min Cao (1997), Fang Cao (1997) 
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and Sahunula and Dhanmononda (1995) have contributed to the understanding of 

biodiversity in the tropical and subtropical Asia. 

In India, Parathasarathy and Karthikeyan (1997), Sukumar et al (1992), 

Visalakshi (1995), Singh et al (1995), Ganesh et al (1996), Joshi et al (1997), 

Ganeshieh et al (1997), Elouard (1997) Kadavul and Parthasarathy (1999) and 

Jamir (2000) have contributed to the understanding of the plant diversity in 

different parts of the country. 

The understanding of the effect of human activities on species diversity has 

emerged as an important issue for many ecologists. There are two views regarding 

the effect of disturbance on species diversity. One hypothesis is that ecosystems 

with greater species diversity are more resilient to environmental disturbance and 

some species would compensate for those members of the community that are 

reduced or eliminated by the disturbance (Pimm 1984, Ehrlich and Wilson 1991, 

Lawton and Brown 1993). Contrary to this view Connell (1978) proposed that the 

tree species diversity in rainforest would be greatest where disturbances are 

moderate in intensity and frequency. Similar was the opinion of Collins (1995) 

who argued that species richness should be highest at intermediate frequencies of 

disturbance when condition favours competitive species and those that tolerate 

disturbance. 

The damage caused to the trees may be natural or human induced. These 



III the forest canopy. Such opemngs alter the microclimate and microsite 

heterogeneity significantly so much so that it may effect community dynamics 

(Orians 1982, Nunez Farfan and Dirzo 1988 and Mc earthy and Facelli 1990), and 

play important role in maintaining species diversity in the forest. In course of time, 

the gaps are colonized by a variety of plant species making the forest a mosaic of 

plant communities representing different developmental stages of the forest 

(Whitmore 1975, Oldeman 1978, Sarukhan et aI1985). 

Inventories of natural population of tropical trees by girth or diameter 

classes are numerous. In natural rain forests there are many more young 

individuals than mature trees in the majority of species and in the population as a 

whole (Richards 1996). The diameter class distribution also reflects the height 

distribution to some extent and gives some indication of the vertical structure of 

the forest. There are striking differences between the size class distribution of 

shade intolerant (light demanding) and shade tolerant tree species. The population 

structure also reflects the regeneration potential of the forests. Jamir (2000) and 

Upadhaya et al (2002) have also reported the preponderance of trees in the lower 

dbh (5-15 cm) class from the sacred groves of Jaintia hills in Meghalaya. 

The dispersion pattern of trees in the community is an important structural 

parameter. In all rain forests the trees are unevenly, but usually not randomly 

spaced. This applies to individuals of one species as well as the tree population as 

a whole and seems to be due to various causes, some intrinsic to the trees 
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themselves and some influenced by environmental. Poore (1968), Ashton (1969), 

Herwitz (1981) have shown by pattern analysis that in the mixed forest, although 

the dispersion pattern of some species do not depart significantly from random, 

many are clumped to various degrees. Regular patterns are rare and are found 

sometimes in peat swamp forests. Clumping of individuals of the same species 

may be due to opportunity or chance. When numerous saplings are able to grow in 

large gaps, it is often clearly related to the dispersal mechanisms of the species. 

Several hypotheses have been put forward to explain the cause of species 

diversity in communities. There are two different broad views. One group of 

theories (equilibrium theories) considers the environment as stable and recognizes 

intra and inter specific competition as the determinants of species diversity. The 

importance of competitive abilities of the species for co-existence has been 

stressed in this theory. Species though they survive in a particular environment, 

they are able to avoid or reduce competition from other species by finding its own 

niche (Grime 1979, Tilman 1982). Another group of theories (non equilibrium 

theory) focuses on the spatial and temporal instability of the environment (Huston 

1979) that creates regeneration niches for species (Grubb 1977). 

Biodiversity and ecosystem function 

The relationship between biodiversity and ecosystem functioning has 

emerged as a major scientific issue today. Loreau (2000) provided an overview 

that on short-tenn biodiversity afTects the magnitude of ecosystem processes sucl} 
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as primary productivity and nutrient retention and in the long-term contributes to 

the stability and maintenance of ecosystem process in the face of perturbation. In 

many recent studies of biodiversity functional characteristics of the species are 

given prominence. Thus the concepts of ecological function, functional group and 

functional diversity have come into existence (Tilman et al 1997, Hooper and 

Vitousek 1997). 

The ecosystem level effect of an individual species is essential to examine 

the interaction between biological diversity and ecosystem function. Vitousek and 

Hooper (cf. Schulze and Mooney 1994) suggested that individual species are 

significant; otherwise, it is unlikely to detect the much more subtle and complex 

effects of species diversity. Korner (cf. Schulze and Mooney 1994) suggested the 

classification of species into functional groups to simplifY the effects of global 

change on species interaction. Functional grouping of vegetation components by 

various criteria such as phytosociological association, life form, overall 

morphology, position in the canopy, structure of organs such as leaves or roots and 

their physiological characteristics is well known (Schulze 1982). Grime (1998) 

suggested that the relationship between plant diversity and ecosystem properties 

could be explored by classifYing component species into three categories­

dominants, subordinates and transients. 

Wardle et at (J 997) made extensive study of ecosystem properties on 50 

relatively pristine forested islands of varied size and plant biodiversity. The 
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ecosystem properties like higher microbial biomass, high litter quality, and more 

rapid rates of litter decomposition and nitrogen mineralization coincided with 

lower botanical diversity and the earlier successional state of the vegetation on 

larger areas. Tilman et af (1997) demonstrated that that all species in a system are 

not equal. The loss or addition of species with certain functional traits may have a 

great impact, and others have little impact, on a particular ecosystem process, but 

different processes are likely to be affected by different species and functional 

groups. Hooper and Vitousek (1997) pointed that the functional group 

composition can have a large effect on ecosystem processes than does functional 

group alone. He also emphasized that all species or functional group grown alone 

as well as in more diverse combinations should be investigated to understand the 

mechanisms of diversity effects on ecosystem processes. However, in natural 

communities such experiments are often difficult to conduct and the investigation 

of overall composition or diversity in ecosystem processes seems to be more 

important rather than investigating the effect of functional groups. 

Microbial biomass Carbon. 

Soil microorganisms play crucial role in functioning of ecosystem by 

affecting plant-available nutrients and soil structural stability (Paul and Clark 

1989). They constitute a reservoir of nutrients and participate in nutrient cycling 

(Smith and Paul 1990). A number of studies on measurement of microbial C, N 

and P in different natural and disturbed ecosystems have shown that the soil 
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microbial biomass contains liable pools of carbon and mineral nutrients (Anderson 

and Domsch 1980, Smith and Paul 1990, Von Lutzow et al1992, Wardle 1992, 

Diaz-Ravina et at 1993) which are liberated after their death. Their role in the 

cycling of C, N and P is well established and is influenced by forest management 

(Ohtonen et al 1992, Bauhus and Barthel 1995) and increases proportionally with 

forest productivity (Myrold et alI989). 

Bolton et at (1993) demonstrated that plant cover determined the amount 

and activity of soil microorganisms at the perennial shrub-step site. The removal 

of plant cover in forest ecosystem due to disturbance reduces complexity in 

community structure and adversely influences some important ecosystem 

functions such as productivity and nutrient cycling. Disturbance in forest often 

causes accelerated soil erosion and soil compaction, as a consequence of which 

most of the essential nutrients are lost from the site, textural condition deteriorates 

and revegetation of these nutrient-poor sites becomes difficult (Borman and 

Likens 1981). 

Studies 111 tropical forest ecosystem (Luizao et al 1992, Henrot and 

Robertson 1994) have established that microbial diversity and its biomass decrease 

as a result of disturbance. Srivastava and Singh (1991) reported that the 

conversion of forest into savanna resulted in a decrease in the amount of plant 

biomass resulting in the reduction in organic C that finally led to the decrease in 

the amount of microbial biomass in soil. Results of Arunachalam et al (1999) 
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show that the disturbances such as tree cutting, shifting cultivation, artificial 

plantation causes depletion of soil nutrients thereby lowering the microbial 

biomass and microbial activity in the degraded sites than in the mature forest. 

While most studies have reported that the conversion of forest to other land uses 

results in the decrease in soil C (Veldkamp 1994, Van Dam et al 1997), several 

studies have found an increase in soil carbon following conversion of forest to 

other land use (Lugo and Brown 1993, Fischer et al 1994, Neill et aI1997). 

The microbial biomass is affected by a number of factors such as moisture, 

carbon. nutrients, temperature and pH. Seasons influence microbial number (Diaz 

Ravina et a/1993 ) and mass (Granatstein et a/1987, Lynch and Panting 1981) 

either directly by inducing their responses changes in soil or indirectly by 

influencing plant metabolism. In tropical forest soils the peak. microbial biomass 

has been reported during winter (Luizao et al 1992, Maithani et al 1996) when 

temperature is unfavourable for their activity. On the contrary, during rainy 

season, when warm and humid condition prevails, their biomass-C is low but 

activity is at its peak, thereby indicating fast turnover of MBC during this season. 

In temperate forest soils peak. microbial biomass has been reported during summer 

and winter (Diaz - Ravina et al 1993). Microbial biomass is also influenced by 

rainfall and pI I (Brookes et al 1986, Sarathchandra et af 1989, Kaiser et al 1992, 

Baath et al 1995). The percentage of active microbes may be affected by soil 

texture. It is assumed that due to difference in pore size distribution a higher 
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proportion of microbes are physically protected in small pores in loams and clays 

than in sandy soils (Hassink et at 1993). Due to this protection the grazing 

intensity on the microbes by the soil fauna is low in clays than in sandy soils. It 

has been hypothesized that the grazing intensity in the sandy soils keeps the 

microbial population in a more active state. 

Soil moisture content is another important factor, which regulates the 

decomposition of litter and fine roots and thus affects microbial biomass in soil. 

The drying and rewetting processes are cyclic over the seasonal pattern and soils 

are usually dry during winter when the plant and microbial growth is hampered 

due to unfavourable conditions (Singh et at 1989). On the other hand, microbial 

growth and activity is favoured due to rewetting of soil during rainy season, and 

therefore, there could be a greater release of microbial nutrients, which are readily 

absorbed by the plants due to vegetation growth during the rainy season. 

Microbial biomass C ranges between 60-2000 Jlg g-I in various tropical 

forests (Singh et at 1989, Luizao et at 1992, Hemot and Robertson 1994), while in 

the temperate forests it ranges between 132-800 Jlg g-I (Diaz - Ravina et at 1995). 

Arunachalam et at (1999) reported 811- 1684 Jlg g-Imicrobial biomass C from 

Jhum fallow and sacred groves in northeast India. The contribution of microbial 

biomass C to the total soil organic - C ranges between 1.5-5.3% in tropical forest 

soils (Theng et at 1989, Luizao et at 1992) and 1.8-2.9% for temperate forests 
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soils (Vance et a/1987). Maithani (1996) reported a range of 0.92-1.74% from the 

subtropical broad-leaved forest ecosystem undergoing recovery in northeast India. 

Nitrogen Mineralization 

N-mineralization is the rate at which mineral N becomes available in the 

soil for uptake by plants through decomposition of organic matter and has been 

shown to be an important factor limiting production in non-fertilized forest 

ecosystems (Nadelhoffer et al 1984, Pastor et al 1984). The breakdown of 

organically combined nitrogen in the soil is a central part of the nitrogen cycle and 

results in the provision of inorganic nitrogen in the form that is most readily 

assimilated by the plants. The immediate product of nitrogen mineralization is 

usually ammonia, (ammonium ion) generated by the process of ammonification, 

which in turn may be converted to nitrate by the process of nitrification with the 

help of suitable microorganisms. 

A number of studies carried out within tropical forests, including lowland 

forests have shown that N-mineralization and nitrification are substantially more 

rapid in most lowland tropical forests than the in temperate or boreal forests 

(Ellenberg 1977, Robertson 1984). Many chemical and biological tests have been 

used for many years in an attempt to predict the N supplying capacity of soils but a 

satisfactory method of predicting N-mineralization continues to elude investigators 

(Burket and Dick 1998). A better knowledge of the mechanisms and indicators of 
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N-mineralization in soil is essential to improve N-use efficiency and lessen 

environmental impacts on agricultural production. 

In situ N-mineralizatioll ill forest soil was first studicd hy Latnce (1967). 

Subsequently a number of studies were carried out in mature forests of different 

productivity status (Adams and Attiwill 1986, Raison et al 1987), in forests along 

a gradient of N-availability (Aber et al 1985, Nadelhoffer et al 1984), along a 

successional gradient (Lamb 1980, Maithaini et al 1996) and forests subjected to 

disturbance (Vitousek and Denslow 1986). These studies have shown that N­

mineralization in mature forests ranges from 10kglha/yr in cool temperate forests 

to 800 kglha/yr in tropical forests. 

The species composition affects the release of nutrients and at the same 

time the soil fertility also has a m8:jor impact on plant community composition 

(Van Der Krift and Berendse 2001). Most studies have shown that the effects of 

dominant plant species can be as important as abiotic factors in controlling 

ecosystem fertility (Berendse 1990, Wedin and Tilman 1990, Van Vuuren et al 

1992). Such differences are likely to have important consequences for soil organic 

matter dynamics and nutrient mineralization where plant species composition 

changes during succession. Some authors have reported that changes in N supply 

have important effects on species replacement (Chapin 1980, Berendse 1983, 

Wedin and Tilman 1990, Olff et al 1994) and the species replacement during 

succession might also have major effects on N cycle (Van Der Krift and Berendse 
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200 I). Effect of plant species on soil nitrogen mineralization is available from 

grassland (Van Der Kri ft 2001, Wedin and Tilman 1990). However such studies 

are limited from forests as manipUlating different species in combinations is often 

a m~ior problem. 

The effects of disturbance on elemental cycling and nutrient loss in forest 

ccosystems have been a matter of long standing concern among the forests 

Scientists. Element losses following disturbance have been used to characterize 

the degree of homeostasis in forest biogeochemical cycles (Borman and Likens 

1979) and is considered as a useful measure of ecosystem level stability. The 

impact of disturbance on N-mineralization is important because high disturbance 

may reduce the ability of plants to take up mineralized N, removal of canopy can 

increase the rate of N mineralization by increasing soil temperature and moisture, 

by increasing the frequency and intensity of dry and rewetting cycle on the forest 

floor (Campbell et al 1973. Van Gestel et al 1991), by increasing the availability 

of substrate for mineralization (Rice 1979) and by decreasing resource competition 

between heterotrophs and mycorrhizae (Gadgil and Gadgil 1975). However, the 

amount of the N-mineralized varies among sites and depends on the extent to 

which plant N uptake is decreased, the amount of increase in the rate of 

mineralization (Vitousek 1981) and the rate of mineralization prior to disturbance. 

Fluctuations in N-mineralization and nitrification have been largely 

attributed to seasonal variation in temperature and moisture content (Swift et al 
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1979, Sierra 1997). A low rate of N-mineralization during winter reflects low 

temperature. The rise of temperature during spring increases microbial activity and 

enables more inorganic N to be released (Sierra 1997). The decrease in net soil N 

transfonnation rate with increasing altitude indicates that temperature primarily 

controlled the transformation rate irrespective of substrate (Kitayama et al 1998). 

Thc rainfall (Zak and Grigal 1991) governs seasonality in N-mineralization. Soil 

moisture content limits N mineralization in dry tropical forests (Singh et aI1991), 

in Scotish highlands (Morecroft et al 1992) and in Taiga forests (CIein and 

Schimel 1995). 

Since forests soils are usually low in plant available ammonium and nitrate 

and such ecosystems do not receive large fertilizer inputs, mineralization plays a 

key role in influencing forest productivity. The diiTerences in N-mineralization 

and nitrification is not simply a function of the net plant biomass production but 

are probably also due to ditTerences in biomass turnover rates (Aerts et al 1992, 

Schlapfer and Ryser 1996) and litter decomposability (Berendse et al 1989). 

Release of nutrients from forest floor is regulated by the chemical composition of 

the litter (Berg and Staof 1980) and environmental conditions (Meentemeyer 

1978). The litter decay depends upon the availability of carbohydrate that can be 

utilized by microorganisms (Gilmour et al 1985) and factors such as species and 

age of substrate could be expected to affect this avaiJability. 
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It has been shown that the vegetation present on a given site influences the 

availability and cycling of the nutrients. The specific influence of vegetation, in 

isolation from other factors such as climate, soil, time and topography (Jenny 

1980, Van Cleve et al 1991) is difficult to assess as similar vegetation is found at 

other places. The studies in old growth forests revealed that N-mineralization and 

nitrification are species specific (Alban 1969 and Turner et al 1993). They showed 

that nitrification and nitrate concentration in soil differed due to tree species 

growing on it indicating species-specific effect on ammonium and nitrate 

production and uptake within the forest type. 

Sacred forests 

The sacred forests or sacred groves have been reported from many parts of 

Africa, Asia, Europe and Australia (cf. Ramakrishnan et al 1998). These are plant 

communities that pave persisted through ages depending upon the history, 

traditional beliefs and culture of the tribes. The size of the sacred grove may vary 

from a single tree, to forest patches of varied size, or the entire landscape. 

In India sacred forests are found in the states of Bihar, Karnataka, Kerela, 

Madhya Pradesh, Maharastra, Meghalaya, Orissia and Rajasthan. Gadgil and 

Vartak (1976) have classified the sacred groves of India into four important 

regions, they are the Western Ghats, Aravalli Hills, Central India and Khasi and 

laintia Hills of the north-east India. Chandrashekara and Sankar (1998) reported 

that the sacred grove covers an area of 0.05% of the total forest area and harbours 
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about 20% of the total flowering plants of the Kerela state. Sinha and Maikhuri 

(1998) reported seven sacred groves from Garhwal Himalaya. 

Seventy-nine sacred groves have been reported in the state of Meghalaya by 

Tiwari et al (1999). Their size vary from 0.1 ha to more than 100 ha. These are 

rich in floral and faunal diversity and have attracted the attention of many earlier 

botanists such as Hooker (1854), Brandis (1897), Kanjilal et al (1934), Hajra 

(1975) who were interested in enumerating the flora of the region. Ecological 

studies on the sacred groves of the state are confined to the Khasi hills. Khiewtam 

and Ramakrishnan (1993) studied the ecosystem function of the sacred grove at 

Cherrapunjee. Barik et al (1992), Rao et al (1997) have studied community 

characteristics, microenvironmental variability in gaps and understory and natural 

regeneration of trees in the Mawphlang sacred groves of Meghalaya. Recently, 

Jamir (2000) has prepared an inventory of plants from three sacred groves in 

lowai and studied the population behaviour of dominant tree species. 

The literature reviewed in the foregoing pages clearly indicates that plant 

diversity studies in the sacred groves of northeast India are limited. The present 

study was undertaken to assess the plant diversity status of the two well preserved 

sacred groves in Jaintia hills of Meghalaya, hither to unexplored from this point of 

view. The effect of biodiversity on ecosystem processes is a subject of great 

interest that has attracted the attention of a large number of ecologists. Most of the 

studies conducted so far are from the grasslands and small plants grown in 
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different combinations. To assess the impact of diversity on ecosystem processes 

in forest communities is a ditTIcult task. Therefore an attempt has been made to 

study how disturbance induced the change in plant diversity and other community 

parameters may affect certain ecosystem processes like microbial biomass-C 

dynamics and N-mineralization in the sacred groves. 
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CHAPTER III 

STUDY SITE AND METHODOLOGY 

Study Sites 

The study was conducted at Ialong and Raliang sacred groves in Jaintia 

hills district of Meghalaya in northeast India. The Ialong sacred grove is located 

about 8 kIn east (latitude 25° 28' N, longitude 92° 16' E, altitude 1350m asl), and 

the Raliang sacred grove (latitude 25° 30' N and longitude 92° 28'E, altitude of 

1300m asl) is located 28 km of the Jowai town the headquarter of Jaintia hills 

district (Mapl). The Ialong and Raliang sacred groves are called 'Khloo blai' 

(religious Jorest) and 'Khloo Lyngdoh or Khloo Poh Lyngdoh' (forest taken care 

by the Lyngdoh or preist) respectively. These groves are well protected for a long 

time on account of the strong religious beliefs of the Jaintia tribe and represent the 

climax vegetation of the area. A portion of each of the two sacred groves covering 

an area of 20 and 30 ha is well protected while another portion (30-40 ha) was 

open for the people residing in nearby village to meet timber and fuel wood 

requirements. Grazing is allowed in the periphery of the disturbed part of the 

sacred groves where herbaceous growth is burnt annually during the winter 

season. However, the intensity of disturbance and fire is not enough to cause 
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serIOUS damage to the forest, which appears quite dense due to abundant tree 

regrowth (Photographs 1 and 2). 

Geology 

laintia hills are the oldest part of a chain of hills fonning the southern 

boundary of Brahmaputra valley. The plateau of laintia hills are predominantly 

composed or metmnorphic rocks consisting or a thick series of quurtizitcs and 

schists with intrusions of granites, laterites and perodites and embedded bands of 

argillites. The southern and southeastern regions are composed of laintia series, 

consisting of Pre-Tertiary and Tertiary rocks of limestones lying almost 

horizontally. The northern part is composed of Cretaceous rocks. A large part of 

the laintia hills is characterized by presence of hard sandstone, soft loose sands, 

hard conglomerates, sandstones, sandy shales and sandy clays (Ahmad 1993). 

Climate 

The climate of the area is monsoonic with alternate wet and dry seasons. 

The wet period extends from April to October followed by a dry period from 

November to March. During wet seasons monthly rainfall ranged from a 

maximum of 1854mm in lune 2000 to a minimum of 229mm in April 2000. 

During the dry period rainfall is low. The annual rainfall was 6456mm during 

2000. Relative humidity exhibited marked seasonal variation with a peak during 

June-July and a through faJ] in January-February and was closely related to the 

rainfall pattern. The mean monthly temperature varied from a maximum of 26°C 

in June -July 2000 to a minimum of 5°C in January 2000 (Fig. 3.1). 
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Photographs 1. A view of undisturbed stands of Ialong (A) and Raliang (B) 

sacred groves in Jaintia hills of Meghalaya 
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Photographs 2. A view of mildly disturbed stands of Ialong (A) and Raliang 

(B) sacred groves in Jaintia hills of Meghalaya 
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Soil 

Texture 

The texture of the upper soil layer (O-IOcm) varied from loamy sand to 

sandy loam while that of the sub soil layer (l0-20cm) it was loamy sand in 

undisturbed stand (lsg) and mildly disturbed stand (lmd) of Ialong and loamy and 

sandy loam in the undisturbed stand (Rsg) and mildly disturbed stand (Rmd) of 

Raliang respectively (Table 3.1). 

Soil moisture content 

The soil moisture content varied significantly (P< 0.01) between the sites, 

soil depths and seasons. In all four stands the surface layer (0-10cm) had higher 

moisture content than the subsurface soil layer (1 0-20cm). Seasonal fluctuation in .. 
moisture content was very prominent; the values were high during the warm-wet 

season and low during the dry-cold season. The soil in undisturbed stand of both 

the sacred groves had higher moisture content than the mildly disturbed stand (Fig. 

3.2). 

Soil temperature. 

The soil temperature varied significantly (P< 0.01) between sites, months 

and depths. It was high during June-July and low during January and February at 

all sites. The temperature was slightly high in the surface layer (0-10cm) then the 

subsurface soil layer (1 0-20cm) and in the mildly disturbed stand than the 

undisturbed stand both at Ialong and Raliang (Fig. 3. 3) 

32 



Table 3.1. Soil texture at the study sites. 

Forelt Depths Sand Slit Clay Textural class 
stand 

(em) (%) (%) (%) 

Isg 0-10 84.36 11.09 4.55 Loamy sand 

± 0.02 ± 0.05 ±0.05 

10-20 81.36 11.59 7.02 Loamy sand 

± 0.71 ± 0.71 ± 0.00 

Rsg 0-10 58.7h 24.79 16.45 Sundy loum 

± 0.72 ± 0.90 ±0.92 

10-20 37.52 35.76 26.72 Loamy 

± 1.01 ± 0.71 ± 0.71 

Imd 0-10 84.38 11.08 4.54 Loamy sand 

± 1.59 ±1.59 ±O.OO 

1O-20 77.64 14.37 7.98 Loamy sand 

±0.89 ± 1.79 ± 0.90 

Rmd 0-10 81.19 12.73 6.07 Loamy sand 

I 1.22 I 1.09 I (U~8 

10-20 73.19 13.64 13.17 Sandy loam 

± 0.86 ± 1.79 ± 1.19 
----_._-------~- .---._------------

(± SEM. n=3). 
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pH 

The soils were acidic in nature and the mean value ranged from a minimum 

of 4.80 (Rsg) to a maximum of 5.25 (Imd). The pH exhibited a marked seasonal 

change (significant at P < 0.01) in all four stands. The pH showed a sharp decline 

during rainy scason f()lIowed by a steep rise during winter season. The surface soil 

was Icss acidic than thc subsurf11cc laycr (Fig. 3.4). 

Soil organic carbon (SOC) 

Soil organic carbon (SOC) content showed significant (P<O.Ol) difference 

between sites and depths. In the surface soil layer (0-1 Ocm) the difference between 

sites was significant (P<O.O 1) but the variation between seasons was not 

significant. SOC was generally low during rainy season and high during autumn. 

The undisturbed stands had higher SOC than the mildly disturbed stand in both the 

sacred groves Cfable 3. 2). 

Total Kjeldahl Nitrogen (TKN) 

Seasonal variation in TKN was not marked, but the difference between soil 

depths and sites was distinct. The surface layer (0-10em) had higher TKN 

concentration than the sub surface layer (1 0-20cm). Similarly the undisturbed 

stands of both the sacred groves soils had higher TKN concentration than the 

mildly disturbed stands Crable 3. 3). 

Available soil Phosphorous 

The concentration of available soil-P varied significantly (P< 0.01) between 

sites, depths and seasons. In all the stands the concentration was high during rainy 
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Table 3.2. Seasonal variation in soil organic carbon (%) content at the study sites. 

Forest Depths R A W S Mean R A W S Meal 

stands (crn) 

Isg 0-10 4.58 ± 4.99± 4.94± 4.90± 4.85 4.58 ± 5.05 ± 5.03 ± 4.95± 4.90 

0.037 0.036 0.072 0.01 0.036 0.052 0.006 0.01 

10-20 4.26± 4.29± 4.26± 4.42± 4.30 4.16± 4.49± 4.36± 4.39 ± 4.35 

0.046 0.04 0.027 0.05 0.026 0.07 0.014 0.01 

Rsg o-to 4.56 ± 5.01 ± 4.88 ± 5.06± 4.88 4.64± 5.02± 5.11 ± 5.03 ± 4.95 

0.065 0.076 0.08 0.017 0.088 0.064 0.02 0.04 

10-20 4.14 ± 4.21 ± 4.28± 4.56± 4.30 4.16 ± 4.18 ± 4.49± 4.35± 4.30 

0.016 0.06 0.03 0.006 0.049 0.05 0.05 0.01 

lmd 0-10 4.03 ± 4.19 ± 4.1l± 4.22± 4.14 4.73 ± 4.28± 4.25 ± 4.22± 4.37 

0.068 0.024 0.01 0.02 0.023 0.017 0.014 0.02 

10-20 3.14 ± 3.48± 3.18 ± 3.73 ± 3.38 3.1 ± 3.69± 3.62 ± 3.46 ± 3.47 

0.032 0.08 0.04 0.006 0.04 0.046 0.02 0.031 

Rmd 0-10 4.14 ± 4.37 ± 4.09 ± 4.17 ± 4.19 4.16 ± 4.71 ± 4.35± 4.24± 4.37 

0.013 0.04 0.017 0.036 0.049 0.016 0.01 0.028 

10-20 2.98 ± 3.91± 3.22± 2.87± 3.24 3.03± 4.06± 3.82± 3.72± 3.66 

0.06 0.01 0.075 0.042 0.066 0.01 0.14 0.26 

(± SEM. n=3) 
R- rainy (June. July and Aug.) 
A- autumn (Sept., Oct. and Nov.) 
w- winter (Dec., Jan. and Feb.) 
S- spring (Mar., Apr. and May). 



Table 3. 3. Seasonal variation in TKN (% )content of the soil at the study sites. 

Forest Depths R A W S Mean R A W S Mean 

stands (em) 

Isg 0-10 0.46± 0.45± 0.43± 0.46± 0.45 0.48± 0.47± 0.42± 0.42± 0.45 

0.003 0.005 0.003 0.008 0.01 0.017 0.005 0.003 

10-20 0.31± 0.31± 0.37± 0.38± 0.34 0.34± 0.35± 0.3S± 0.3S± 0.36 

0.003 0.003 0.006 0.005 0.011 0.012 0.006 0.17 

Rsg 0-10 0.48± 0.46 0.43± 0.43± 0.45 0.51± 0.54± 0.43± 0.44± 0.48 

0.005 ±o 0.003 0 0.017 0.023 0.006 0.01 

10-20 0.38± 0.33± 0.3S± 0.40± 0.37 0.38± 0.48± 0.40± 0.39± 0.41 

0.003 0.003 0.006 0.008 0.026 0.003 0.006 0.006 

Imd 0-10 0.34± 0.36± 0.38± O.3S± 0.37 0.37± 0.3S± O.3S± 0.37± 0.38 

0.006 0.012 0.005 0.005 0.003 0.012 0.01 0.013 

10-20 0.2S± 0.30± 0.3l± 0.32± 0.30 0.30± 0.34± 0.32± 0.30± 0.32 

0.003 0.003 0.005 0.01 0.01 O.OOS 0.006 0.012 

Rmd 0-10 0.31± 0.42± 0.36± 0.36± 0.36 0.36± 0.40± 0.38± 0.38± 0.38 

0.003 0.005 0.003 0.005 0.011 0.008 0.012 0.005 

10-20 0.29± 0.27± 0.29± 0.32± 0.29 0.29± 0.35± 0.30± 0.29± 0.31 

0.003 0.005 0.008 0.005 0.01 0.008 0.005 0.014 
------

(± SEM, n=3) 
R- rainy (June, July and Aug.) 
A- autumn (Sept., Oct. and Nov.) 
W- winter (Dec., Jan. and Feb.) 
S- spring (Mar., Apr. and May). 



Table 3.4. Seasonal variations in available phosphorous (f.1g g-l) content of the soil 
in the study site. 

Forest Depths R A W S Mean R A W S Mean 

stands (em) 

Isg O-to 16.13 13.73 10.6 11.46 12.98 18.4 17.26 12.4 13.34 15.35 

±0.13 ±0.93 ±0.8 ±0.73 ±1.03 ±0.27 ±0.2 ±1.13 

10-20 12.4 9.26 8.06 8.8 9.63 15.86 14.67 9.26 10.66 12.61 

±0.2 ±0.26 ±0.33 ±0.2 ±0.27 ±0.94 ±0.26 ±0.77 

Rsg O-to 17.53 19.53 13.53 9.26 14.96 21.2 20.8 15.86 13.73 17.89 

±0.27 ±0.86 ±1.04 ±0.26 ±0.20 ±0.20 ±0.26 ±1.87 

10-20 16.0 16.13 9.26 7.86 12.31 17.53 16.6 10.33 8.80 13.31 

±0.23 ±0.13 ±0.26 ±0.26 ±0.23 ±0.20 ±0.96 ±0.20 

Imd 0-10 12.4 12.4 8.6 9.53 10.73 15.8 15.73 10.66 14.8 14.24 

±0.2 ±0.2 ±0.2 ±0.26 ±0.13 ±0.13 ±0.77 ±1.01 

10-20 9.26 9.53 6.73 8.13 8.41 10.73 9.53 8.6 0 11.46 10.08 

±0.26 ±0.26 ±0.86 ±0.26 ±0.73 ±0.26 ±0.2 ±0.73 

Rmd O-to 13.46 14.67 9.53 9.26 11.73 15.73 14.66 to.6 11.4 13.09 

±1.09 ±0.93 ±0.26 ±0.26 ±0.13 ±0.93 ±0.80 ±0.80 

10-20 9.26 9.26 7.86 8.13 8.63 10.53 10.6 8.6 8.13 9.46 

±0.26 ±0.26 ±0.26 ±0.27 ±0.73 ±0.8 ±0.2 ±0.27 

(± SEM, n=3) 
R- rainy (June, July and Aug.) 
A- autumn (Sept., Oct. and Nov.) 
W- winter (Dec., Jan. and Feb.) 
S- spring (Mar., Apr. and May). 



season and low during winter. The surface layer had higher concentration than the 

subsurface layer. Soils in the undisturbed sacred grove stands had higher available 

phosphorous than the disturbed stands (Table 3.4). 

Litter quality 

The litter quality of dominant tree species, which is known to have an 

adverse affect on nutrient cycling. declined in the mildly disturbed stands of both 

the sacred groves (Table 3.5). 

Table 3.5. Litter quality of dominant tree species at the study sites. 

Stands N (%) P(%) K(%) 

Isg 1.99 ± 0.03 0.07 ± 0.001 1.75 ± 0.01 

Imd 1.49 ± 0.02 0.05 ± 0.001 1.27 ± 0.06 

Rsg 1.73 ± 0.02 0.07 ± 0.002 1.38 ± 0.01 

Rmd 1.51 ± 0.05 0.06 ± 0.003 1.07 ± 0.01 

±SEM (n=3) 

Vegetation 

According to Champion and Seth (1968) the climax vegetation of the area 

can be grouped under subtropical wet hill forest. This broad categorization 

however, sometimes appears to be inadequate in dealing with the plant 

communities in small area because of variation in local environment and botanical 

composition. Balakrishnan (1981-83) divided the vegetation of Jaintia hills into 

two broad categories and four vegetation zones on the basis of altitude and annual 

rainfall respectively. 
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i) Tropical evergreen zone (altitude lOO-1200m, annual rainfall 300-500cm): 

The forests in this zone are characterised by the presence of species like 

Termillalia bel/irica, Gynocardia odorata, Elaeocarpus rugosus, 

Castanopsis armata, Spondias pinnata, Ficus racemosa, etc. 

ii) Tropical semievergreen zone (altitude 100-1200m, rainfall 150-300cm): 

The dominant species in this zone includes ElaeocGllJuS jloribundus, 

Dillenia spp, Lithocarpus !enesfrata, Micromelum integerrimum, Garcinia 

lancifolia, etc. 

iii) Subtropical evergreen zone (altitude 1200-1800m, rainfall 300-500cm): 

The dominant tree species in this zone are Castanopsis trib ulo ides, 

Lithocarpus elagans, Engelhardtia spicata, Ficus elastica, Mangletia 

insigllis. Evodia trichotoma etc. 

iv) Subtropical semievergreen zone (altitude 1200-1800m, rainfall 150-300 

cm): Predominant tree species in the forest of this zone are Castanopsis 

indica, Elaeocarplls jloribunda, Albizzia chinensis, Ficus altissima, 

Pyrularia edulies, Dyconia indica etc. 

Since majority of the tree species in the canopy and subcanopy layers at 

Ialong and Raliang are evergreen, the vegetation of the sacred groves may be 

termed as sUbtropical evergreen forest. The common evergreen trees found in the 

sacred groves are Cillnam011111111 glandultferum. Neolitsea cassia, Persea 

odoratissima. 5.,vzygi1l11l tetragonum, etc. The deciduous elements included 

Engelhardia spicata. AceI' laevigatum, Ficus spp., Spondias axallaries, Mangletia 
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sp., Dyconia indica etc. The shrub layer was quite thick and composed of 

Boehmeria platyphylla, Brynea retusa, Erythroxylon kunthianum, Gonionthalamus 

sesquipedalis, Psycho/ria spp., Ardisia griffi/hii, Sarcandra glabra, etc. The 

ground vegetation is dominated by Impatiens spp., Polygonum spp., Ophiopogon 

sp., Glabba clarkei, Hedychium spp., Costas specious etc. Ferns and Selaginellas 

are common on the f()rest floor. The tree trunks and branches are covered with 

profuse growth of mosses, ferns and epiphytes. Woody climbers and twiners are 

abundant. In the community forests of both the groves invasive weeds like 

Lantana camera, Artimesia sp. and Eupatorium sp. were also present. 

Methodology 

Soil analysis 

Soil samples were collected from two depths (0-10cm and 10-20cm) at ten 

randomly located points in each of the four stands at monthly and seasonal 

intervals using an iron soil corer (6.5cm diameter and 30cm height). The samples 

were mixed for each depth and site separately to obtain a composite sample. Soil 

texture was detennined by hydrometer method (Kanwar and Chopra 1967). Soil 

moisture content was detennined gravimetrically by taking 109 of fresh unsieved 

soil and the result expressed on oven-dry weight basis. pH was detennined by a 

digital pH meter taking I :2.5 suspension of soil and distilled water (Anderson and 

Ingram 1993). Carbon by rapid titration method (Walkley and Black 1934). Total 

Kjeldahl Nitrogen (TKN) was analysed by Semi-micro kjeldahl digestion method 

and available Phosphorus by Molybdenum Blue method (Allen et al 1974). 
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Plant diversity inventory 

For plant diversity studies extensive survey was carried out in the two 

sacred groves during June 1999-June 2001. Specimens were collected and 

identified with the help of Flora of Jowai (Balakrishnan 1981-1983), Forest flora 

of Meghalaya (Haridasan and Rao 1985-1987), Flora of Assam (Kanjilal et al 

1934-1940), Flora of Nongpoh and its vicinity (Joseph 1982) and flora of British 

India (Hooker 1872-1897). Wherever necessary, the herbaria at Botany 

Department, NEHU and Botanical Survey of India, North-Eastern Circle, Shillong 

were consulted for correct identification of the specimens. List of endangered, rare 

and endemic plants was prepared using available literature (Deb 1958, 

Balakrishnan 1981-83, Rao and Haridasan 1983, Das and Deori 1983, Haridasan 

and Rao 1985-1987, Kumar 1991, Samant et al 1998, Khan et al 1997, Kataki 

1983, Chauhan 1983). The nomenclature of the species follows the regional flora. 

Community studies 

Structural analysis of pant community was carried out on the basis of the 

following measures: 

. Species richness and floristic similarity 

Total number of species recorded in the undisturbed and disturbed stands of 

the groves was taken as species richness. 

floristic similarity between the stands was studied by computing 

Sorensen's index of similarity (Sorensen 1948) = 2cl a+b x 100 
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Where, a = Number of species at site a 

b = Number of species at site b 

c = Number of species common to stand a and stand b. 

Frequency, density, abundance, basal cover and IVI 

A total of 50 quadrats of 10m x 10m size were randomly laid in both the 

stands of Ialong and Raliang sacred groves for woody species (:::: 5 cm dbh). For 

the study of shrubs and herbs 30 quadrats each of 5m x 5m and 1m x 1m size were 

laid. Frequency, density, basal cover, abundance and importance value Index (IVI) 

of the species were calculated according to Misra (1968) and Muller-Dombois and 

Ellengberg (1974). 

Frequency (%) = Number of quadrats of occurance of a species x 100 
Number of quadrats studied "-

Density = Total number of individuals of a species 
Total number of quadrats studied 

Basal Cover (m2 ha- I
) = Density x Average tree basal area. 

Abundance = Number of individuals of a species 
Number of quadrats of occurance of the species. 

IVI= Relative frequency + Relative density + Relative basal area (for trees). 

IVI= Relative frequency + Relative density (for shrubs and herbs) 

Whitford's index (Whitford 1948) was used to study the horizontal distribution 

pattern of species in the community 
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Whitford's index = Abundance / Frequency 

NF ratio = <0.025 (Regular distribution) 

0.025 - 0.05 

>0.05 

Species diversity and dominance 

(Random distribution) 

(Clumped distribution) 

Simpson index or dominance (IJ) (Simpson 1949) was calculated as 

0= L (nilN)2 

Where, ni = number of individuals of ith species. 

N = total number of individuals of all the species. 

Shannon and Wiener index of diversity (Shannon and Wiener 1963) was 

calculated using proportional number of species. 

Ie = - L pi In pi 

Where. pi = proportion number of ith species in the number of all the 

specIes. 

Microbial biomass carbon (MBC) 

MBC was detennined in soils of all four stands during one annual cycle 

from June 2000 to May 200 I. Soils samples were collected from two soil depths 

(0-10cm and 10-20cm) at monthly interval. The data were then pooled together to 

present seasonally. At each sampling date ten samples were collected using soil 

corer (6.5cm diameter and 30cm height) for each of the four stands. The samples 

were sealed in polythene bags in field and brought to laboratory. They were 

bulked depth wise to obtain composite samples for each site. They were sieved 
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through 2mm-mesh screen to remove stones, roots and plant debris and used in 

field moist condition for the determination of microbial biomass carbon. 

MBC was detemlined by chloroform extraction method (Vance et aI1987). 

Six sub samples of 109 ± 0.01 each were drawn from each composite samples, 

three of them was fumigated by saturating with 10-ml (alcohol tree) liquid 

chloroform and kept for 24 hours. Aftcr fumigation, chloroform was removed 

from the samples by evaporation. Both fumigated and non-fumigated samples 

were then extracted with 50ml of 0.5 M K2S04 by shaking for 30 minutes. The 

extracts were filtered through Whatman filter paper No. 42. The filtrates of 

fumigated and non-fumigated soils collected were used for determination of 

microbial biomass carbon. 

The organic C in the extracts of fumigated and non-fumigated soil samples 

was determined by digesting 4ml filtered extract with 0.00667 M K2Cr207 (lml) 

and 5ml of H2S04 (98% acid) for 30 minutes. The digested sample was titrated 

with acidified ferrous ammonium sulphate solution using 0.3ml (3-4 drops) of 

indicator (O-phenolpthaline monohydrate and ferrous sulphate hexahydrate). The 

MBC was calculated according to (Vance et al 1987) 

MBC =2.64 Ec 

Where, Ec is the difference between the amount of organic C extracted from the 

K2S04 extract of fumigated and non-fumigated soils, both expressed as J.lg C g-' 

dry soil, and 2.64 is the relationship between biomass C as measured by 
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fumigation incubation method and amount of C extracted by 0.5 M K2S04 after 

chlorofonn treatment. 

Nitrogen mineralization 

Nitrogen mineralization was studied in situ on monthly basis during one 

annual cycle from June 2000 to May 2001 using buried bags technique (Eno 

19(0). At each slJIllpling date soils were collected from two soil depths (0-10em, 

10-20cm) using a steel corer (6.5cm diameter) at five randomly located points in 

each of the four stands. At each sampling point two samples were drawn from 

each depth. One of the pair was sealed into sterilized polyethylene bags after 

removing roots and larger organic debris, and inserted in to its respective depth. 

The other pair was brought to the laboratory. bulked depth wise and sieved 

through a 2mm mesh screen. Initial moisture content (SMC) and NH4 + -N and 

NO) --N concentration was detennined within 24 hours following the method 

outlined by Allen et at (1974). The buried bags were retrieved after one month and 

soil samples were analysed for final NH/-N and NO)--N concentrations. 

Ammonification and nitrification rates were calculated based on the changes in 

ammonium and nitrate N concentratioils hy suhtracting the initial concentration 

from their respective final concentration. Net nitrogen mineralization was 

calculated as the sum of changes in the extractable ammonium- Nand nitrate- N 

over one 1110nth period. 
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Statistical analysis 

The field and laboratory data were statistically analysed using two, three 

way ANOV A (fixed model effect) in order to acertain the effect of season, soil 

depth and stands on MBC, ammonification and net mineralization. Relationships 

between community parameters and environmental variables and soil processes 

were studied by computing correlation coeffection and linear regression equation 

wherever necessary following Zar (1974). 
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CHAPTER IV 

PLANT DIVERSITY IN THE SACRED GROVES 

In-depth study of plant biodiversity status of sacred groves in India is scanty. 

Chandrashekara and Sankar (1998) reported that 18% of the total species of Ollur 

Kavu, S.N.Puram Kavu and Iringole Kavu sacred groves of Kerela are endemic. 

Swamy et at (1998) recorded 54 woody species in seven sacred groves of Tamilnadu. 

Ecological studies in the sacred groves of Meghalaya have been carried out by Bhooj 

and Ramakrishnan (1981), Barik et at (1992), Khiewtam and Ramakrishnan (1993), 

Rao et at (1997) and Jamir (2000). The most extensively studied sacred grove in 

Meghalaya is located at Mawphlang in the East Khasi hills district of the state. It 

harbours 392 vascular plants including pteridophytes (Hajra 1975). Floristic survey of 

56 sacred groves of the state was carried by Tiwari et al (1999). The study 

documented 514 species representing 340 genera and 131 families, including 50 rare 

and endangered species from these groves. Khan et at (1997) reported that out of an 

estimated 1236 endemic species in the state 90 are restricted to the sacred groves. In 

the Jaintia hills, the groves are relatively well protected and represent the climax 

vegetation of the area in almost intact state. Recently, Jamir (2000) has reported 395 

vascular plants that include 51 endemic and 31 rare species from the three sacred 

groves of Jaintia hills near Jowai town. 
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In the present study besides enumerating plant diversity of the Ialong and 

Raliang sacred groves, attempt has been made to evaluate the impact of anthropogenic 

disturbance on the floristic diversity by studying their mildly disturbed stands, which 

is used by nearby villagers for the collection of fuel wood and cattle grazing. Apart 

from this biotic interference there is annual burning in the periphery of the community 

forest for new shoots to develop for grazing by cattle. 

Results and Discussion 

Floristic composition 

A total of 410 (5 unidentified) flowering plants were recorded in Ialong and 

Raliang sacred groves (Table 4.1). This is about 27% and 13% respectively of the 

total flowering plants reported from Jaintia hills (Balakrishnan 1981-1983) and 

Meghalaya (Khan et af 1997). Three gymnospenns namely, Pinus kesiya, Gnetum 

mon/anum and Podoca'1Jlls neriifolia and twenty-four pteridophytes including 

Cyathea sp. were also recorded in the present study. The floristic composition showed 

affinity with the flora of peninsular India on the one hand, and provided evidence of 

discontinuous distribution of taxa like Eurya japonica, Helicia nilagirica, Munronia 

pinnata, Scheffiera wallichiana etc, on the other (Table 4.2). There were several 

tropical, temperate, Sino-Himalayan, Burma-Malaysian, Malayan and to a lesser 

extent peninsular Indian elements in the groves. 

Besides, there were taxa belonging to pritimive families like Annonaceae, 

Ranunculaceae, Piperaceae, Menispennaceae, Caryophyllaceae, Lauraceae, 
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Table 4.1. Plant diversity in the two sacred groves of Jaintia hills, Meghalaya (The 
species are arranged in alphabetic order) 

I. Trees (>8m height) 

SI. Name of species Family Ialong Raliang 
No Sg Md Sg Md 
I Acer/aevigatum Wall. Aceraceae + + + + 
2 Acer oblongum Wall. Aceraceae + + 
3 AClinodaphne obovala (Nees) BI. Lauraceae + + 
4 Aillngillm chinense (Lour.) Harms Coronaceae + + + + 
5 Albizia chinensis (Osb.) Merr. Mimosaceae + 
6 A/seodaplme petio/aris Hk.f. Lauraceae -t + + 
7 Al1lidesma buniu!! (L.) Spreng. Euphorbiaceae + + 
8 Beilschmiedia assamica Meissn. Lauraceae + + + 
9 Beilschmiedia roxburghiana Nees Lauraceae + 
10 Belllla alnoides Buch.-Ham. ex D.Don. Betulaceae + + + + 
11 Cm:vo1a urens Linn. Arecaceae + + + 
12 Castanopsis indica (Roxb.) DC. Fagaceae + + + + 
13 Caslanopsis pwpurella (Miq.) Balak. Fagaceae + + + + 
14 CaslClllOpsis Irihllloides (Sm.) DC. Fagaceae + + + + 
15 Cil1l1a111011111111 hejolg/7ola (Buch.-Ham.) Sweet. Lauraceae + + + + 
16 Cinnam011111f11 glanduliferum (Wall.) Meissn. Lauraceae + + + 
17 Cinlla11l011lul11 giallcescens (Nees) Meissn. Lauraceae + 
18 Ci1111a11l0mIll11 lam ala Fr. Nees Lauraceae + + 
19 Cilrl/S Illlipes (Swingle) Tanaka Rutaceae + + + 
20 ("J'Ploca'~l'a jlorihunda Nees. Lauraceae + + 
21 DiosPl'ros kaki Thunb. Ebenaceae + + + + 
22 UO(l'l1ill il1dica (Wall) Decne Rosaceae + + 
23 Orimycarpus /"(1C(,IIIOSIt,\' (Roxh.) Ilk. {: Anacan.liaccac + + + 
24 Dys()xylllll1 gohara (Buch.-i lam.) Merr. Meliaceac + + 
25 ElaeoCllIl'llS lancifolills Roxb. Elaeocarpaceae + 
26 E/aeo(,llIl'lIs sikkimemis Mast. Elaeocarpaceae + + 
27 Enge/lwrdlia spicala BI. J uglandaceae + + + + 
28 Erythri11a arboresce11s Roxb. Fabaceae + + 
29 Ellrya llClIl1Iinala DC. Theaceae + + + + 
30 Evodia tricholoma (Lour.) Planch. Rutaceae + + 
31 FiclIJ altiJ.fima BI. Moraceae + + + + 
32 Ficus cOflci11lW Miq. Moraceae + + 
33 Ficlls mclelandi var. rhododendrifolia Corn. Moraceae + + 
34 Ficus ner!(olia J.E.Sm. Moraceae + + + 
35 Ficus vir ens Ait. Moraceae + + + + 
36 Ficus sp. Moraceae + 
37 Garcil1ia morella Desr. Clusiaceae + 
38 Garcinia lincloria (DC.) W.F. Wight Clusiaceae + + 
39 G{ochidion 11inceo{arilllll (Roxb.) Voight. Euphorbiaceae + + 
40 lIelicia nilagirica Bedd. Proteaceae + + + + 
41 /lex embelioicies Hook.f. Aquifoliaceae + + 



42 Knema angustifolia (Roxb.) Warb. M yristicaceae + + 
43 Lim/era lati(olia Ilk. f. Lauraceae + + + + 
44 Lim/era naclislia (D. Don.) Merr. Lauraceae + + + 
45 Lindera reticliiata Benth. Lauraceae + + 
46 Lithocarplls eiagens (BI.) Hatus ex Soep. Fagaceae + + + 
47 LitllOcarplls !enestratlls (Roxb.) Rehder. Fagaceae + + + + 
48 Lithocarplls sp Fagaceae + + + + 
49 Litsea citrata BI. Lauraceae + + 
50 Litsea semic1ll1Jij()lia (Nees) llook. f. Lauraceae + + 
51 Macarallga dellticlliata Muell.-Arg. Euphorbiaceae + + + + 
52 Macropanax dispermlls (BI) O.Ktz. Araliaceae + + + 
53 Man[{lietia insignis (Wall) BI. Magnoliaceae + + + 
54 AJl'iia lI:edllrach Linn. Meliaceae + 
55 Michelia doltsopa DC. Magnoliaceae + 
56 Myrica esclIienta Buch.-Ham. ex D.Don Myricaceae + + + + 
57 Myrsine semiserrata Wall. Myrsinaceae + + + + 
58 Neolitsea cassia (Linn) Koster. Lauraceae + + 
59 Ostodes panicliiata BI. Euphorbiaceae + + 
60 Persea bombycina (King ex Hk.f.) Koster. Lauraceae + + + + 
61 Persea dltthiei (King ex Hk.f.) Koster. Lauraceae + 
62 Persea gamblei (King ex Hk.f.) Koster. Lauraceae + 
63 Persea odoratissima (Nees) Koster. Lauraceae + + + + 
64 Persell par\'iflora (Meissn.) Haridasan et Rao Lauraceae + + + 
65 Pinus kesiya Royle. ex Gordon. Pinaceae + + + 
66 Pithecellobiltm monacielpllllm (Roxb.) Koster. Mimosaceae + + + + 
67 P(}docmplts nrrii(olia D. Don. Podocarpaceae + 
68 Pn/lll/S aClimillata (Wall.) Dietr. Rosaceae + + + 
69 Prllnlls jenkinsii Hook. f. Rosaceae + + + + 
70 Pselidostrebills indica Bureau. Moraceae + 
71 Pyrus pashia D.Don Rosaceae + 
72 Qllerclls [{r!flithii Hk.f.&Th ex DC. Fagaceae + 
73 Qllerclts serrala Thunb. Fagaceae + + 
74 Rhododendron arboreltm Sm. Ericaceae + + 
75 Rhlls acltminata DC. Anacardiaceae + + + + 
76 Rlllls Iwokerii Sahna & Bahd. /\. nacardiaceae + + 
77 Sapillcills rarak DC. Sapindaccae -. + 
78 Sarcosperma grif.lilhii Clarke Sapotaceae + + 
79 Schej)lera elata (Buch-Ham) Harms Araliaceae + + 
80 ScheOlera hypoleltca (Kurz) Harms Araliaceae + + + + 
81 Schil1la khasianll Dyer. Theaceae + + 
82 Schima wallichii (DC.) Korth Theaceae + + + + 
83 Spondias axillar is Roxb. Anacardiaceae + + + 
84 Stercltlia hamiltonii (O.Ktze.) Adelb. Sterculiaceae + 
85 <~}'=J~~iltl1l tetragonltl1l (Wt.) Kurz Myrtaceae + + + + 
86 Vacciniltl1l spirengelii (G.Don) Rehd. Vacciniaceae + + 
87 Vih/lr11/lm simonsii Uk.f. & Th. Caprifoliaceae + 



II. Small tree or large shrubs « 8m) 

I Antidesma diandrllm (Roxb) Roth Euphorbiaceae + 
2 Antidesma khasimlllm Hk.f. Euphorbiaceae + 
3 Aralia Ihomsonii Seem Araliaceae + + + 
4 Brassiopsis l{lomerulata (BI.) Regal Araliaceae + + 
5 Calophyllum pO~l'anthllm Choisy Clusiaceae + + + 
6 Camellia eaudata Wall. Theaceae + + 
7 Camellia cauduca Cl.ex Brandis Theaceae + 
8 Cap paris aculi/olia Sweet Capparaceae + + 
9 Cinnamomum pallcij/orllm Nees Lauraceae + + + 
10 Clerodendrum braeleatum Wall. ex Walp Verbenaceae + + + + 
II C(?tTea khasiana Hook.f. Rubiaceae + + + + 
12 Cmylopsis himalayana Griff. Hamamelidaceae + + + + 
13 Croton oblonglls Burm.f. Euphorbiaceae + + + 
14 (~\'lllhea .\1' Cyatheaceae + + 
15 Desmos long~flonts (Roxb.) Safford Annonaceae + 
16 E,:vthroxylll1ll kllnthianllm Wall. ex Kurz. Erythroxylaceae + + + + 
17 Ellonrmlls atlC1IIwtllS Laws. Celastraceae + + 
18 Ellonymlls lawsonii Clarke & Prain Celastraceae + 
19 Ell1ya jllponica Thunb. Theaceae + + 
20 Ell1ya ceras{folia (D. Don) Kobuski Theaceae + + 
21 Ficlls ehlleri Govt. Moraceae + + 
22 FiclIs hirta var. roxburghii (Mig.) King Moraceae + + + + 
23 Ilea Chil1Cnsis Hook.f. Iteaceae + + 
24 Itea macrophylla Wall. Iteaceae + + 
25 Ixora slIbsessilis G.Don Rubiaceae + + + + 
26 Lellcosceptrum comon Smith Lamiaceae + 
27 Ligllstrum robllstum (Roxb.) BI. Oleaceae + + + + 
28 Litsea salic(fi)lia (Roxb. ex Nees) Hk.f. Lauraceae + + 
29 Uisell seh((el"Cl Pcrs. Lauraceae + + 
30 Lindera ("(lUdala Benth. Lauraceae + + + + 
31 Lyol1ia oval(fiJlia var. ol'al(folia (Wall.) Orude Ericaceae + + + 
32 Mae.sa indica (Roxb.) Wall. Myrsinaceae + + + + 
33 Me)'na spinosa Link. Rubiaceae + + + 
34 Micromelu1Il integerrimum (Roxb.) Roem. Rutaceae + + 
35 Microlropis discolor (Wall.) Arn. Celastraceae + + 
36 Paramigl1ya micral1lha Kurz Rutaceae + + 
37 Phoebe lanceolala (Nees) Lauraceae + + + + 
38 Picrasma sp. Simaroubaceae + 
39 Pittosporum podocmpllm Gagnep. Pittosporaceae + + 
40 POI/=of=ia/i"ondosa (D.Don) O.Ktze. Urticaceae + 
41 Psel/dohrasSlliopsis hi.\pida (Seem) R.N.Ban. Araliaceae + 
42 Pvrularia edl/lis A. DC Santalaceae + + + 
43 Randia grWithii Hk.f. Rubiaceae + + + 
44 Rims jcmmica Linn. Anacardiaceae + + + 
45 Sorcococca pr//in(jimnis Lindl. Buxaceae + + + + 
46 Sa//rollio pl/nei//ana Wall. Saurauiaceae + + + 
47 Stl'l"ClX sarlilallim Roxb. Styracaceae + + + + 
48 SllTax /lOokerii CI Styracaceae + + 



49 Symplocos pyrijolia Wall. ex G.Don S ymp locaceae + + 
50 Symplocos crataegoides D.Don Symplocaceae + + + 
5\ Symplocos spicata Roxb. Symplocaceae + + + + 
52 Vibllrnllmfoetidum Wall. Caprifoliaceae + + + + 
53 Wendlandia wallichii W.& A.Prodr. Rubiaceae + + + + 
54 Zanthoxylum acanthopodillnl DC. Rutaceae + + 

III. Shrubs 

\ Aehyranthes aspera L. Amaranthaceae + + + + 
2 Ardisia grWithii Cl. Myrsinaceae + + + + 
3 Artemisia nilagiriea (Clarke) Pamp. Asteraceae + + 
4 Boehmeria platJphylla D.Don Urticaceae + + + + 
5 Boehmeria sidaefolia Wedd. Urticaceae + + + + 
6 BreYllia rell/sa (Dennst) Alst. Euphorbiaceae + + + + 
7 Bridelia sp. Euphorbiaceae + + 

.8 Brllcea mollis Wall. ex Kurz. S imaroubaceae + + 
9 Cllllicm"{Jll psiloca~\'x Clarke Verbenaceae + 
10 Callicarpa ruhella Lind!. Verbenaceae + + + + 
1 I Cassia .florihunda Cav. Fabaceae + 
12 Clerodendrum lasiocephalum Clarke Verbenaceae + + 
\3 Clerodendrllm lI'allichii Merr. Verbenaceae + + 
14 Crota/aria anagyroides HBK. Fabaceae + + 
15 Datura stramonium Linn. Solanaceae + 
16 Dcsl1Iodium/lorihundlim (D.Don) G .. Don Fabaceae + + + + 
17 VL'SI1IOc/iU111 hctc1"Ocwpon (Linn.) DC. Fnbaccac + + + + 
18 Elipatorillm adenophol"llm Spreng. Asteraceae + + 
19 Ficus c1amta Wall ex Miq. Moraceae + + + + 
20 Ficus fitlm Reinwdt Moraceae + + + 
21 Ficlls gllsl'errinimlll Miq. Moraccae + + + + 
22 F/emingia 1IIacrophylla (Willrl.) Prairl Fabaccae + + + 
23 Girardinia palmata (Forsk) Gaud. Urticaceae + 
24 Gold/il.uia g/llhratll (Nees) Balakr. Acanthaceae + 
25 Gomphostemma parl'(110r//11/ Wall. ex Benth. Lamiaceae + + + + 
26 Goniotlllliamlis sesqllipedlliis (Wall.) Hk. f.& Th. Annonaceae + + + + 
27 bill/a cappa (D. Don) DC. Prodr. Asteraceae + + 
28 La11lal1a camara Linn. Verbenaceae + + 
29 Lasianthlls lllcidlls BI. Rubiaceae + + + + 
30 Lasianthlls sikkimensis Hook.f. Rubiaceae + + + + 
31 Mahonia pycnophylla (Fedde) Takeda Berberidaceae + 
32 Melastoma nepalensis Lodd. M elastomataceae + + + 
33 Mlinronia pinnata (Wall.) Harms. Meliaceae + + 
34 MlIssaenda roxburghii Hk.f. Rubiaceae + + 
35 Neillillthyrs(tlora D.Don Rosaceae + + + 
36 l'h/ogacanthlls p"hinervi"s T.Anders. Acanthaceae + + + + 
37 Phyllanthlls sp Euphorbiaceae + 
38 Pleetrantlllls striatlls Benth. Lamiaceae + + + + 
39 I'rillsL'picr IIlitis Royle Rosaceae + + + + 
40 Psclidcranfhemlim indiclim A.M.&J.M.Cowan Acanthaceae + + 



41 Psychotria clIrv(flora Wall. Rubiaceae + + + + 
42 Psychotria erratica Hook. f. Rubiaceae + + + + 
43 Ralivo~fia c/('/1s(tlof'(l (Wall.) Benth. ex Hk.f. Apocynaceac + + + + 
44 Rhync/lOteclIm ellipticlIm (Wall ex Dietr)A.DC Gesneriaceae + + + + 
45 Rhynchotechllm vestitwn Wall. ex CI. Gesneriaceae + + + + 
46 Sarcandra glahra (Thunb.) Nakai Chloranthaceae + + + + 
47 Senecio cappa Buch.-Ham. ex D.Don Asteraceae + + + + 
48 Sic/a r/lOmh(fb/ia Linn. Malvaceae + + 
49 Smilax myrtillus DC. Smilacaceae + + 
50 Solanum aculeatissimum Jacq. Solanaceae + + + + 
51 Sympagia monadelpha (Nees) Bremek. Acanthaceae + 
52 Teucrillm qlladr((arillm Buch-Ham Lamiaceae + + + + 
53 Trill17!(etta tomentosa Bojer Tiliaceae + + + + 
54 Urena lohllta Linn. Malvaceae + + + + 

IV. Scandentshrub 

1 Alyxia/asciclllaris Benth. Apocynaceae + + 
2 Capparis sp. Capparaceae + 
3 Celastrlls stylosus Wall. Celastraceae + 
4 Emhelia .whcoriacea (Clarks) Mez. Myrsinaceae + + + 
5 Eleagl1us pyrij(Jrmis Hook. f. Eleagnaceae + + + 
6 Embelia parvijlora DC. Myrsinaceae + + 
7 Emhelia vest ita Roxb. Myrsinaceae + + + + 
8 EIIOI1YIllIlS thei(o/ills Wall. ex Laws. Celestraceae + + + + 
9 ./asminllm di.\permwn Wall. Oleaceae + + + + 
10 ./asminum lanceolaria Roxb. Oleaceae + + + 
II Jasminum nepalense Spreng. Oleaceae + + + + 
12 Lygodium fle:wosum (Linn. )Sw. Lygodiaceae + + + 
13 PO(l'gollllm mol/e D. Don Polygonaceae + + + + 
14 PO(IXOlllll11 pCI/i)liatll/11 Linn. Polygonaceae + + + 
15 Rulms alee(f;)lius Poir. Rosaceae + + + + 
16 Ruhus assamensis Focke Rosaceae + + + + 
17 Rllhm c/lipticIIs Smith Rosaceae + + + + 
18 Ruhus khasial1us Cordal. Rosaceae + + + + 
19 Smilax aspera L. Smilacaceae + + + + 
20 Smilax lancei%lia Roxb. Smilacaceae + + + + 
21 Smilax peljatiata Lour. Smilacaceae + + + 
22 Toddalia asiatica (Linn.) Lamk. Rutaceae + + + + 
23 Tlipidanthlis ca(l'Ptratus Hk. f. & Th. Araliaceae + + + 
24 Zanthoxylum oXJ'Phyllum Edgew. Rutaceae + + + + 

V. Climbers 

I Acacia pC'I1l1ata (Linn.) W iIId. M irnosaccae + + + 
2 Cayratia japol1ica (Thunb.) Gagnep. Vitaceae + + + + 
3 Cissampeios pareira Linn. Menispermaceae + + 
4 Cis.ms rep ells Lamk. Vitaceae + + 
5 Clematis hllc/lll11ialla DC. Rananculaceae + + + 



6 (vclea bicristata (Griff.) Diels. Menispermaceae + + + + 
7 Dioscorea blllb(fera Linn. Dioscoreaceae + + + + 
8 Dioscorea ka11loonesis Kunth Dioscoreaceae + + + + 
9 Entada phaseoloides (Linn.) Merr. Mimosaceae + + 
10 Fissistigma verrucosum (Hk.f&Th) Merr. Annonaceae + + + 

" Gnetllm 11I0ntanll11l Mg.F. Gnetaceae + + 
12 Hedera nepalensis K.Koch. Araliaceae + + + + 
13 I {el~vot is seandens D. Don Rubiaceae + + + + 
14 Heterostemma alatllln Wt. Asclepiadaceae + + 
15 Hodgsonia macrocarpa (BI.) Cogn .. Cucurbitaceae + + + + 
16 Holboellia latifolia Wall. Lardizabalaceae + 
17 Me/odinus klrasianus Hk.f. Apocynaceae + + 
18 Ml'iodil1l1s monog.l'"l1s Roxb. Apocynaceae + + + 
19 Millettill cinerea Senth. Fabaceae + + 
20 Paederia foetida Linn. Rubiaceae + + + + 
21 Passiflora edulies Sims. Passifloraceae + + + 
22 Pass if lora nepalellsis Wall. Passifloraceae + + + + 
23 Pass(flora stipulata Aubl. Passifloraceae + 
24 Pericampyills glaueus (Lamk.) Merr. Menispermaceae + + + + 
25 Piper gr~fJilhii C.DC Piperaceae + + + 
26 Piper melleslla D.Don Piperaceae + + + + 
27 Piper peepllioides Roxb. Piperaceae + + + 
28 ROllrea mi1/or (Gaert.) Leenh. Connaraceae + + + + 
29 Rubia cordifolia Linn. Rubiaceae + + 
30 SImteria vestita W. & A. Fabaceae + + + 
31 Stephania glandulifera Miers. Menispermaceae + + + + 
32 TetrastiWl1a leucos/aphyillm (Dennst.) BaJakr. Vitaceae + + 
33 Tl'Irasligml1 S(',.,."llIllIm (Roxh. )planeh. Vitaceae + 
34 Trichoscllllhes brae/mill (Lamk.) Voigt. Cucurhitaccae + 
35 Tricosllnlhes himalensis Clarke Cucurbitaceae + + 
36 Tric//Oscllllhes lI'Clllichimlll (Ser) Wt. Cucurbitaceae + 
37 Vilis heynellllll Roel11. & Schult. Vitaceae + + 

VI. Epiphytes 

I Aerides multiflora Roxb. Orchidaceae + 
2 Aesehynanthes parasitiells (Roxb.) Wall Gesneriaceae + + 
3 Aesehynantlres sikkime1/sis (Clarke) Stapf. Gesneriaceae + + + + 
4 Aesehynanlhes .mperba Clarke Gesneriaceae + 
5 Agapeles aurieulala Hk. f. Vacciniaceae + + 
6 Agllpetes variegata (Roxb) G.Don Vacciniaceae + + + + 
7 Agrostaphyllllm hrevipes King & Pantl. Orchidaceae + + + + 
8 Asplellium phyllitides D.Don AspJeniaceae + + + + 
9 Blllbophy/lllm afJine Lindl. Orchidaceae + 
10 Bulhophylluf1l g,.(tJithii (Lind!.) Reichb. f. Orchidaceae + 
II /Ju1hol'''.1'l/um g.1'mI101'".f Ilk. f. Orchidaceae + + + + 
12 Coelogyne stricta (Don) schltr. Orchidaceae + + + 
13 CoelOR)'11C Sllllvco/ens (Lindl.) Ilk. f. Orchidaceae + 
14 CryptochUIIs sClIlgllillCCl Wall. Orchidaceae + 
15 CrJPsinlls haslala (Thunb) Copel. Polypodiaceae + + + + 



16 (»1I1bidiltnl sp. Orchidaceae + 
17 Dendrobill1l1 cI"ysol1tlllll/l Lindt.. Orchidaceae + + + 
18 Dendrohium de von ian 11m Paxt. Orchidaceae + + + + 
19 Dendrobill1l1 nobile Lind!. Orchidaceae + + + 
20 Dendrobillm ochreacellnl Lind!. Orchidaceae + 
21 Dendrohill11l williamsonii Day & Reichb. f. Orchidaceae + + + 
22 £1IonY11l1ls jNgidlis Wall. Celastraceae + 
23 Helixanthera ligustrina (Wall.) Danser Loranthaceae + 
24 Hoya lallceoloto Wall. Asc lepiadaceae + 
25 Hoya p/ll"\'(llora Wight. Asclepiadaceae + + 
26 Hoya sp. Asclepiadaceae + 
27 Lepido~rammitis rostrafo (Hook.) Ching Polypodiaceae + + + + 
28 LOl"ll11tl1lls lII11hell((cr Schult. Loranthaceae + 
29 Lltisia illcollspicua (lIk.C> King & Prant!. Orchidaccae + + 
30 L1Iisia psyche Reichb. Orchidaceae + + + + 
31 Lycopodillm sefacell1l1 Buch.-Ham. Lycopodiaceae + 
32 Lysio110fus serrattls D. Don Gesneriaceae + + 
33 Micro.WJl"lIm sliperjiciale (D.Don)Ching Polypodiaceae + + + + 
34 Oberonia irid(folia Lind!. Orchidaceae + + + + 
35 PllOlioeiata imbricala Hook. Orchidaceae + + + + 
36 Pholiodafa IIndlilala Lind!. Orchidaceae + + + + 
37 Pleiol1e maclliaia (Smith) D.Don. Orchidaceae + + + 
38 Pleione praecox (Smith) D.Don Orchidaceae + 
39 Polhos scandens Linn. Araceae + + + + 
40 l~l'rrosill heleraclis (Mett ex Kuhn) Ching Polypodiaceae + + + + 
41 Rlwphidophora calophyllllm Schott. Araceae + + + + 
42 RlwpITidopllOra decursim (Roxb.) Schott. Araceae + + + + 
43 Sche.tllera velllt/o.m (W .&A.) Harms. Araliaceae + + 
44 Tail1ia viridijilsca (Hook.) Benth. Orchidaceae + + 
45 Vaccinill11l mcciniace1l11l (Roxb.) Sleum. Ericaceae + 
46 Viscllm 11I011OiCIl111 Roxb. ex DC. Loranthaceae + 

VII. Herbs 

I Aegil1elia il1dica Linn. Orobanchaceae + + + 
2 AchyrospernlunI wallichianum (Benth.) Hk.f. Lamiaceae + + 
3 Ageralum cony=oides Linn. Asteraceae + 
4 Ainsliaea ialijolia (D. Don) Sch. Asteraceae + 
5 Anaphlllis aeinala DC. Asteraceae + + 
6 Anapha/is conlorla (D. Don) Hk.f. Asteraceae + + 
7 Anemone rivlIlaris Ham. Ranunculaceae + + 
8 Al1oeclOchiiolis roxbllrghii (Wall.) Lind!. Orchidaceae + + + 
9 Anofis wighfial1a Hk.f. Rubiaceae + + 
10 Arisaema consan~lIinell11l Schott. Araceae + + + + 
II Arislle11la forfliOSII1I1 (Wall.) Schott. Araceae + + + + 
12 Arlllulillella l1l'palel1.1'is Trin. Poaceae + + + + 
13 Asparagus jilici11lls Buch.-Ilam. Liliaceae + + 
14 Asplenium cheilosorlllll Kuntze Aspleniaceae + + + + 
15 AspleniulII Ilnilaterale Lamk. Aspleniaceae + + + + 
16 Afhyriopsis japonica (Thunb. )Ching Athyriaceae + + + + 



17 Alhyrillm drepanoplerum (Kllnlze )A. Brown Athyriaceae + + + + 
18 lJalallol'/101'(1 dioic(f R. Ilr. Ba la nophoraceac + + 
19 Begonia pa/mlllll lJ.lJon Bcgoniaccac + + + + 
20 Begonia sp. Begoniaceae + + + + 
21 Bidel1S pilosa (BI.) Sherff Asteraceae + + 
22 Blli",ea hieraciijiJlia (lJ. Don) DC. Asteraceae + 
23 Borreria arliclI/aris (L.t) F.N. Williams Rubiaceae + + + + 
24 Ca/anlhe clavala Lind!. Orchidaceae + 
25 Can/amine hir.mla Linn. Brassicaceae + 
26 Carexfilicina Nees. Cyperaceae + + + + 
27 Cent ella asiatica (Linn.) Urban Apiaceae + + 
28 Chirita ob/ongifiJlia (Roxb.) Sinclair Gesneriaceae + + 
29 ('il'sill'" invo/IICl'allim DC. Asteraceae + + 
30 ('%sasia escu/anla (Linn.) Schott Araceae + + + + 
31 COll1melina pailidosca BI. Commelinaceae + + + + 
32 Cost liS specioslIs (Koenig.) Smith Zingiberaceae + + + + 
33 eras.wcep/wlll'" crepidioides (Benth.) Moore Asteraceae + + + + 
34 (rallolis vaga (Lour.) J.A.&J.H.Schult. Commelianaceae + + + + 
35 C)1Jerlls .flavidlls Retz. Cyperaceae + + + + 
36 ()1Jerus kyl/ingia End!. Cyperaceae + + + + 
37 (llJerlis pilOSliS vahl Cyperaceae + + + + 
38 Dianella el1sala (Thunb.) RJ .Handerson Liliaceae + + + + 
39 Dichanlhilll1l coricOSlIlI1 (L.) ACamus Poaceae + + + + 
40 Dicranopleris linear is (Burm.t)Underwood G leicheniaceae + + 
41 Dicrocep/w/a him/or (Roth) Schltd!. Asteraceae + 
42 Digitaria ciliaris (Retz.) Koel. Poaceae + + + + 
43 Dipleris walliehii (R.Br.) Moore Dipteridaceae + + 
44 Disporul11 Cllntoniense (Lour.) Merr. Liliaceae + + + + 
45 Drosera pellata Smith Droseraceae + 
46 DI~l'mllria cordata (Linn.) Roem. & Schult. Caryophyllaceae + + + + 
47 ElalOJlel11a disseclllll1 Wedd. Urticaceae + 
48 E/aloslemma hookel'ianllm Wedd. Urticaceae + + + + 
49 Elatostemma sessile Forst. Urticaceae + 
50 E/sholtzia hlanda (Benth.) Benth. Lamiaceae + + 
51 E/sho/lzia slrohilf/'era (Benth.) Benth Lamiaceae + + 
52 Emilia S0I1Ch!/iJlill (Linn.) DC. Asteraceae + + + + 
53 Eragrostis gangetica (Roxb.) Steud. Poaceae + + + + 
54 Eragrostis !lnioloides (Retz.) Steud. Poaceae + + + + 
55 Eriosaema himalaiclim Ohashi Fabaceae + 
56 Eqllisellim ramosissimllm Desr. Equisetaceae + 
57 Floscopa scandens Lour. Commelinaceae + + 
58 Forrestia 171011issima (BI.) Kds. Commelinaceae + 
59 Galinsoga parv(fiof'(l Cay. Asteraceae + + + + 
60 Geranium nepalense Sweet Geraniaceae + + 
61 Gerbera piloselloides (Linn.) Casso Asteraceae + 
62 Glanna clarkii Baker. Zingiberaceae + + + + 
63 (llIol'//(1/iIl111 I'Cf1.\Y/"lll1iclIl11 Willd. !\stcraccac + + 
64 Gomphostel1lmll nlltlms Hook.f. Lamiaceae + 
65 Gomphoslemma Vellllil1ll1l1 Benth. Lamiaceae + + 
66 Gyl1l1l'll clIsimhllsa (D.Don) S. Moore Asteraceae + + 
67 lI11hel1aria slel1oslad,ya (Lind!.) Benth. Orchidaceae + + + 



68 Hedychium coccineul11 Smith Z ingiberaceae + + + + 
69 lIedychiul11 coronariul11 Koen Zingiberaceae + + + + 
70 Hel(vchiuf11 ellepticlim Smith Zingiberaceae + + + + 
71 Hel~vchillm s/enope/alum Lodd. Zingiberaceae + + + + 
72 He{~vo/is /enellijlora BI. Rubiaceae + + + + 
73 He{~votis lIncinella Hook.& Arn. Rubiaceae + + + + 
74 Hydrocotyle javanica Thunb. Apiaceae + + + + 
75 H.,llJericum elodeoides Choisy Hypericaceae + + 
76 Impatiens benthamii V.Steenis Balsaminaceae + + + + 
77 Impatiens chinensis Linn. Balsaminaceae + + + + 
78 Impatiens drepanophora Hook.f. Balsaminaceae + 
79 I",,,at;en.~ Jur;pa Hk. f. & Th. Balsaminaceae + 
HI) 1""lUllc'/I" Iclw,vlmw Ilk. r. Bal!'laminaceae + + + + 
8\ 1/11l'uti(!II.~ 1(lC!vig(lttl "O\)\\.. f. & Th Bal!'laminaccae + + 
82 Imperala cylindrica (Linn) P.Beauv. Poaceae + + + + 
83 lwe/me himalaica Hook.f Poaceae + + + + 
84 Kaulina pleropus (Blume) Nayar Polypodiaceae + + + + 
85 Leucas ciliata Benth. Lamiaceae + + + 
86 Linderhergia muraria (Roxb.) Bruhl Scrophulariaceae + + 
87 Lohelia angulata Forst. Campanulaceae + ,-
88 Lophatherum gracile Brongn. Poaceae + + + + 
89 Lycopodium cern 11m Linn. Lycopodiaceae + + 
90 Malaxis lalijC)/ia Sm. Orchidaceae + + + + 
91 Microsorum membranacellm (D.Don)Ching Polypodiaceae + 
92 Murdannia gigantea (Vah\.) Bruck. Commelinaceae + + + + 
93 Mllrdannia nudijlora (Linn.) Brenan Commelinaceae + + + + 
94 Neocheiropteris normalis (D.Don) Togawa Polypodiaceae + 
95 Ophiopogon parvijlorus (Hk.f) Hara Liliaceae + + + + 
96 Ophiorrhiza mungos L Rubiaceae + + 
97 Ophiorrhiza nutans Clarke Rubiaceae + + + + 
98 Osheckia capilata Benth. M elastomataceae + 
99 Ow/is comiclI/ata L. Oxalidaceae + + + + 
100 Pllnicutll brev(/iJlililn L. Poaceae + + + + 
101 Peliosanthes bakerU Hk.f. Liliaceae + 
102 Peperol1lia re.flexa J\. Dictr. Piperaceae + + + 
103 PI":\'I1illl1l placentarilll1l (Lour.) Merr. Maranthaceae + 
104 Phyllanthlls urinaria L. Euphorbiaceae + + 
105 Phytolacca acinosa Roxb. Phytolaccaceae + 
106 Pilea IImbrosa Wedd. Urticaceae + + + 
107 Plantago erosa Wall. Plantaginaceae + + + + 
108 Pogostemon strigosus (Benth.) Benth. Lamiaceae + + 
109 Polygonum barbata L Polygonaceae + 
I/O Polygonllf11 capita/11m D.Don Polygonaceae + + + + 
III Polygonum dibotrys D.Don Polygonaceae + + + 
112 Polygol1l1l11 viscoslim D.Don Polygonaceae + + 
113 Polystichlll11 aCllleatlim (Linn.) Roth Aspidiaceae + + + + 
114 Po(vura geminata fJook.f. Rubiaceae + + 
115 Po/en/ilia jii/gem Wall. Rosaceae + 
116 Pouzolzia hirta (BI.) Hassk. Urticaceae + + + + 
117 Prol1cphriwn nlldlltam (Roxb.) Holttum Thelypteridaceae + 
1\8 }'teris ljlllldrilillrilli Retz. Pteridaceae + + + + 



119 Rafltlf1culus calltoniensis DC. Ranunculaceae + 
120 SClilelleria discolor Benth. Lamiaceae + + + + 
121 Selaginel/a semicordala (Wall ex. Hk.Et Grev.) Selaginellaceae + + + + 

Spring 
122 Sciagil1cl/a willdc1/ovii (Desu.) Baker Sc\aginellaceae + + + + 
123 Smithia ciliata Royle Fabaceae + + + + 
124 So/anum mvriacantllllm Duna!. Solanaceae + + + + 
125 Soneri/a khasialla Clarke Melastomataceae + + 
126 Spi/anthes pallicuiata DC. Asteraceae + + + + 
127 Spirallthes sinense (Pers.) Ames Orchidaceae + + 
128 Strobala1/thes sp. Acanthaceae + 
129 Torenia d~tJilsa D.Don Scrophu lariaceae + + + +. 
130 Viola palmaris Cling. Violaceae + + 
131 Viola sikkimensis W.Becker Violaeeae + + + + 
132 Zingiber rubens Roxb. Zingeberaceae + + + +. 



Table 4.2. Species of different climatic zones and botanical regions present in Ialong 
and Raliang sacred groves. 

Tropical species 

Temperate species 

Sino-Himalayan species 

Burmese-Malayan species 

Peninsular-India species 

Lithocarplls fenestrata, Sarcosperma griffithii, Todallia 

asiatica and Cyalhea sp.etc. 

Rhododendron arborellm, Pinus kesiya, Ilex sp., Clematis sp. 

and Ranllncllilis sp. etc 

COI)'lopsis sp., AIal1011ia, Mangletia , Camellia, Eurya sp., and 

Anemone sp. etc. 

f/'accini1l111 sp., Engelhardtia spicata, Cinnamomum sp., 

Pittmp01"ll111 sp., Lilsea sp., Lasianthlls sp., Gonionthalamus 

sesqllipedalis, Balanophora dioca, Neillia thyrsiflora and 

many Zingiberaceae etc. 

ElI1)'a japonica, Helecia nilagirica, Munronia pinnata, 

Schelllera lI'allichiana etc. 

Sources: Puri ( 1960), Rao (1974) and Balakrishnan (1981- 83). 

Table 4.3. Primitive flowering plants recorded in Ialong and Raliang sacred groves. 

Plant species 

Manglietia sp. 

Michelia sp. 

Sarcandra glabra 

C01ylopsis himalaYllna 

Myrica esclilenta 

/{ollttllynia cordata 

Betliia alnoides 

Family 

Magnoliaceae 

Magno liaceae 

Chloranthaceae 

Hamame lidaceae 

Myricaceae 

Saururaceae 

Betulaceae 

Distribution 

Eastern Himalayas. 

Temperate Himalayas and North-east India 

Indo-Malaya, North-east and southern India. 

North-east India 

Himalaya, Burma, Indo-china, West and 

South China, Malayasia. 

Himalaya, Khasi hills, Manipur, Thailand, 

Indo-China. 

Temperate and subtropical Himalayas. 

Sources: Takht~ian (1969), Rao and H~ra (1986). Balakrishnan (1981- 83). 



Myricaceae, Lardizabalaceae and primitive genera like Sarcandra, Cory/opsis and 

Myrica in the groves (Table 4.3). This observation further supports the view of 

Takhtajan (1969) who opined that eastern Himalayas including Assam and Upper 

Burma and from Yunnan to Fiji Island show high concentration of primitive 

angIOsperms. 

Family and Genera 

Out of liS families recorded, 99 were angiospermic, three belonged to 

gymnosperm and 13 to pteridophyte. Jamir (2000) has reported 96 angiospermic 

families from three sacred groves and Balakrishnan (1981-83) has reported 165 

families from the vegetation of the entire Jaintia hills. Orchidaceae was the dominant 

frunily with 27 species followed by Lauraceae (24 species) and Rubiaceae (20 

species). Forty-seven families were mono-specific and 17 were bi-specific (Table 

4.4). 

Earlier workers (Balakrishnan 1981-83, Jamir 2000) have also reported 

dominance of Orchidaceae both in the sacred groves as well as in the flora of Jaintia 

hills. Numerous orchids are found in the forests of Southeast Asia and tropical 

America. The Malay Peninsula alone has about 800 species of orchids, the majority of 

which are epiphytes (Holttum 1957). Even in Africa, the epiphytic orchids form the 

largest group in the Nimba Mountains (Johansson 1974). Abundance of macro­

epiphytes. as observed at the present study site is a characteristic of montane and 

SUbtropical as well as tropical rain forests where atmosphere is usually permanently 

moist. 
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Table 4.4. Family-wise distribution of genera and species in the two sacred groves. 

SI. Family lalong Raliang Total 
no Genera Species Genera Species Genera Species 

Angiosperms 
1 Acanthaceae 4 4 3 3 5 5 
2 Aceraceae 1 1 1 2 I 2 
3 Amaranthaceae 1 I I I I I 
4 Anacardiaceae 3 5 3 5 3 5 
5 Annonaceae 2 2 3 3 3 3 
6 Apiaceae 2 2 2 2 2 2 
7 Apocynaceae 2 3 3 4 3 4 
8 Aquifoliaceae I I I I 
9 Araceae 4 6 4 6 5 6 
10 Araliaceae 7 9 6 8 7 9 
11 Arecaceae I I 1 1 I 1 
12 Asclepiadaceae 1 I 2 4 2 4 
13 Asteraceae 15 16 12 12 18 19 
14 Balanophoraceae 1 1 1 1 1 1 
15 Balsaminaceae I 5 1 4 I 6 
16 Begoniaceae 1 2 1 2 I 2 
17 Berberidaceae I I 1 I 
18 Betulaceae 1 1 1 1 
19 Brassicaceae 1 1 1 1 
20 Campanulaceae 1 I 1 I 1 1 
21 Capparaceae I 2 1 2 
22 Caprifoliaceae 1 2 1 1 I 2 
23 C aryophy laceae 1 1 I I I 1 
24 Celastraceae 3 3 I 4 3 6 
25 Chloranthaceae 1 1 I 1 I 1 
26 Clusiaceae 2 3 2 2 2 3 
27 Commelinaceae 4 5 4 5 5 6 
28 Connaraccac I I I I I I 
29 Coranaceae 1 1 I J J J 
30 Cucurbitaceae 2 2 2 3 2 4 
31 Cyperaceae 2 4 2 4 2 4 
32 Dioscoreaceae 1 2 I 2 I 2 
33 Droseraceae 1 1 1 1 
34 Ebenaceae 1 1 1 1 1 1 
35 Eleagnaceae 1 1 1 1 1 1 
36 Elaeocarpaceae 1 2 I 2 
37 Ericaceae 3 3 1 1 3 3 
38 Erythroxy laceae 1 1 I 1 I I 
39 Euphorbiaceae 6 9 6 6 7 10 
40 Fabaccae 8 9 5 7 10 11 
41 Fagaceae 3 8 2 6 3 8 
42 Geraniaceae I 1 I 1 I 1 
43 Gesneriaceae 3 5 4 7 4 7 
44 11amamclidaccae I 1 1 1 1 I 



45 Hypericaceae I I I I 
46 Iteaceae I I I 2 I 2 
47 Juglandaceae I I I I I I 
48 Lamiaceae 9 11 5 6 10 13 
49 Lardizabalaceae I 1 1 I 
50 Lauraceae 7 15 10 23 to 24 
51 Liliaceae 3 3 5 5 5 5 
52 Loranthaceae 2 2 I I 3 3 
53 Magnoliaceae 1 1 2 2 2 2 
54 Malvaceae 2 2 2 2 2 2 
55 Maranthaceae I I 1 1 
56 Melastomataceae 3 3 1 1 3 3 
57 Meliaceae 3 3 3 3 
58 Menispermaceae 3 3 4 4 4 4 
59 Mimosaceae 3 3 3 3 4 4 
60 Moraceae 2 12 I 7 2 12 
61 Myricaceae 1 1 1 1 I 1 
62 M yristicaceae 1 I I 1 
63 Myrsinaceae 4 5 4 6 4 6 
64 Myrtaceae I I I I ) ) 

65 Oleaceae 2 4 2 4 2 4 
66 Orchidaceae 14 20 14 22 18 27 
67 Orabancaceae I I I I I I 
68 Oxalidaceae I I I I I I 
69 Pass i noraceae I 3 I 2 I 3 
70 Phytolaccaceae 1 1 1 1 
71 Piperaceae 2 4 2 4 2 4 
72 Pittosporaceae I I I I 
73 Plantiganaceae I I I I I I 
74 Poaceae 8 9 8 9 8 9 
75 Polygonaceae 1 5 1 5 1 6 
76 Proteaceae 1 1 1 1 1 1 
77 Ranunculaceae 3 3 2 2 3 3 
78 Rosaceae 7 II 4 8 7 II 
79 Rubiaceae \3 17 14 19 15 20 
80 Rutaceae 4 5 6 6 6 7 
81 Santalaceae 1 I I I I I 
82 Sapindaceae I I I I 
83 Sapotaceae I I I I 
84 Saurauiaceae I I I I I I 
85 Scrophu lariaceae 2 2 I I 2 2 
86 Simaroubaceae I I I 1 2 2 
87 Smilacaceae I 4 I 4 1 4 
88 Solanaceae 2 3 1 2 2 4 
89 Sterculariaceae I I I I 
90 Styracaceae I 2 I I I 2 
91 Symplocaceae I 2 I 3 J 3 
92 Theaceae 3 6 2 3 3 7 
93 Tiliaceae I I I I 1 I 
94 Urticaceae 5 6 4 7 5 9 



95 Vaccinaceae 2 3 I 2 2 3 
96 Verbcnaccae 3 4 3 5 3 6 
97 Violaceae I 2 I I I 2 
98 Vitaceae 2 2 4 4 4 4 
99 Zingeberaceae 4 7 3 7 4 7 

Gymnosperms 
100 Gnetaceae I 
101 Pinaceae I 
102 Podocarpaceae 1 

Pteridophytes 
103 Aspreniaceae I 3 I 3 1 3 
104 Aspideaceae I I I I I I 
105 J\ thyriaccae 2 2 2 2 2 2 
106 Cyatheaceae I I J J 
107 Dipteridaceae J 1 
108 Equisetaceae I I 1 I 
109 G leicheniaceae I I J 1 1 1 
110 Lycopodiaceae I I J 2 I 2 
III Lygodiaceae I I 1 I I 1 
112 Polypodiaceae 5 6 6 6 6 7 
113 Pteridaceae I I I I 1 I 
114 Selagincllaceae I 2 I 2 1 2 
115 ',. hclyptcridaceae I I I I 



Table 4.5. Endemic (E) and rare (R) plant species found in Ialong (I) and Raliang (2) 

sacred groves., 

SI. Plant species Family Habit Status Forest 

No. stands 

1 Acer iaevigailim Wall. Aceraceae Tree E,R 1,2 
2 Acer oblongum Wall. Aceraceae Tree R 2 
3 At"ch)'nanthe .• parasitic,,,, (Roxb.) Wall. Gesneriaceae Epiphytic E 1 
4 AcschYI1£ll1the.y slkklmel1sls (Clarke) Stapf. Gesneriaceae Epiphytic E,R 1,2 
5 AescitYl1anlites superba Clarke. Gesneriaceae Epiphytic E 2 
6 Aralia thomson;; Seem Araliaceae Small tree E ] 

7 Ardisia gr!f!ithii Cl. Myrsinaceae Shrubs E ] ,2 
8 Bo/allop/wra dioica Royle Ba lanophoraceae Parasitic R 1,2 
9 Boehmeria sidaefolia Wedd. Rubiaceae Shrubs E 1,2 
\0 Bruceae mollis Wall. ex Kurz. Simaroubaceae Shrub R 2 
II Bulhophyllum gr([1ithii (Lind\.) Reiclb Orehidaeeae Epiphytic E,R I 
12 Collicarpa psilocalyx Clarke Verbenaceae Shrubs E,R 1 
\3 Camellia caduca Cl. ex Brandis Theaceae Small tree E I 
14 Capparis acutifolia Sweet Capparaceae Small tree E 2 
15 Cinnamo111um pauc(florum Nees Lauraceae Small tree E,R 2 
16 Citrus lalipes (Swingle) Tanaka Rutaceae Small tree E,R 1,2 
17 Croton oblongus Burm.f. Euphorbiaceae Small tree R 1,2 
18 Cyathea sp. Cyatheaceae Small tree R 1 
19 Dendrobium densiflorum Wall. Orchidaceae Epiphytic R ],2 
20 Dendrohillm devon ian lim Paxt. Orchidaceae Epiphytic R 1,2 
21 Dendrobillm nobile Lind!. Orchidaceae Epiphytic R 1,2 
22 Dipleris wallichii (R.Br.) Moore Dipteridaceae Shrubs R 2 
23 Drimycarplls racemoslis (Roxb.)Hook.f. Anaeardiaceae Tree E 1,2 
24 Drosera peltata Smith Droseraceae Herbs R ] 

25 Embelia vest ita Roxb. Myrsinaceae Climber R 1 
26 ErYlhroxyllll1t kUl1lhial11111t Wall. ex Kurz Erythroxy laeeae Shrubs E ] ,2 
27 Elionymlls lawson;; Clarke & Prain Celastraceae Shrubs E 2 
28 Ficus concil1na Miq. Moraceae Tree R 1 
29 Ficus suhincisa Bueh.-Ham. ex J.E.SH Moraceae Shrub R 1,2 
30 Fir.c<irligma verruco.mm (flk.f.&Th) Merr. Annonaceae Climber E,R 1,2 
31 Goh(filssia glahratll (Nees) Balakr. Acanthaceae Shrubs E 1 
32 Hedera nepalensis K.Koch Araliaceae Climber E,R 1,2 
33 /lex emheloides Hook.f. Aquifoliaceae Tree E,R 2 
34 Impatiens khasiana Hook.f.& Th Balsaminaceae Herb E ] ,2 
35 Impatiens laevigatllm Hook.f.& Th Balsaminaceae Herb E 2 
36 Ixora slibsessilis G.Don Rubiaceae Small tree E 1,2 
37 Lellcosceptrum camon Smith Lamiaceae Small tree R 1 
38 Lindera lalifolia Hook.f. Lauraceae Tree E,R 1,2 
39 Luisia inconspiclla (Hook.t)King & Pantl. Orehidaeeae Epiphytic E ) 

40 Mahonia pycnophyl/a (Fedde) Takeda Berberidaceae Shrubs E ] 

41 Melodil1l1S mOl1ogynlls Roxb. Apoeynaeeae Climber R ] ,2 
42 M'l/lrOllia pinl1(/la (Wall.) Harms. Meliaeeae Shrubs R 2 
43 Manglietia insignis BI. Magnoliaceae Tree R 1,2 
44 Neillia thyr.s(flora D.Don Rosaceae Shrubs E 1,2 
45 Osbeckia capitala Benth. Melastomataeeae Herb E 1 



46 Paramignya micrantha Kurz Rutaceae Small tree E 2 
47 Persea parvijlora (Meissn).Haridasan et Rao Lauraceae Tree E 1,2 
48 Piper grijjithii C.DC. Piperaceae Climber E 1,2 
49 Piper peepuloides Roxb. Piperaceae Climber E 2 
50 Pleione maculata (Lindl.) Lindl. Orchidaceae Epiphytic R 2 
51 Pleione praecox (Lind!.) Lind!. Orchidaceae Epiphytic R 2 
52 Podocarpus neriifolia D.Don Podocarpaceae Tree R 2 
53 Pseudobrassaiopsis hispida (Seem.) R.N.Ban Araliaceae Small tree R 1 
54 Pyruiaria edulis A.DC. Santalaceae Small tree R 1,2 
55 Pogostemon strigo.ws (Benth.) Benth. Lamiaceae Herb E I 
56 Prunusjenkinsii Hook.f. Rosaceae Tree E 1,2 
57 Rhaphidophora calophyllum Schott. Araceae Epiphytic E 1,2 
58 Rhaphidophora decursiva (Roxb.) Schott. Araceae Epiphytic E 1,2 
59 Rhus hookerii Sahni & Bahd. Anacardiaceae Tree R 2 
60 Rubus assamcnsis Focke Rosaceae Scandent E 1,2 
61 Rubus kl1l1S ian us C ordat Rosaceae Scandent E 1,2 
62 Sarcosperma grij)ithii Clarke Sapotaceae Tree R 2 
63 Schima khasiana Dyer. Theaceae Tree E,R 2 
64 Smila."C myrtillus DC. Smilacaceae Shrubs E 1,2 
65 Soneri/a khasiana Clarke Melostomataceae Herb E,R I 
66 Styrax hookerii C!. Styracaceae Small tree R I 
67 Sympagis monodelpha (Nees) Bremek. Acanthaceae Shrubs E 1 
68 Tllpidanthus ca(vptratlls Hk.f. & Th. Araliaceae Small tree E,R 1,2 
69 Vaccinillm vacciniacellm (Roxb.) Sleum. Vacciniaceae Epiphytic E 1 
70 Vihurnum simons;; Hk.f. & Th. Caprifoliaceae Tree E 1 



individuals of such species is probably kept low by a combination of unfavourable 

regeneration conditions, and lack of appropriate habitat or both (Hubbell 1979). 

A list of 38 such species based on their rarity status in Meghalaya is given in 

Table 4.5. Two rare fern namely, Dipteris wallichii and Cyathea sp. (Photographsl) 

were found at the present study sites and /lex embeloides, Styrax hookerii and 

Fissistigma verrucosum (as shown in Photographs 1) were collected after several 

decades. Some species of ornamental value such as Dendrobium and Pleione which 

are becoming rare due to over-exploitation, while others like Podocarpus nerifolia, 

Cyathea sp. and Balanophora dioca (Photographs 1), which are becoming rare due to 

habitat alteration were also recorded. 

Effect of disturbance 

Though not much variation was seen in species composition in different life 

forms due to disturbance, but shrubs and herbs diversity increased where as the 

epiphytes showed a decrease (Table 4.6). There was a slight change in family 

dominance also ego Asteraceae, Rubiaceae, Rosaceae and Verbenaceae showed an 

increase while Orchidaceae showed a decrease with disturbance. Some weedy species 

such as Lantana camara, Eupatorium sp, Artemisia sp., Bidens pilosa and Polygonum 

sp. were absent in the undisturbed stands of the sacred groves and present only in the 

mildly disturbed stands. 
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Photographs 1. Balanophora dioica (A), a rare and Fissistigma verrucosum (B) an 

endemic species present in Ialong and Raliang sacred groves. 





Photographs 1. Two rare ferns Cyathea sp. (A) and Dipteris wallichii (B) present in 
Ialong and Raliang sacred groves. 





A total of 303 genera were recorded from the two sacred groves. Ficus was 

the largest genus with II species followed by impatiens and Dendrobium with 6 and 5 

species, respectively. 

Endemic species 

A list of endemic species fbund in the two sacred groves is given in Table 

4.5. Thcse may not necessarily be endemic only to Megh~llaya, but to the entire 

northeastern region and the eastern Himalayas. Takhtajan (1988) while describing the 

flora of the Khasi hills concluded that it is most richly saturated by eastern Asiatic 

elements, and is one of the most important centers of survival of the Tertiary flora of 

eastern Asia. The geological antiquity of the Khasi hills, the taxanomic composition 

of the flora and its richness and peculiarity indicate that long before glacial times, 

these mountains already constituted an important part of the area where the nucleus of 

the flora of the eastern Asiatic flora originated. The flora of the Shillong plateau, 

including the Khasi and laintia hills, is considerably rich with high level of 

endemism. The sacred groves, the remnant of climax forest of the area, are still the 

abodes of a large number of endemic taxa as is evident by presence of 45 endemic 

species in the two groves under the present study as well as 51 species in other three 

groves of laintia hills (Jamir 2000). Some of the endemic species like Acer 

taevigatllm, Aeschynanthes sllperba, Citrus talipes, etc are rare in Meghalaya. 

Rare species 

The species represented by very small number of individuals or populations, 

which are at risk in an area, may be considered as rare species. The number of 
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Table 4.6. Summary of the floristic composition in the four stands. 

Life form lalong Raliang 

Undisturbed Mildly Undisturbed Mildly 
disturbed disturbed 

Number of trees 90 86 96 95 

Number of shrubs 31 48 38 43 

Number of scandent shrubs 16 19 22 22 

Number of climbers 20 22 32 29 

Number of epiphytes 33 21 39 29 

Number of herbs 90 104 84 95 

Total 280 300 311 305 



CHAPTER V 

COMMUNITY STRUCTURE 

Apart from floristic composition, quantitative measures such as frequency, 

density. abundance and dominance have been widely used to describe the structure 

and dynamics of plant community. Tree dispersion pattern as well as density-diameter 

distribution of trees which contribute to the structural characteristic of the forests, 

have been studied in tropical rain forest by Okuda et al 1997 and Richards (1996). 

The quantification of plant diversity studies carried out in the tropics has emphasized 

mainly on tree species. The smaller woody plants, climbers, and herbs are rarely 

included, which contribute greatly to the total species richness of the forest. In some 

studies (Gentry and Dodson 1987, Smith 1970, Hall and Swaine 1981, Poulsen and 

Pendry 1995. Annaselvam and Parthasarathy 1999) attempts have been made to 

quantifY the species diversity of the ground vegetation. 

The effect of disturbance by human activities on species diversity is an issue 

that has attracted the attention of a number of ecologists (Hurd et at 1971, 

McNaughton 1977, 1985, Tilman 1988, Frank and McNaughton 1991, Tilman and 

Downing 1994). Connell (1978) and Collins (1995) argued that richness should be 

highest at intermediate frequencies of disturbances when condition favours 

competitive species and those that tolerate disturbance. Thus, the intensity and 

frequency of disturbance are important detenninants of plant diversity. 
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In the present study structure of sacred {(.lrest community has been analysed by 

measuring following parameters. 

Stratification 

Four distinct layers viz. canopy (>l5 m height), sub-canopy (8 to15 m), under 

canopy «8m) and ground vegetation (upto 2m height) which included shrubs and 

herbs could be recognised in both the sacred groves. At lalong the average tree height 

in the canopy layer was 18 m, which was composed of Acer laevigatum, Alseodaphne 

petiolaris, Belula ailloides, Persea odoratissima, Syzygium tetragonum etc. All 

together there were 22 tree species in this layer. The subcanopy layer was composed 

of 27 species. Alangiul1l chinensis, Citrus lalipes, Ficus nerifolia, were common 

species in this layer. The undercanopy had 28 species. Erythroxyllll11 kUllthianum, 

CojJea khasialla, Microtropis discolor were most frequent in this layer. The canopy 

layer of Raliang sacred grove with 29 species was richer than Ialong. Actinodaphne 

obovata, Sarcosperma griffithii, Prullus jenkensii, were dominant canopy trees. The 

subcanopy was composed of 26 species. Dysoxylon gobara, Macropanax dispermus, 

Helicia Ililagirica and Pithecellobiul1l l110lladelphulll were dominant species in this 

stratum. The under canopy with 18 species was composed mainly of Capparis 

aClitijolia, Ixora subsessilis, Sarcococca przmijormis. The shrubs layer was dominated 

by B,ynea retllsa, Psycho/ria erratica, EUOIl),I1111S tlleijolius, Boehmeria sidaefolia etc. 

The herbs layer consisted of Isaclme Ilimalaica and zingiberaceae species. 

Vegetation stratification in the mildly disturbed stands were similar to the 

undisturbed stands of both the groves, but the fonner showed higher species richness 
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in the tree component of < 8m height and ground vegetation in comparision to its 

respective undisturbed stands. 

Woody components ( ~ Scm dbh) 

Species - area relationship 

The species area curves for woody species (~5cm dbh) in the undisturbed 

stands and their respective mildly disturbed stands of the sacred groves have been 

shown in the Fig. 5.1. As expected the species number increased with the increase in 

area in all the stands. The curves reached almost at asymptote level between 0.4 to 0.5 

ha where about 80% to 90% of the total species content in a given stand could be 

recorded. 

Species richness 

A total of 159 woody species (~ 5cm db h) (including 4 unidentified species) 

were identified from all four stands. There were liS species at lalong and 113 species 

at Raliang, out of which about 80% species were common to both sites. The species 

richness of the mildly disturbed stands (92, 93 species) was higher than the 

undisturbed stands, which have 80 and 82 species Crable 5.1). 

The number of species per unit area or species density in the community was 

examined by measuring number of tree species in 100m2 plots to study the 

distribution pattern of species richness (Fig. 5.2). The species density per 100 m2 

ranged from 3 to 15 in the undisturbed and 5-16 in the mildly disturbed stands. 

However, a closer look of data reveals that about 25-40% of the plots had 1-5 species, 

50% plots had 6-10 species and rest had 11-15 species in the undisturbed stands. But 
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Fig. 5.1. Species-area curve for woody species e5cm dbh) in the undisturbed 
(Isg, Rsg) and mildly disturbed stands (Imd, Rmd) at lalong and Raliang. 
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and mildly disturbed (Imd, Rmd) stands at lalong and Raliang. 



in the mildly disturbed forest frequency of plots having 6-10 species showed an 

increase of 60% to 75% and those having 1-5 species declined to about 5%. 

Table 5.1. Diversity and community characteristics of woody species ( ~ 5cm dbh) at 

(along and Raliang. 

Variables Ialong Raliang 

(sg Imd Rsg Rmd 

Area sampled (ha) 0.5 0.5 0.5 0.5 

Density ha- ' 1476 1340 938 1308 

Species richness 82 92 80 93 

Number of families 39 39 41 46 

Number of genera 59 69 62 71 

Basal area 01
2 ha" 57.46 49.64 71.44 36.52 

Shannon diversity index 3.42 3.78 3.55 3.87 

Pielou evenness index 0.53 0.61 0.56 0.61 

Simpson dominance index 0.067 0.047 0.052 0.034 

In aJJ stands majority of the species were represented by young individuals (5-

15cm dbh). The species richness decreased with the increase in dbh class, except in 

case of mature trees (>66cm dbh) (Fig.5.3). In both the mildly disturbed stands the 

species richness was more in the first two classes (5-15 and 16-25cm) but decreased 

sharply in the higher dbh classes, particularly in Rmd. 

Family composition 

The identified specIes belonged to 63 plant families (4 unidentified and 

grouped as unidentified). Overall species richness can be predominantly attributed to 

Lauraceae with 24 species followed by Araliaceae and Moraceae (9 species each). 

Euphorbiaceae and Fagaceae had 8 speCIes each, Theaceae (7), Rutaceae (6), 
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Anacardiaceae. Myrsinaceae and Rubiaceae (5), Rosaceae (4), Clusiaceae and 

Symplocaceae (3). Thirteen families were bi-specific and thirty-three were mono-

specific. Arecaceae was the only monocot family represented by Caryota urens 

whereas, there were two gyrnnospennic families namely, Pinaceae and Podocarpaceae 

represented by Pinus kesiya and Podocarpus neriifolia respectively. Stand wise 

distribution of species in diflerent family is shown in the figure (5.4a - 5.4b) 

Species - stem relationship 

The relationship between the number of species and the number of individuals 

is shown in the Fig. 5.5. In aU stands majority of the species was represented by few 
/ 

individuals whereas, few species had relatively large population density. In the 

undisturbed stands about 35% (28-29) of the species were represented by one 

individual each and 12-17% (10-14) species were represented by two stems each. 

While in the mildly disturbed stands 25% of the species were represented by one 

individual each and 17% by two stems each. 

Frequency 

In both Ialong and Raliang undisturbed stands 87-91 % of the tree species 

belonged to Raunkiaer's frequency class A. and the rest were distributed in B, C and 

D classes; Class E was completely absent (Fig 5.6). In both the mildly disturbed 

stands the proportion of the species in frequency class A declined to about 80%, while 

it increased in 8 and C classes. Coffea khasiana, Microtropis discolor, Syzygium 

Ie lragoll1I11l. and Helicia llilagirica in Isg and Sarcosperma griffithii, Actinodaphne 

o!Jm'ala and Pnmlls jellkellsii in Rsg were the most frequently found species. 
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Similarly. Castanopsis pll1purella was the most frequent species 10 the mildly 

disturbed stands of both the groves (Table S.2a-S.2d). 

Density 

The stand density at the four sites ranged from 938 to 1476 stems ha-' with a 

mean value of IIS5 stems ha-1
• In Isg, Microtropis discolor had the highest density 

(298 stems ha- I ) followed by Camellia caudata (136 stems ha-') (Table 5.2a). They 

together accounted for 29% of tree density in the forest. In Rsg, Sarcosperma griffithii 

had the highest density (116 stems ha- ' ) followed by Actinodaphne obovata (l08 

stems ha- I
). Together they constituted about 23% of the stand density (Table 5.2b). 

Caslallopsis pll1purella was the most abundant species in the mildly disturbed stands 

of both the groves Crable 5.2c, 5.2d). 

The distribution of density in different dbh classes (Fig. 5.7) shows that about 

74% and 54% of the total stems in the undisturbed stands of Ialong and Raliang 

respectively were in 5-IScm dbh class. Only 2-5% of the trees had> 66cm dbh. In the 

mildly disturbed stands of both the groves 50-67% of the stem density was constituted 

by S-IScm dbh class. Stem density in >66cm dbh class accounted for only 2% of the 

stand density. 

Basal cover 

The basal cover in the four stands varied from a minimum of 36.52 m2ha-1 in 

Rmd to a maximum of 71.44 m2ha- ' in Rsg (Table S.l). Both the undisturbed stands 

had comparatively higher tree basal cover than the mildly disturbed stands. Despite 

that density of young trees (5-15cm dbh) was very high, their basal cover was much 

53 



Table S.2 a. Frequency (%), density (plant ha- I
) and IVI of woody species ~ Scm dbh) 

in undisturbed stand at lalong. 

Plant s~ecies Famil~ Freguenc~ Density IVI 
Cano~~ la!er {> 15m height~ 
Acer laevigatum Wall. Aceraceae 4 6 1.48 
Aiseodaphne petiolaris Hk.f. Lauraceae 2 6 1.85 
Betula alnoides Buch.-Ham. ex D.Don Betulaceae 12 12 16.13 
Castanopsis indica A. DC. Fagaceae 10 10 2.44 
Castanopsis pll1purella (Miq) Balakr. Fagaceae 36 62 14.56 
Castanopsis trihuloides (Sm.) DC. Fagaceae 20 30 12.9 
Cinnamomum heiolghota (Buch.-Ham.) Sweet. Lauraceae 2 2 0.58 
Cinnamomum glanduliferum (Wall.) Meissn. Lauraceae 16 16 5.79 
Engelhardtia spicata Leschn. ex BI. Juglandaceae 28 40 18.34 
Ficus altissima BI. Moraceae 6 8 7.40 
Ficus l'irens Ait. Moraceae 4 4 6.58 
Garcinia tinctaria (DC.) W.F. Wight Clusiaceae 2 2 0.53 
Lithocarpus eiagans (BI.) Hatus ex Soep. Fagaceae 20 28 3.46 
LithocOlpus!enestrata (Roxb.) Rehder. Fagaceae 10 12 2.45 
Lithocarpus sp. Fagaceae 6 8 5.55 
Persea odoratissima (Nees) Koster. Lauraceae 14 18 6.06 
Pinus kesiya Royle ex. a.Don Pinaceae 2 2 1.19 
Prullus jenkinsii Hook. f. Rosaceae 14 20 4.06 
P.H!udostreh/1IS indica Bureau Moraccac 16 48 14.2 
Quercus serrata Thunb. Fagaceae 2 2 0.65 
Schima wallichii (DC.) Korth. Theaceae 14 20 3.84 
.~vzygium tetragonul11 (Wt.) Kurz Myrtaceae 38 60 12.55 
Sub canopy layer (8-15m height) 
Alangillm chinI'l/Sis (Lollr.) IIarms Coranaceae 14 16 4.08 
Anlidesma hllnill.'! (Linn.) Spreng. Euphorbiaceae 2 2 0.40 
Bielsc:hmedia roxhurghiana Nees Lauraceae 2 2 0.47 
Citrus latipes (Swingle) Tanaka Rutaceae 8 8 1.78 
Diospyros kaki Thunb. Ebenaceae 6 8 1.40 
Elythrina arhorescens Roxb. Fabaceae 2 2 0.40 
Eurya acuminata DC. Theaceae 2 4 0.56 
Ficus concil/1/(/ Miq. Moraceae 2 2 0.55 
Ficus mclelandi var. rhododendrifolia Corn. Moraceae 2 2 0.68 
Ficus ner(folia J.E.Sm. Moraceae 2 2 0.43 
Garcinia morella Desr. Clusiaceae 2 6 1.22 
He/icia nilagirica Bedd. Proteaceae 38 62 9.76 
Lindera latifolia Hook.f. Lauraceae 16 28 4.50 
Lindera naC:lIslia (D. Don) Merr. Lauraceae 2 2 0.40 
MacropaI1lu disper",us (BI.) O.Ktz. Araliaceae 2 2 0.40 
Manglielia insignis (Wall.) BI. Magnoliaceae 2 2 0.40 
A(vrica esclilenla Buch.-Ham. ex D.Don M)Ticaceae 6 6 2.85 
A(vrsine semise17'ata Wall. Myrsinaceae 10 14 2.37 
Per.~ea homhycina (King ex Hk.f.) Koster. Lauraceae 2 4 .73 
Pasca dllthi('; (flook. f.) Koster. Lauraceae 2 4 1.03 
Pithec:ellobiu11l monadelphum (Roxb.) Koster. Mimosaceae 34 50 9.18 
Quercus griffithii Hk.f. &Th ex DC. Fagaceae 2 2 0.73 
Rhododendron arboreu111 Sm. Ericaceae 2 2 0.55 
Rhus acu111;nala DC. Anacardiaceae 28 36 8.73 
Schejjlera elala (RlIch.-Ham.) Harms Araliaceae 4 4 0.89 
Schejjlera hJpoleuca (KlITz) lIarms Araliaceae 22 22 4.63 
Vaccinium sprengelii (O.Don) Rehd. Vaccin iaceae 2 4 0.66 



Under canopy {<Bm height} 
Alllidesma diandrum (Roxb.) Roth Euphorbiaceae 2 2 0.40 

Anlide.~ma Ichasial1l1m I-Ik.f. Euphorbiaceae 2 2 0.40 

Camellia calldala Wall. Theaceae 30 136 13.86 

Clerodelldrum hracleatum Wall. ex Walp. Verbenaceae 2 2 0.40 

CajIea khasial1a Hook. f. Rubiaceae 54 JOO 13.96 

Croton ohlongus Burm.f. Euphorbiaceae 4 4 0.85 

Erythroxylum Iclmthiallum Wall ex. Kurz. Erythroxylaceae 2 2 0.40 

Elllya cerasifolia (D.Don) Kobuski Theaceae 10 14 2.11 

Ew)'ajaponica Thunb. Theaceae 2 2 0040 

Ficus elmer;i Merr. Moraceae 2 2 0.40 

Ficus hirta var. roxhllrghii (Miq.) King Moraceae 8 8 1.56 

Ilea macrophy/la Wall. Iteaceae 2 2 0.47 

hora suhsessilis G.Don. Rubiaceae 2 2 0.70 
Alaesa indica (Roxb.) Wall. Myrsinaceae 2 2 0.40 
Me)'na spino.w Link. Rubiaceae 4 4 0.79 
Micro/rop;s discolor (Wall.) Arn. Celastraceae 58 298 29.49 
Phoebe (aneeolala (Nees) Nees Lauraceae 16 20 3.79 
Picrasma sp. Simroubaceae 6 8 1.31 
POll::o/Zia jimulo.w var. jillgem (Wedd.) Balakr. Urticaceae 2 2 0.42 
Pseudohrassaiopsis hispida (Seem.) R.N. Ban. Araliaceae 4 4 0.78 
Pyrularia edlliis A. DC Santalaceae 14 20 3.62 
Randia gr(Dilhii l-look.f. Rubiaceae 2 2 0.40 
Sarc()cocca pnmijiJrmis Lindl. Buxaceae 10 10 2.22 
Sfyra'( sarllia/um Roxb. Styracaceae 8 10 1.71 
Styra'( hookerii CI. Styracaceae 2 2 0.40 
Symploeos spicala Roxb Syrnplocaceae 8 10 1.96 
Vihurnum /oetidum Wall. Caprifoliaceae 2 2 0040 
Wendlandia walliehii W. & A. Rubiaceae 10 20 3.22 
Liana 
Emhelia sliheoriaceolis (Clarke) Mez. M)'Tsinaceae 4 4 0.77 
Row·ea minor (Gaert.) Leenh. Connanaeeae 24 44 6.22 
SehejJlera lI'alliehiana (W. & A.) Harms Araliaceae 2 2 0.40 
Tetras/igma serulla/um (Roxb.) Planeh. Vitaceae 12 14 2.49 
Todallia asiatica (Linn.) Lamk. Rutaceae 4 6 0.93 
Total 1476 300 



Table S.2b. Frequency (%), density (plant ha- I
) and IVI of woody species ~ 5cm dbh) 

in undisturbed stand at Raliang. 

Plant s~ecies Famil! Freguenc! Density IVI 
Cano~! la!er !>15m height) 
AceI' laevigatum Wall. Aceraceae 16 26 11.41 
AceI' oblongllm Wall. Aceraceae 2 2 0.68 
Actinodaphne obovata (Nees) BI. Lauraceae 50 t08 25.59 
Aiseodap/me petioiaris Hk.f. Lauraceae 6 6 1.79 
Betllia alnoides Buch.-Ham. ex D.Don Betulaceae 2 4 2.39 
Castanopsis plllpurella (Miq.) Balak. Fagaceae 8 14 6.58 
Cinnamomllm hejolghota (Buch.-lIam.) Sweet. Lauraceae 2 2 2.02 
Cinnamomllm gialleeseem (Nees) Meissn. Lauraceae 2 2 3.40 
CrYPfocarya j10rihunda Nees. Lauraceae 6 6 2.05 
Drymicarplis raeemosus (Roxb.) Hk.f. Anacardiaceae 18 20 5.38 
EJaeocOIplIs siklcimensis Mast. Elaeocarpaceae 2 2 0.59 
Engelhardlia spicata Leschn. ex BI. Juglandaceae 6 8 4.81 
Ficus alli.uima BI. Moraceae 4 4 12.92 
Ficus I'irens Ait. Moraceae 8 to 16.08 
Gardnia tinctoria (DC.) W.F. Wight Clusiaceae 4 4 1.27 
Knema angustifolia (Roxb.) Warb. M~Tisticaceae 22 28 7.72 
Lit/lOcmplis e/agam (BI.) Hatus ex Soep. Fagaceae 14 14 7.89 
lit/mea/pits fenestrata (Roxb.) Rehder. Fagaceae 2 2 0.53 
LithocOlpus sp. Fagaceae 2 2 0.52 
Michelia doltsopa DC. Magnoliaceae 2 2 3.90 
Neolitsea cassia (Linn.) Koster. Lauraceae 32 64 16.47 
I'ersca gamhlei (King ex IIk.f.) Koster. Lauraceae 4 4 1.82 
Persea odoratissima (Nees) Koster. Lauraceae 6 to 3.76 
Podocarplis nerii/o/ia D.Don Podocarpaceae 2 2 1.01 
Pnmm jel1kim ii Hook. f. Rosaceae 48 78 19.97 
Sarcosperma grijfithii CI. Sapotaceae 72 116 36.88 
Schima wallichii (DC'.) Korth. Theaceae 4 4 1.50 
Spol1dias lLwl/aris Roxb. Anacardiaccae 2 2 2.26 
,~l'=)'gillm tetragollllm (Wt) Kurz MYTtaceae 12 14 3.74 
Sub canopy layer (8-15m height) 
Antidesma bunillS (L.) spreng. Euphorbiaceae 2 2 0.52 
Bielschmedia assamica Meissn. Lauraceae 8 8 2.23 
Caryo/a urens Linn. Arecaceae 8 8 2.23 
( 'imWIII01l111111 talllala Fr. Nee .. Lauraccae 4 4 1.05 
Citru.~ la/ipes (Swingle) Tanaka Rutaceae 6 6 1.56 
Diospyros lealci Tlumb .. Ebenaceae 2 2 0.62 
Dysoxyllll1l gohara (Buc\l.-I lam.) Merr. Meliaceae 42 62 14.07 
Elaeocmplls lallcijiJ/i1lS Roxb. Elaeocarpaceae 2 2 0.55 
Ficlls l1ertliJlia J.E.Sm. Moraceae 2 2 0.52 
/Ie/ida l1i1agirica Bedd. Proteaceae to 28 5.23 
/lex emheloides Hook.f. Aquifoliaceae 2 4 0.75 
Lindera latiji,/ia Hook.f. Lauraceae 8 to 2.45 
Lindera reticulata Benth. Lauraceae 8 8 3.16 
Litsea semicarpi/olia (Nees) Hook.f. Lauraceae 8 to 2.47 
Macaranga denticli/ata Muell.-Arg. Euphorbiaceae 4 4 1.47 
Macropanax dispermus (BI.) O.Ktz. Araliaceae 20 24 6.05 
Manglietia illSigl1is (Walt.) BI. Magnoliaceae 6 8 2.81 
Melia azedarac!J Linn. Meliaceae 2 2 0.52 
Myrica esclIlel1ta Uuch.-Ham. ex D.Don M)Ticaccac 2 2 0.55 



A~)'rsille semiserrata Wall. M}TSinaceae 2 2 0.52 
Persea homhycilla (King ex Ilk.f.) Koster. Lauraceae 2 2 0.52 
['(',.sea flan'!flora (Meissn.) lIaridasan et Rao [,auraceae 4 4 1.27 
I'ithecc/Iohmll/ lI/ol/adclp!lII'" (Roxb.) Koster. Mimosaccae 16 18 4.44 
PrIll/liS aClllllillata (Wall.) Dietr. Rosaceae 4 6 1.26 
Sapilldus ramk DC. Sapindaceae 2 2 0.52 
SchejJlera hypoleuca (Kurz) Harms Araliaceae 4 4 1.05 
Under canopy «8m height) 
Ca/op!Jyllum polyanthum Choisy Clusiaceae 2 2 0.52 
Cap paris aculifolia Sw. Capparaceae 24 28 6.92 
Coj/ea khasiana Hook.f. Rubiaceae 4 4 1.04 
Desmos longiflorllS (Roxb.) Safford. Annonaceae 6 6 1.60 
E,ythroxy/um Icul/thialllim Wall. ex Kurz. Erythroxylaceae 2 2 0.52 
Ficll., hirla var. roxhurghii (Miq.) King Moraceae 4 4 1.05 
Ilea chlnC!nJt" Hook.f. lteaceae 2 2 0.52 
b:ora suh.,es.'i/i., O.Don. Rubiaceae 10 10 3.23 
Litsea .w/icjfi'/ia (Roxb. ex Necs) Hook.f. Lauraceae 2 2 0.52 
Paramigllya micrantha Kur7. Rutaceae 6 6 1.56 
Phoehe /anceo/ata (Nees) Nees Lauraceae 2 2 0.52 
1';f(oS!'O/,WII !'oc!oe(l/1'/1", (ingncp. Pillospor:Jccric 6 6 1.65 
Sllrcococco pr"IIijimnis Lindl. Buxaccac 2 8 1.47 
Stercularia hamiltonii (O.Ktz.) Adelb. Sterculariaceae 4 6 1.38 
Slyrax sen1tiallim Roxb. St}Tacaceae 6 6 1.62 
Symptoms 1~1"'~f'olit1 Wnll. cx O. Don. Symplocaccae 6 6 1.66 
Symp/ocos sl'icoto Roxb S}TI1plocaceae 2 2 0.52 
Wend/andia lI'allichii W. & A. Rubiaceae 4 4 1.05 
Liana 
Fissisligma verrucosllm (Hook.f. & Th.) Merr. Annonaceae 10 14 3.09 
Afe/odiltlls "lOIlOKl'I/OIIS Roxb. Apocynaceae 2 2 0.52 
Row'ea minor (Gaertn.) Leenh. Connanaceae 10 12 2.92 
SchejJlera vemtiosa (W. & A.) Harnls Araliaceae 2 2 0.52 
Telrastigmc1/elicostal'hY/llm (Dcnnest. )Balak. Yitaceae 2 2 0.53 
7ill'idollthus clI(rplratlis IIook. f. & Th. Araliaceae 4 4 1.17 
Unidentified sp. 2 2 0.52 
Total 938 300 

Table S.2 c. Frequency (%), density (plant ha- I
) and IVI of woody species ~ Scm dbh) 

in mildly disturbed stand at (along. 

Plant s~ecies Famil~ Freguenc~ Density IVI 
Cano~~ la~er {>15m height} 
Ac('l' /acl'i~al1ml Wall. Accraccae 2 2 0.46 
A/bizia chinensis (Osb.) Merr. Mimosaceae 12 16 3.79 
Belliia a/no ides Buch. -Ham. ex D.Don Betulaceae 4 12 1.52 
Caslanopsis indica A.DC. Fagaceae 4 8 1.58 
Castanopsis plllplirella (Miq.) Balak. Frlgaceae 74 224 42.17 
Castllllopsis Irihll/oides (Sm.) DC. Fagaceae 24 28 6.09 
Cinl1omomllm hejo/gl/Ota (Buch.-IIam.) Sweet Lauraceae 2 2 1.93 
Cinnamomllm giandlllif'erum (Wall.) Meissn. Lauraceae 20 28 8.49 
Engelhardtia sflicata Leschn. ex BI. Juglandaceae 36 56 20.74 
El'Odia Iricoloma (Lour.) Planch. Rutaceae 10 10 2.42 
Ficus sp. Moraceae 2 2 12.71 
Ficus virens Ait. Moraceae 4 4 12.57 



LilhOWI'l'lIs cll..'~lIl1S (BI.) flatu!; ex Socp. Fagaceae 12 12 2.48 

Lithoct1Ipm fenestratlls (Hoxb.) Hehder. Fagaceae 4 6 0.96 

"('rsea oc/orati.uim" (Nccs) Kostcr. I.lltlraccae 14 14 4.28 

I'illll.~ /r.('.\'~1"1I I{oyle l'X. (LOolI l'illlllTIIC () () 1.72 

/'1'111111.' jem/r."/J.,;i Ilk. [ Rosaceae 2 4 0.56 
Sc:"lm" ... ,,1/"'''11 (DC.) Korth. Theaceae 42 88 17.49 
Spol7dia,v a"CiIlari,v Roxb. Anacardiaceae 4 8 1.26 
,~l'='l'Rilim (('(f"(1ROllllm (Wt.) KlIr7. Myrtaceae 18 22 7.10 
Subcanopy layer (8-15m height) 
Alangi,,", chilleme (Lour.) Harms Coranaceae 4 6 1.26 
Bielschmedia as,wmica Meiss". Lauraceae \2 \6 4.56 
('i/I'm /alipc.v (Swingle) Tanaka RlIlaccac 16 52 8.80 
Diospyros /w/d Thunb, Ebenaceae 24 32 6.29 
Docynia indica (Wall.) Oecne Rosaceae 6 6 2.98 
Erylhrina arhorescens Roxb. Fabaceae 2 4 0.58 
ElI/J'a oClimillato DC. Theaceae 2 2 0.40 
Ficlls concinlla Miq. Moraceae 2 2 0.84 
Ficus nerifolia J.E.Sm. Moraceae 2 2 0.53 
G/ochidion /allceo/arillm (Roxb.) Voigt Euphorbiaceae 6 10 1.58 
Helicia ni/agirica Bedd. Proteaceae 22 32 6.07 
Lindera lalifolia Hook.f. Lauraceae 30 48 8.01 
Lilldera naCIlSlla (O.Oon) Men. Lauraceae 8 8 1.65 
Li/.~ea citra/a BI. Lauraceae 2 4 0.63 
Afa('arcfl1~a dC/1/jclI/ala Mull .-Arg. Euphorbiaccae 4 4 0.90 
A(l'rica escli/ellla Buch.-Ilam. ex O.Oon Myricaceae 22 26 6.14 
Myr.~ine semiserrala Wall. Myrsinaceae 4 4 0.78 
Persea homhycina (King ex Hk.f.) Koster. Lauraceae 12 14 3.10 
Per.~ea P£11'\·t/1ora (Meissn.) Haridasan et Rao Lauraceae 2 2 0.45 
l'ilhecel/ohillnl l11onadcll"llIl11 (Roxb.) Koster. Mimosaceae 14 30 4.37 
I'nmllS aClimillal£l (WaIL) Oietr. Rosaceae 2 4 0.65 
Qllerclls Rriffilhii Hk.f. & Th. ex DC. Fagaceae 2 6 1.33 
Rhododendron arhoreum Sm. Ericaceae 6 8 1.60 
Rhlls a~lImillato DC. Anacardiaceae 36 50 10.90 
Schejj1era l~l'l'o/ellca (Kurz) Harms Araliaceae 14 18 3.17 
Vaccinillm sl'rengelii (G. Don) Rehd. Vaccinaceae 4 4 0.88 
Viburnum sim011Sii Ilk. f. & Th. Caprifoliaceae 8 12 2.13 
Undercanopy « 8m height) 
Aralia thomson;; Seem Araliaceae 2 2 0.39 
Ardisia griffithii CI. M}TSinaceae 2 2 0.40 
Brassaiopsis glomerll/ata (BI.) Regel Araliaceae 2 2 0.40 
Camellia calldala Wall. Theaceae 24 48 6.80 
Camel/ia caduca Cl.ex Brandis Theaceae 16 26 4.04 
Clemdendrum hracfeatllm Wall.ex Walp. Verbenaceae 8 8 1.57 
Coffea khasiana Ilk. f. Rubiaceae 20 26 4.49 
Cory/op.~i.f himalayana Griff. llamamelidaceae 6 8 1.36 
Croton oh/onglls Burm.f. Euphorbiaceae 2 2 0.40 
(vof/1ea sp. Cyatheaceae 6 10 1.81 
Eryllrrox)"{u/II kWlflrimlul/f Wall.ex Kurz Erythroxylaceae 4 4 0.79 
Em·yo ccrasi(o/io (D.Don) Kobllski Thcnccne 4 6 0.98 
ElI1)'ajapollica Thunb. Theaceae 2 2 0.39 
Ficus elmeri Merr. Moraceae 4 4 0.94 
Ficlls hirfa var. roxburghii (Mig.) King Moraceae 2 2 0.39 
hora .whsc.uilis G.Don Rubiaceae 2 2 0.39 
Lellcosceptrllm call1lm Sm. Lamiaceae 6 6 1.21 
Ligllsfrllm !'Obl/stum (Roxb.) BI. Oleaceae 6 8 1.42 
Lindera calldata Benth. Lauraceae 8 8 1.63 



Lyonia ovalijolia (Wall.) Drude Ericaceae 12 22 3.48 

Maesa indica (Roxb.) Wall. Myrsinaceae 14 14 2.76 

Afeyna spinosa Link Rubiaceae 20 28 5.80 
Microtropis discolor (Wall.) Am. Cclastraceae 2 2 0.41 
Phlogacantlllls thyrsij[orus (Roxb.) Nces Acanthaceac 10 12 2.19 
Phoebe lcmceolata (Nees) Nees Lauraceae 2 2 0.39 

PhyllanthllS sp. Euphorbiaceae 4 4 0.81 
Pyntlaria edulis A.DC. Santalaceae 12 14 2.81 
pYrlls pashia D.Don Rosaceae 8 8 2.06 
Ralldia grWithii Hk.f. Rubiaceae 4 4 0.80 
RIIIIS hooker;; Sahni & Bahad. Anacardiaceae 2 2 0.39 
RllIIs javanica Linn. Anacardiaceae 4 6 0.97 
Sarcococca prunijb,.mis Lindl. Buxaceae 12 18 3.19 
Sallrallia nepaulensis DC. Saurauiaceae \0 16 2.53 
Styrax hookerii CI. Styracaceae 6 6 1.20 
StyrCll: ser,.lIlatlim Roxb. Styracaceae 2 2 0.39 
Symplocos crataegoides D.Don Syrnplocaceae 4 4 0.83 
Symplocos spicata Roxb. Syrnplocaceae 6 6 1.25 
Unidentified sp. Unidentified 4 4 0.86 
Vihurnum joetidum Wall. Caprifoliaceae \0 10 1.97 
Wendlandia wallichii W. & A. Rubiaceae 8 \0 /.86 
Zanthoxylum acanthopodium DC. Rutaceae 2 2 0.40 
Liana 
Emhelia rest ita Roxb. Myrsinaceae 2 2 0.39 
Tetrastigma serrulatllm (Roxb.) Planch Vitaceae 2 2 0.39 
Toddalia asiatica (Linn.) Lamk Rutaceae 4 4 0.80 
1ilpidanlhus calyplralus Hook.f. & Th. Vitaceae 2 2 0.39 
Total 1340 300 

Table 5.2d. Frequency (%), density (plant ha-') and (VI of woody species ~ 5cm dbh) 
in mildly disturbed stand at Raliang. 

Plant s[lecies Famil~ Freguenc~ Density IVI 
Cano[l~ layer {>ISm height} 
Acer lael'igatllm Wall. Aceraceae 16 20 11.13 
Actinotiaplme ohm'ata (Nees) BI. Lauraceae 2 2 0.43 
Aiscodaplme pctiolaris Hk. f. Lauraceae 2 2 0.80 
Betll/a Cllnoid!'s Uuch.-Ilam. ex D.Don. Uctulaccae 4 4 0.90 
CClsttlllOpsis P1l17JII1'clla (Miq.) Balak fagaceae 64 130 33.81 
( 'il111£lmomllm hejo/glwta (Buch. -llam.) Sweet I,auraceac 2 2 0.39 
CiI111£lmOmlll1l g/alldll/!ferIl11l (Wall.) Meissn. Lauraceae 10 10 2.02 
Drimyclllp/lS racemoslls (Roxb.) Hk.f. Anacardiaceae 8 8 4.17 
Elaeocarpm sikkimensis Mast. Elaeocarpaceae 16 18 6.91 
Engelhardtia sp;eata Leschn. ex BI. Juglandaceae 18 24 7.07 
E\'Ociia triehotoma (Lollr.) Planch. Rutaceae 4 4 1.23 
Ficus a/t;ssillltl BI. Moraccae 2 2 0.53 
Fic/fS \'irens Ait. Moraceae 6 6 1.79 
Lithoell/pus elegans (BI.) Hatus ex Soep. Fagaceae 52 82 20.65 
Lithoemplls fenestrata (Roxb.) Rehder. Fagaceae 2 2 0.42 
LiI/7ocl1'lJII.f sp. Fagaceae 4 8 1.57 
Neolitsell cassia (Linn.) Koster. Lauraceae 10 12 3.49 
Persea otiorali.uima (Nees) Koster. Lauraceae 10 10 2.46 
Pinus kesiya Royle ex Gordon Pinaceae 4 4 1.21 



Pnmus jenkins;; Hook. f. Rosaceae 16 18 5.35 
Sarcosperma griffilhii CI. Sapotaceae 32 44 10.48 
Schima klwsiollo Dyer. Theaceae 4 8 8.55 
Sellin/a lI'al/iellii (DC.) Korth. Thcacc!lc 32 66 12.88 
Spondias Q'(i/laris Roxb. Anacardiaceae 10 10 5.89 
Syzygium lelragol1um (Wt.) Kurz Myrtaceae 8 12 2.52 
Subeanopy (8-15m beight) 
Bielschmedia a.uamica Meissn. Lauraceae 2 2 0.60 
Caryola urens Linn. Araceae 2 2 0.40 
Cinnamomllm tamala Fr. Nees Lauraceae 6 6 1.17 
DiospyT"OS Irak; Thunb. Ebenaceae 8 10 1.94 
Dy.mxylum gohllra (Buch.-lIam.) Merr. Meliaceae 16 26 4.12 
Ew)'a aC/lmil1ata DC. Theaceae 4 4 0.82 
Glochidion lanceolarillm (Roxb.) Voigt Euphorbiaceae 18 28 5.0 
Helicia nilagirica Bedd. Proteaceae 48 76 J6.35 
/lex emheloides Hk.f. Aquifoliaceae 2 4 0.77 
Lindera latifolia Hk.f. Lauraceae 12 18 3.17 
Lindera reticlIlata Benth. Lauraceae 4 6 1.27 
Iilsea cilrata BI. Lauraceae 14 16 3.81 
Litsea sem;earpifolia (Nees) Hook. f. Lauraceae 4 4 0.89 
Maearanga denlielilala Muell.-Arg. Euphorbiaceae 10 12 2.12 
Macropanax dispermus (BI.) O.Ktz. Araliaceae 16 16 4.41 
Manglietia ins ignis (Wall.) BI. Magnoliaceae 2 6 0.97 
"~I""ica l'.fcllk,,'a Buch.-J Jam. ex D.Don Myricaceae 18 32 5.62 
A~l'1'sine .w..'/1/iSerrafa Wall. Myrsinaccae 4 4 0.78 
Ostodes pOl1iculata BI. Euphorbiaceae 4 4 0.78 
Persea homhycina (King ex IIk.f.) Koster. Lauraceae 2 2 0.47 
/'crs{'a lJc/I,.(llo/"CI (Meissn.) lIaridnsan ct Rno Lnurnccae 10 12 2.76 
/,ilh('('cl/ohillllllllonodclpllllm (Roxb.) Koster. Mirnosaceae 28 40 7.07 
Rhus acuminata DC. Anacardiaceae 28 38 8.69 
Sapindm rarale DC. Sapindaceae 6 6 1.18 
Schefflera eiata (Buch.-Ham.) Harms AraJiaceae 2 2 0.50 
Sche.l}lera )~l"p(}lellca (Kurz.) Harms Araliaceae 20 28 4.85 
Undercanopy «8m height) 
Ardisia KrifJilhii CI. M)TSinaceae 2 2 0.40 
Brassaiopsis glomerulat£1 (BI.) Regel Araliaceae 2 2 0.41 
Calophyllllm pO~\"Cllltllllm Choisy Clusiaceae 2 2 0.43 
Capparis aCllti(i:Jlia Sw. C apparadaceae 2 6 0.72 
Clerodendl"lll1! hracleatum Wal1.ex Walp. V crbcnaccne 12 12 2.33 
C(?trea Ieha.~ial1a Hk.f. Rubiaceae 6 6 1.14 
ErythroxY!II/1/ klllrthial1um Wall.ex Kurz Erythroxylaceae 2 2 0.38 
EU01~l'mllS attel1l1alll.f Laws. Celastraceae fO fO 2.10 
Ficus /Jirw var. I'Oxhllrghii (Mig.) King Moraceae 6 6 1.18 
Ilca ehinellSi.~ I Jk. f. Jteaceae 2 2 0.38 
Ilea mocrof1hyl/o Wall. Itcaceae 18 34 5.48 
lxora Sllbsessilis G.Don Rubiaceae 2 2 0.38 
LigusIl"lIm rohuslum (Roxb.) BI. Oleaceae 10 10 1.97 
Linc/era caudafa Benth. Lauraceae 6 6 1.18 
LiHea salictfiJlia (Roxb.ex Nees) IIk.f. Lauraceae 2 2 0.39 
Litsea sehifera Pers. Lauraceae 4 6 1.22 
Lyonia oval(fi>/ia (Wall.) Drude Ericaceae 14 18 3.91 
Maesa indica (Roxb.) Wall. Myrsinaceae 4 4 0.78 
Ate)'na spinosa Link Rubiaceae 4 4 0.87 
Micromelum inleKerrimum (Roxb.) Wt.& Arn. Rutaceae 16 16 3.20 
Parami!{,'lla micral1fha Kurz Rutaceae 6 8 1.32 
Phoebe lanceolata (Nees) Nees Lauraceae 4 4 0.96 



Pittospol1lm podocwpum Gagn. Pittosporaceae 4 4 0.89 
PYl1llaria edulis A.DC. Santalaceae 2 2 0.42 
Rhus hooker;; Sahani & Bahad. Anacardiaceae 4 4 0.86 
Rlllls j£lvon;ca Linn. Anacardiaceae 4 4 0.84 
Sarcococca pruniform;s Lindl. Buxaceae 16 22 3.88 
Sal/rau;a nepaulensis DC. Saurauiaceae 4 6 0.96 
S~vrax serl1llalum Roxb. Styracaceae 48 88 13.68 
Symplocos cralaego;des D.Don Symplocaceae 6 6 1.16 
Symplocos pyrifolia Wall. ex G.Don Symplocaceae 12 12 2.50 
Symplocos sp;cala Roxb. Symplocaceae 2 2 0.40 
Unidentified sp. Unidentified 2 2 0.80 
Wendland;a wallichi; W.&A. Rubiaceae 22 30 6.53 
Liana 
Embelia subcoriacea (el.) Mez. Myrsinaceae 2 2 0.38 
Fissistigma verrllCOSlIm (Hk.(&Th.) Merr. Annonaceae 6 14 1.98 
Holhoellia laljfiJ/ia Wall. Lardizarbalaceae 2 2 0.40 
Millellia cinerea Benth. Fabaceae 4 4 0.79 
ROllrea minor (Gaert.) Leenh. Connanaceae 16 20 3.64 
Tetrasligma lellcostaphylum (Dennst.) Balak. Vitaceae 4 4 0.82 
Tlipidanthus calyplratlls Hk.f.& Th. Araliaceae 2 2 0.39 
Unidentified Liana Unidentified 2 2 0.40 
Total 1308 300 
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lower than that of the mature trees (Fig 5.8). However, in Rmd the contribution of 

basal area by intennediate dbh classes was comparatively higher than that of higher 

dbh (> 66cm dbh) class. 

Horizontal distribution pattern 

Majority of the species (85-93%) showed contagious distribution pattern in all 

stands. A small percentage (6-15%) was randomly distributed. Regular dispersion was 

seen only in case of Sarcosperma griffithii in Rsg (Table 5.3). 

Dominance distribution Pattern 

The dominance distribution curve showed high equitability and low dominance 

in all four stands (Fig. 5.9). Microtropis discolor and Engelhardtia spicata in Isg and 

Sarcosperma griffithii and Actinodaphne obovata in Rsg were dominant and 

codominant species respectively. However, in both the mildly disturbed stands 

Castanppsis purpurella was the dominant species. 

Table 5.3. Distribution pattern of woody species in the undisturbed and mildly 
disturbed stands at (along and Raliang. 

Stands Number of species (% of the total) 

Regular Random Contagious 

Isg 8 (10) 74 (90) 

Rsg 1 (I) 5 (6) 74 (93) 

Imd 9 (15) 51 (85) 

Rmd 7 (8) 86 (92) 

- indicates absence. 
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Diversity and Dominance 

Shannon and Wiener's diversity index for trees worked out using proportional 

density as well as Pielou's eveness index increased from the undisturbed stands (H-= 

3.42 and 3.SS, E = 0.S3 and 0.S6) to the mildly disturbed stands (H- = 3.78 and 3.87, 

E = 0.61) at Ialong and Raliang. A reverse trend was seen in case of Simpson's 

dominance index. which decreased with the increase in diversity index (Table S.I). 

Shrub and Herb components 

Species richness 

A total of 89 shrub species belonging to 69 genera was identified in 120 plots 

(S x S m quadrats) from all four stands. Standwise species richness is given in Table 

5.4. Mildly disturbed stands had higher species richness (59-61) than the undisturbed 

stands (46 - 49). For herbs a total of 91 species belonging to 72 genera and 39 

HuniIies, was identified in 120 (lxlm) plots examined in all four stands. As observed 

in the case of trees and shrubs the species richness of herbs also increased from the 

protected stands to the mildly disturbed stands. 

Family composition 

There were a total of 42 families of shrubs out of which Rosaceae and 

Rubiaceae, each with 6 species, was the dominant family followed by Myrsinaceae 

and Fabaceae (S species each) and Asteraceae and Verbenaceae with (4 species each). 

Twenty families were monospecific. Similarly. out of the 39 herbaceous families 

encountered in the study site, Rubiaceae and Lamiaceae were the dominant families 
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with 8 species each followed by Zingiberaceae with 7 species. Stand wise distribution 

of shrub and herb species is shown in the figure (5.10 a, b; 5.10 c, d). 

Table 5. 4. Diversity and community characteristics of shrub and herb species at lalong 

and Raliang. 

Shruh (along Raliang 

Isg Imd Rsg Rmd 

Area sampled (mz) 750 750 750 750 

Density ha- I 6427 10680 8067 11040 

Species richness 49 61 46 59 

Number of families 30 32 28 31 

Number of genera 39 44 37 43 

Shannon diversity index 3.40 3.76 3.04 3.72 

Pie lou evenness index 0.61 0.63 0.55 0.63 

Simpson dominance index 0.048 0.029 0.078 0.031 

Herb 
, 

Area sampled (m~) 30 30 30 30 

Density ( t 00m2
) 2470 2077 1607 1887 

Species richness 52 56 45 51 

Number of families 23 30 20 28 

Number of genera 43 50 39 46 

Shannon diversity index 3.26 3.59 3.30 3.45 

Pielou evenness index 0.57 0.62 0.60 0.61 

Simpson dominance index 0.067 0.036 0.049 0.043 

Frequency 

Majority of (78-88%) shrub species had < 20% frequency in both the 

undisturbed stands at Ialong and Raliang. The rest were distributed in B, C and D 

classes. The proportion of species in Class A declined to 69-81 % in the mildly 
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disturbed stands. Class E was completely absent in all the stands (Fig. 5.11). 

Psycho/ria en·a/ica in lsg, Euonymus /heifolius, Lasiall/hus sikkimellsis and 

Paramigylla micralltha in Rsg, Boehmeria sidaefolia and Brynea relusa, in Imd, and 

Rubus alceofoUolis and Sarcalldra glabra in Rmd had higher frequency than the other 

species (Table 5.5a - 5.5d). 

The distribution of herbaceous specIes 111 different frequency classes was 

slightly different from those observed in case of tree and shrub species. In all the 

stands 94 -100% of the species had <20% frequency. The frequency classes D and E 

were completely absent (Fig. 5.11). Globba clarkeii in Isg and Rsg and Isachne 

himalaica in Imd and Rmd were the most frequently encountered herbaceous species 

(Table 5.6 a -5.6 d). 

Density 

The shrub density in the four stands ranged from a minimum of 6427 to 11040 

individual ha-' . The undisturbed stands had lower shrub density than their 

corresponding mildly disturbed stands (Table 5.5 a - 5.5 d). In terms of density 

Sarcandra glabra had the maximum number of individuals (853 stems ha- I
) in lsg and 

Euollymlls theijiJlilfs (1347 stems ha-') in Rsg whereas, Brynea retusa with 573-800 

stems ha- ' ranked as the most abundant species in both the mildly disturbed stands. 

The mean herb density was 2470, 1607, 2077 and 1887 individual 100m2 in 

Isg, Rsg, hnd and Rmd respectively. In Isg, Globba clarke ii, Selagil1ella sp. and in 

Rsg, [sac/me himalaica and Globba clarke;; had the highest number of individuals, 
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Table 5.5 a. Frequency (%), density (plant ha-') and IVI of shrub species in 
undisturbed stand at (along. 

Name of species 
Achyranthes aspera Linn. 
Aralia thomsonii Seem. 
Ardisia gr!!Jithii Clarke 
Boehmeria pla(l1Jhylla D. Don 
Boehmeria sidaefo/ia Wedd. 
Bre)'l1ia retllsa (Dennst.) Aist. 
C01J·lopsi.v himalayal1a Griff. 
Cayratia japonica (Thunb.) Gagnep. 
Desmodium heterocmpom (Linn.) DC. 
Dioscorea Icamoonensis Kunth 
Emhelia sllhcoriaceae (Clarke) Mez. 
Emhelia l'e.vtita Roxb. 
Erythrox)'lum Iclll1thial1l1m Kurz. 
Ellol1),mm theifolills Wall. ex Laws 
Ficus c/al'Ota Wall. ex Miq 
FiclIS/ull'l1 BI. 
Ficus gasparrinia Miq. 
Gomphostemma pW"l'ijlol1lm Benth 
GOl1iothalamus sesqllipedalis (Wall.) Hk.f& Th. 
1111110 cappa (D.Don) DC. 
Jasmillllm dispermllm Wall. 
Jasminllm nepalense Spreng. 
Lasicmtlllls llicic/lls RI. 
Lasicmtlllls si!<k;mensis I look. f. 
Lindera calida/a (Nees) flook.f 
Maesa illdica (Roxb.) Wall. 
Neillia t/~l'rsijl(}ra D.Don. 
Ph/ogaccmtlmv pllhillen'is ·LAnd. 
Plectral1/hlls stria/us Senth. 
PoZvgonlim molle D.Don 
Pr;mep;a II/i/is Royle 
Psycho/ria clIn'!/lora Wall. 
Psychotr;a erratica flook.f. 
Rhvncho/ec/lIIm ellipticllm (Dietr.) A.DC. 
Rhyncholechum ves/illim Clarke 
Ralll'O/jia densijlora (Wall.) Hook.f. 
Rublls el/ipt;clls Smith 
Rubus assamens;s Focke 
Ruhus khas;anus Cordat 
Sarcandra glahra (Thunb.) Nakai 
Senecio cappa [lOon 
SIII//eria l'es/ita W. & A. 
Smi/ar: myrtilllls DC. 
Solollllm aCIi/calis.vimllm Jacq. 
1"cllc";lIm qllodr!fc/rillm Buell.-Ilam. 
1"riw7ifella tomell/osa Bojer 
Urena lohala Linn. 
Vihllrmlm.!iJc/idul11 Wall. 
Zalllhoxyilim (}x.lp/~J'l/lIm Edgew. 
Total 

Family 
Amaranthaceae 
Araliaceae 
Myrsinaceae 
Urticaceae 
Urticaceae 
Euphorbiaceae 
HamameJ idaceae 
Vitaceae 
Fabaceae 
Dioscoreaceae 
Myrsinaceae 
Myrsinaceae 
Erythroxylaceae 
CeJastraceae 
Moraceae 
Moraceae 
Moraceae 
Lamiaceae 
Annonaceae 
Asteraceae 
Oleaceae 
Oleaceae 
RlIbiaceae 
RlIbiaceae 
Lauraceae 
M)TSinaceae 
Rosaceae 
Acanthaceae 
Lam iaceae 
Polygonaceae 
Rosaceae 
RlIbiaceae 
RlIbiaceae 
Gesneriaceae 
Gesneriaceae 
Apoc)naceae 
Rosaceae 
Rosaceae 
Rosaceae 
Ch loranthaceae 
Asteraceae 
Fabaceae 
Smilacaceae 
Solanaceae 
Lam iaceac 
Tiliaceae 
Malvaceae 
Caprifoliaceae 
Rutaceae 

Frequency 
16.67 
3.33 
6.67 
3.33 
6.67 
20.00 
10.00 
13.33 
3.33 
16.67 
6.67 
10.00 
16.67 
10.00 
6.67 
6.67 
6.67 
13.33 
10.00 
16.67 
10.00 
10.00 
20.00 
40.00 
3.33 

20.00 
3.33 
6.67 
20.00 
26.67 
16.67 
33.33 
46.67 
23.33 
10.00 
13.33 
16.67 
6.67 
6.67 
40.00 
13.33 
13.33 
\3.33 
16.67 
3.33 
6.67 
3.33 
13.33 
13.33 

Density 
160 
\3 
27 
40 
80 
173 
53 
133 
27 
120 
27 
67 
93 
67 
40 
27 
67 
80 
80 
120 
67 
40 
120 
427 
13 

147 
27 
40 
200 
267 
93 

200 
453 
547 
107 
93 

213 
40 
40 
853 
200 
133 
227 
107 
13 
53 
27 
120 
67 

6427 

IVI 
4.96 
0.70 
1.40 
1.12 
2.23 
5.67 
2.31 
4.05 
0.91 
4.34 
1.40 
2.52 
3.93 
2.52 
1.61 
1.40 
2.03 
3.22 
2.73 
4.34 
2.52 
2.1\ 
4.84 
12.58 
0.70 
5.25 
0.91 
1.61 
6.08 
8.11 
3.93 
8.06 
13.98 
11.97 
3.14 
3.43 
5.79 
1.61 
1.61 

19.22 
5.09 
4.05 
5.51 
4.13 
0.70 
1.82 
0.91 
3.85 
3.02 
200 



Table 5.5 b. Frequency (%), density (plant ha- I
) and IVI of shrub species in 

undisturbed stand at Raliang. 

Name of species 
Acacia pennata (Linn.) Willd. 
Bochmeril1 P/CI(l1,hylla D. Don 
Bride/ia sp. 
Bnlcea mol/is Kurz 
Breynia ret usa (Dennst.) Alst. 
Capparis sp. 
Cinnamomum paucijlorum Nees 
Clerodendrum lasiocephalum Clarke 
Clerodendnlm wallichii Merr. 
Dioscorea Icoomensis Kunth 
Elaeagnus pyriformis Hook. f. 
Embelia parvijlora DC. 
Erythroxylum Icunthianum Kurz 
Euonymus lawsonii Clarke & Prain 
Euonymus thc{fhliuS Wall ex Laws 
Ficus c1avata Wall. ex Miq 
Ficusfulva BI. 
Ficus gasparrina Miq. 
F/cmingia macro"hylla (Willd.) Prain 
Gom!'hostcmma parvijlorum Benth. 
Goniothalamus sesquipedalis Hk.f. & Th. 
.Jasmilllfm loneeolarillm Roxb. 
.Jmmilllfm di.\l'ermllm Wall. 
Jasminlfm liepa/elise Spreng. 
Lasian/hus lucidus BI. 
Lmian//1If.~ sik/cimcnsis I look. f. 
!.indera caudala (Necs) lIook.f. 
"'laesa indica (Roxb.) Wall. 
MUllronio pinnata (Wall.) Harms 
Paramiw~ra micranlha Kurz 
Pass({lora edulis Sims. 
Pleclranl/Ills striatlfS Benth. 
Prinsepia uli/is Royle 
Pseuderanlhemum indicum (Nees) 
A.M.&J.M.Cowan 
Psychotria cun'ijlora Wall. 
Psycholria e'Talica Hook.f. 
R/~l'lIc"oleclllfm elliplicum (Dietr.) A.DC. 
Rauvolfia densijlora (Wall.) Hook.f. 
Ruhus alceifolius Poir. 
Rubus khasianlfs Cord at 
Sarcorancira g/ahra (Thunb.) Nakai 
Smilar{i.'rox Kunlh 
Smi/m: !,<'1:fiJliaICl Lour. 
Unidentified sp. 
Vilis heyneana Rocm. & Schult. 
Za11llloxylum oxyphyllum Edgew. 
Total 

Family 
Mimosaceae 
Urticaceae 
Euphorbiaceae 
Simaroubaceae 
Euphorbiaceae 
Capparaceae 
Lauraceae 
Verbenaceae 
Verbenaceae 
Di oscoreaceae 
Elaeagnaceae 
Myrsinaceae 
Erythroxylaceae 
Celastraceae 
Celaslraccae 
Moraceae 
Moraceae 
Moraceae 
fahaceae 
Larniaceae 
Annonaceae 
Oleaceae 
Olcaccac 
Oleaceae 
Rubiaceae 
Ruhiaceae 
Lauraceae 
Myrsinaceae 
Meliaceae 
Rutaceae 
Passifloraceae 
Lamiaceae 
Rosaceae 
Acanthaceae 

Rubiaceae 
Rubiaceae 
Gesneriaceae 
A pocynaceae 
Rosaceae 
Rosaceae 
Chloranthaceae 
Sl11ilacaceae 
Srnilacaccae 
Unidentified 
Vitaceae 
Rutaceae 

Frequency 
6.67 
10.00 
10.00 
16.67 
20.00 
3.33 
3.33 
6.67 

33.33 
6.67 
10.00 
30.00 
6.67 
3.33 

56.67 
3.33 
6.67 
6.67 
3.33 
3.33 
13.33 
3.33 
26.67 
23.33 
36.67 
56.67 
6.67 
6.67 
36.67 
70.00 
3.33 
6.67 
10.00 
6.67 

20.00 
6.67 
6.67 
10.00 
3.33 
3.33 
23.33 
10.00 
20.00 
10.00 
3.33 
10.00 

Density 
53 
107 
40 
187 
187 
13 
13 
40 

360 
27 
53 
373 
80 
27 

1347 
13 
27 
67 
53 
27 

267 
13 

333 
173 
293 
720 
27 
40 

413 
1293 

13 
80 
80 
53 

160 
67 
253 
53 
13 
27 
213 
67 
213 
40 
13 
53 

8067 

IVI 
1.60 
2.80 
2.00 
4.80 
5.30 
0.70 
0.70 
1.50 
9.40 
1.30 
2.10 
9.00 
2.00 
0.80 

25.00 
0.70 
1.30 
1.80 
1.20 
0.80 
5.30 
0.70 
8.10 
5.60 
9.00 
17.30 
1.30 
1.50 

10.50 
26.30 
0.70 
2.00 
2.50 
1.60 

4.90 
1.80 
4.10 
2.10 
0.70 
0.80 
6.10 
2.30 
5.60 
2.00 
0.70 
2.10 
200 



Table 5.5c. Frequency (%), density (plant ha-l) and IVI of shrub species in mildly 
disturbed stand at Ialong. 

Name of s(!ecies Fall1i1~ Fteguenc~ Densit~ IVI 
Achyramhes aspera Linn. Amaranthaceae 26.67 253 4.90 
Ardisia griflithii Clarke Myrsinaceae 10.00 67 1.57 
Artemisia nilagirica (Clarke) Pamp. Asteraceae 16.67 680 7.94 
Boehmeria platJ1Jhy/la D.Don Urticaceae 40.00 440 7.91 
Boehmeria sidaefolia Wedd. Urticaceae 43.33 360 7.47 
Breynia ret usa (Dennst.) Aist. Euphorbiaceae 60.00 573 11.02 
Cayratia japonica (Thunb.) Gagnep. Vitaceae 6.67 40 1.01 
Cor)'I0l'sis himah~rlllw GrifT. Ilall1amelidaceae 13.33 67 1.89 
Cassiajlorihllnda Cay. Fabaceae 13.33 187 3.01 
Celastrlls stY/OSliS Wall. Celastraceae 3.33 13 0.44 
Clerodendrum hracteatllm Walp. Verbenaceae 23.33 147 3.58 
Desmodiufll helerocarpum (Linn.) DC. Fabaceae /0.00 67 1.57 
Dioscorea Icamoonemis Kunth Dioscoreaceae 6.67 27 0.88 
Eilleagnus pyriformis Hook. f. Elaeagnaceae 6.67 27 0.88 
Emhe/ia .whcoriacea (Clarks) Mez Myrsinaceae 3.33 13 0.44 
Er)'throxylon klllllhianlim Kurz Erythroxylaceae 30.00 333 5.96 
Ellollymlls the(fo/ills Wall ex Laws Celastraceae 20.00 160 3.39 
Elipatorium adenophorllm Spreng. Asteraceae 23.33 280 4.83 
FicllS clamta Wall. Ex Miq. Moraceae 6.67 40 1.01 
Ficlls fit/Vel HI. Moraccae 6.67 27 0.88 
Ficlls gl1Spurrinillllll Miq. Moraceae 10.00 147 2.32 
Flemingia mucrophyllu (WiI\d.) Prain Fabaceae 16.67 160 3.08 
Cirardinia palmata (Forsk.) Gaud. Urticaceae 36.67 560 8.71 
(Jo1/iotlllllollll/S scquipedlllis (Wall.) IIK.f.&Th. Annonaceae 13.33 320 4.26 
lIe(~l'otis scandel1S D.Don Rubiaceae 23.33 320 5.20 
Jasminllm dispcrmllm Wall. Oleaceae 10.00 53 1.45 
.Jasmil1lff11 lallc('olar;um Roxb. Oleaceae 6.67 40 1.01 
.JlI.mlinll1n nepuiellse Spreng. Oleaceae 26.67 133 3.77 
Lantana camara Linn. Verbenaceae 26.67 413 6.39 
LasiclIJllllIs .~ikkime11Sis Hook.f. Rubiaceae 10.00 107 1.95 
Lindera caudata (Nees) Hook.f. Lallraceae 3.33 27 0.57 
Melastoma nepalcmis Lodd. Melastomataceae 10.00 227 3.07 
Maesa indica (Roxb.) Wall. Myrsinaceae 20.00 120 3.02 
Neil/ia th)'r.~ij1ora D.Don Rosaceae 30.00 280 5.46 
Passijlora edulis Sims. Passifloraceae 10.00 53 1.45 
Pass(tlora slipulata Aubl. Passifloraceae 3.33 27 0.57 
Ph/ogacalltlllls puhillen/is T.And. Acanthaceae 13.33 93 2.14 
Plectrantlrlls st";atlls Benth. Lamiaceae 40.00 520 8.65 
Prinsepia lit iUs Royle Rosaceae 3.33 13 0.44 
Prioptropis (l'ti.wides (Roxb.) W. & A. Fabaceae 16.67 120 2.70 
I'sycl/o/I'ia c/ll"l'(llora Willi. Ruhiaccac 30.00 267 5.34 
l'sycholria erralica Ilook.r RlIbiaceae 26.67 187 4.27 
Rlrynchotecllllm ellipticllm (Dietr) A.DC. Gesl1eriaceae 3.33 93 1.19 
iU/I'lIcl/II/('cllll'" "(',\'Ii/II", Clarke ( ;esl1eriaceae 20.00 213 3.89 
RII11/Is dlil'ticllS Sill ilh Rosaceae 3.33 13 0.44 
Ruhm a/ceijiJlills Poir. Rosaceae 23.33 213 4.21 
Rubus assamensis Focke Rosaceae 20.00 187 3.64 
Rllblls Ichas;ol1l1s Cord at Rosaceae 13.33 107 2.26 
8arcalldra glahra (Thunb.) Nakai Ch loranthaceae 20.00 213 3.89 
811l1/eria l'estita W. & A. Fabaceae 6.67 53 1.13 
Senecio cappa D.Doll Asteraceae 30.00 240 5.09 



- - -- ... -- - -- ~ 
Sit/a rhol1lhoici!liJ/ia Linn. Malvaccac 13.33 107 2.26 
Smi/ar: perro/iota Lour. Smilacaceae 13.33 133 2.51 
SOlOIll"II (/cull'ofi.uillllllll .loC'q. Snl:mnC'l'oe 2:\.1:\ 2()O 4.0R 
So/al/lIl11 AhllSilll/lI111 Clarke Solanaceae 2U.UU 133 3.14 
Symp/ocos cralaegoides D.Don Symplocaceae 6.67 40 1.01 
Tellcrium quadrifarium Buch.-Ham. Lamiaceae 40.00 307 6.66 
Trichosanlhes wallichiana (Ser.) wt. Cucurbitaceae 3.33 27 0.57 
Trillmfella lomentosa Bojer Tiliaceae 6.67 80 1.38 
Urena /ohala Linn. Malvaceae 20.00 240 4.14 
Zanthoxylum oX)'l!.hyllum Edgew. Rutaceae 13.33 93 2.14 
Total 10680 200 

Table S.Sd. Frequency (%), density (plant ha-1
) and (VI of shrub species in mildly 

disturbed stand at Raliang. 

Name of species Famil~ Frequency Density IVI 

Acacia pennata (Linn.) WiI\d. Mimosaceae 40.00 373 7.59 
Ardisia griffithii Clarke Myrsinaceae 10.00 107 2.02 
Boehmeria platyphylla D.Don Urticaceae 20.00 360 5.37 
Boehmeria sidaefolia Wedd. Urticaceae 16.67 200 3.57 
Bridclia sp. Euphorbiaceae 3.33 13 0.47 
Brllcell mollis Kur7. Simaroubaceae 6.67 80 1.42 
Bre)'nia 1"eIIlS£1 (Ocnns!.) AIs!. Euphorbiaceae 56.67 800 13.21 
Ca)'ratiajaponica (Thunb.) Gagnep. Vitaceae 6.67 53 1.18 
Cinnamol1lum f1allci(lorum Nees Lauraceae 16.67 93 2.60 
('1c1lltllis I",d/(II/ionll DC. Hallallculaccac 6.67 27 0.94 
('/erociencirum braelealum Walp. Verbcnaceae 26.67 267 5.22 
Clemdendrum lasiocephalllnJ Clarke Verbenaceae 10.00 133 2.26 
Clerodendron walliehii Merr Verbenaceae 13.33 93 2.25 
Dioscorea Iwmoonemis Kunth Dioscoreaceae 10.00 107 2.02 
Emhelia parviflora DC. M)-Tsinaceae 10.00 107 2.02 
Emhe/ia suhcoriaceae (Clarke) Mez. Myrsinaceae 3.33 13 0.47 
E'J"throx)'llim klinthiall1l11l Kurz Erythroxylaceae 36.67 320 6.76 
EIIOII),11IIIS theifolius Laws. Celastraceae 6.67 80 1.43 
Eupatorium adenophorllm Spreng. Asteraceae 13.33 240 3.58 
Ficus clavala Wall. ex Miq Moraceae 3.33 27 0.59 
Ficlls ./it/\'(J BI. Moraceae 3.33 27 0.59 
Ficlls ~l1sf1m"';lIil1l1a Miq. Moraccac 16.67 \33 2.96 
flcmilJ~il1 macrophylla (Willd.) Prain Fabaceae 20.00 413 5.85 
Gomphoslemma pl11Tijlorum Benth. Lamiaceae 40.00 560 9.28 
GOlliolha/amus sequif1cda/is (Wall.) Hk.f.&Th. Annonaceae 10.00 200 2.86 
lIod~sollia mocrocarl'a BI. Cucllrhitaceae 3.33 13 2.47 
.Iasminllm dispermllm Wall. Olcaccae 10.00 187 2.74 
Jasminllm lanceolarium Roxb. Oleaceae 16.67 107 2.72 
.Immillllm nepa/ellse Spreng. Oleaceae 16.67 160 3.20 
Lalllalla camara Linn. Vcrbcnaceae 20.00 200 3.92 
Lasiolll/1lIs /Ilcidus BI. Rubiaceae 13.33 160 2.85 
La.~ianlhlls sikkimensis Hook.f. Rubiaceae 10.00 120 2.14 
Lindera Clludata (Nees) Hook.f. Lauraceae \3.33 80 2.\3 
lIfc/asloma ncpa/eme Lodd. Melastomataceae 10.00 133 2.26 
lIfacsa indica (Roxb.) Wall. M)-Tsinaceae \3.33 80 2.13 
lIf1l1lronia pinnala (Wall.) Harms Meliaceae \3.33 160 2.85 
Mllssaenda roxhllr~hii Hk.f. Rubiaceae 3.33 \3 0.47 



Paramignya micranlha Kurz Rutaceae 20.00 213 4.04 
Pass(flora edulis L. Passifloraceae 3.33 13 0,47 
Neclremllms slrialUs Benth. I ,run iaccae 30.00 507 7.75 
Primepia uli/is Royle Rosaceae 6.67 67 1.31 
Psycholrill clwl'illora Wall. Rllhiaccae 20.00 213 4.04 
1'.~l'cllOlrilll!l'1'lI1 iCll I look. I: Rubiaceac 13.33 200 3.22 
Ralll'O/jia dem(llol'll (Wall.) Hook.1: Apocynaceae 40.00 520 8.92 
Ruhus e/lipliellS Smith Rosaceae 3.33 40 0.71 
Ruhus a/ce(folius Poir. Rosaceae 43.33 427 8,43 
Rubus assamensis Focke Rosaceae 10.00 213 2.98 
Rli/HIS khasial1lls Cordat Rosaceae 20.00 227 4.16 
Sacarcmcia ?,Iahm (Thunb.) Nakai eh loranthaceae 46.67 720 11,43 
Senecio cappa D.Don Asteraceae 10.00 107 2.02 
Smilax perfoliala Lour. Smilacaceae 26.67 213 4.74 
So/anum aculealissimllm Jacq. Solanaceae 13.33 120 2.49 
So/al/llm khmial/ul11 Clarke Solanaceae 10.00 80 1.78 
Tellcrium quadrifariu/1I Buch.-Ham. Lamiaceae 16.67 333 4.77 
Toddalia asiatica (Linn.) Lamk. Rutaceae 10.00 40 1.41 
Trillm!ella lomenlosa Bojer Tiliaceae 6.67 93 1.55 
Urena lohala Linn. Malvaceae 16.67 213 3.69 
Vilis heyneana Roem. & Schult. Vitaceae 10.00 53 1.54 
Zanthoxylum oxyphyl/um Edgew. Rutaceae 23.33 187 4.15 
Total 11040 200 



Table 5.6a. Frequency (%), density (plant 100m2
) and IVI of herb species in 

undisturbed stand at lalong. 

Achyrospermllm wal/ichial1l1m (Benth.) Hk.f. 
Aeginetia indica Linn. 
Anoectochi/m roxhllrghii (Wall.) Lindl. 
Ari.mema c011.wngllinellm Schott. 
Arisaema torlllOSlll11 (Wall.) Schott. 
Ba/anophora ciioica R. Br. 
Begonia po/mala D.Don 
Begonia sp 
Calan/he clavata Lindl. 
Carex jilicinia Nees 
COlllmelina pa/ucioS(l BI. 
Costll.~ specioslls (Koenig) Smith 
Cyanolis "'aga (Lour) J.A.& J.H.Schult 
(vclea bicristala (Griff.) Diels 
Dianel/a en.mta (Thunb.) R.J.Henderson 
Disporllm call1oniense (Lour.) Merr. 
E/aloslel1llllCl hookerianllm Wedd. 
E/sho/f=ia .~frohilirera (Benth) Benth 
ForresficCllllo/li.uilllCl (BI.) Kds. 
Globba clarkei Baker 
Gomphostemma n!ltans Hook. f. 
(fYI/lira cllsimhmCl (f).Don) S. Moore 
JJedychill/ll ("()ccinellm Sm ith 

Hedychillm e/lipiticlim Smith 
!leery'chillm gracile Roxb. 
Impatiens bellfllllmii V. Steenis 
Impatiens chinensis Linn. 
Impatiens drepanophora Hook.f. 
Impatiel/sjllripa Hk.f. & Th 
Impatiens khClsiana Hk.f. 
I.mclme himalaica JJook.f. 
Lophatherum gracile Brongn. 
Afa/ar:is /at~rolia Sm. 
Mlirdannia gigantea (Vahl.) Bruck. 
MlIrdallnia nlldijlora (Linn.) Brenan 
Ophiopogol1 pan'(fiorlls (Hk.f.) Hara 
0flhiorrhi=a IIl1tans Clarke 
I'acc/cria/hcfic/al,inn. 

/'a1lielllll ""cI'ili,!iltlll I.illll. 
I'assij/ora nepa/ensis Wall. 
Pilea lImhrosa Wedd. 
l'ogosfCm(/1I slriogslls (Bcntl1.) Benth. 
POllzolzia hirta (BI.) Hassk. 
Sclllel/aria discolor Benth. 
Selagille/la sp. 
Smithia ciliata Royle 
So/all 11m myriacanthlllll Dunal. 

Family 
Lamiaceae 
Orobancaceae 
Orchidaceae 
Araceae 
Araceae 
Balanophoraceae 
Begoniaceae 
Begoniaceae 
Orchidaceae 
Cyperaceae 
Commelinaceae 
Zingiberaceae 
Commelinaceae 
Men i sperm aceae 
Liliaceae 
Liliaceae 
Urticaceae 
Lamiaceae 
Commelinaceae 
Zingiberaceae 

Lamiaceae 
Astcraceae 
Zingiberaceae 
Zingiberaceae 
Zingiberaceae 
Balsaminaceae 
Balsaminaceae 
Balsam inaceae 

Balsaminaceae 
Balsaminaceae 
Poaceae 
Poaceae 
Orchidaceae 
Commelinaceae 
Commelinaceae 
Liliaceae 
Ruhiaceae 
Ruhiacc:tc 
I'o:lccac 
Passi tloraccae 
lJrticaccae 
Lamiaccae 
Urticaceae 
Lamiaceae 
Selaginellaceae 
Fabaceae 
Solanaceae 

Frequency 
6.67 
3.33 
3.33 
6.67 
6.67 
3.33 
6.67 
3.33 
3.33 
6.67 
10.00 
3.33 
10.00 
3.33 
10.00 
6.67 
10.00 
3.33 
13.33 
43.33 
3.33 
3.33 
3.33 
3.33 
6.67 
10.00 
3.33 
3.33 
3.33 
13.33 
33.33 
6.67 
3.33 
6.67 
6.67 
6.67 
6.67 
6.67 
13 . .13 
6.67 
3.33 
3.33 
3.33 
3.33 

36.67 
3.33 
3.33 

Density 
50 
7 
10 
10 
7 

27 
27 
57 
107 
10 
37 
7 

37 
3 
13 
17 
107 
40 
117 
460 
137 
3 
3 
7 

57 
53 
27 
23 
10 
33 

200 
50 
17 
13 
13 
10 
27 
7 

73 
10 
50 
10 
27 
27 
237 
40 
10 

IVI 
3.70 
1.11 
1.25 
2.09 
1.95 
1.92 
2.76 
3.13 
5.16 
2.09 
4.01 
1.11 
4.01 
0.98 
3.06 
2.36 
6.84 
2.46 
8.08 

29.55 
6.37 
0.98 
0.98 
1.11 
3.97 
4.68 
1.92 
1.78 
1.24 
4.71 
16.50 
3.70 
1.52 
2.22 
2.22 
2.09 
2.76 
1.95 
6.33 
2.09 
2.86 
1.25 
1.92 
1.92 
18.83 
2.46 
1.25 



Sonerila khasiana Clarke Melastomataceae 6.67 SO 3.70 
Spi/anthlls panic Illata DC. Asteraceae 3.33 33 2.19 
Torenia d(ffusa D.Don Scrophulariaceae 3.33 7 1.11 
Viola sikkimemis W.Becker Violaceae 3.33 13 1.38 
Zingiber rubens Roxb. Zingiberaceae 10.00 47 4.41 
Total 2470 200 

Table 5.6b. Frequency (%), density (plant 100m2
) and IVI of herb species in 

undisturbed stand at Raliang. 

Name ol.pee'e. 

Anoectochillis roxhllrghii (Wall.) Lindl. 
Anatis lI'ightiona Hk.f. 
Arisaema consanguine 11m Schott. 
Arisaema tortuosum (Wall.) Schott. 
Asparagus filicinllS Buch.-Ham. 
Begonia po/mota D.Don 
Begonia sp. 
Chirita ohlongifolia (Roxb.) Sinclair 
Colmada esculanta (Linn.) Schott 
Cost liS s/,ecio.Hls (Koenig) Smith 
C:vanotis vaga (Lour) J.A.&J.H.Schult. 
(rclea hicrislala (Gritf.) Diels 
Dial1clla el1sala (Thunb.) R.J. f Ienderson 
Disporum cal/tol/iense (Lour.) Merr. 
E/atostemma disectum Wedd. 
Elatostemma hookeriol1um Wedd. 
f1oscopCl sca/l(/ells Lour. 
CloMa clarkei Baker 
Gomphostemma ve/Iltinum Benth. 
lIel{l'chium ellipticum Smith 
Hedychium gracile Roxb. 
lIeterostemma alatum Wt. 
ImpaliefTs benlhamii V.Steenis 
Impatiens khasialla HK.f. 
Impatiens laevigata Hook.f. 
/sachne himalaica Hook.f. 
Lophotherum gracile Brongn. 
Alalaxis lalifolia Sm. 
Murdannia gigantea (Vahl) Bruck. 
Ophiopogon pl11T(flortis (Hk. f.) Hara 
(Jl'hio/'/'IIi:a "I/III.~(/S I.illll. 
"acderiafi>ctida Linn. 
/'(111;£'11111 hn:I'iji'/ilI111 Linn. 
Passijlora liepa/ens is Wall. 
Peliosanthes hake"; Hook.f. 
Pericampylus giollclls (Lamk.) Merr. 
Pi/eo u1/1brosa Wedd. 
Piper peepuloides Roxb. 

Family 

Orch idaceae 
Rubiaceae 
Araceae 
Araceae 
Liliaceae 
Begon iaceae 
Begoniaceae 
Gesneriaceae 
Araceae 
Zingiberaceae 
Commelianaceae 
Menispermaceae 
Liliaceae 
Liliaceae 
Urticaceae 
Urticaceae 
Commelinaceae 
Zingiberaceae 
Lamiaceae 
Zingiberaceae 
Zingiberaceae 
Asclepiadaceae 
Balsaminaceae 
Balsaminaceae 
Balsaminaceae 
Poaceae 
Poaceae 
Orchidaceae 
Commelinaceae 
Liliaceae 
Ruhiaceae 
Ruhiaccae 
Poaccac 
Pass i fl oraceae 
Liliaceae 
Men ispennaceae 
Urticaceae 
Piperaceae 

Frequency Density 

)0.00 10 
6.67 17 
10.00 17 
6.67 10 
10.00 13 
3.33 17 
3.33 17 
3.33 7 
3.33 3 
6.67 13 
6.67 33 
6.67 10 
3.33 3 
3.33 7 
6.67 60 
6.67 70 
10.00 SO 
20.00 130 
3.33 23 
3.33 3 
3.33 7 
16.67 27 
13.33 60 
3.33 10 
6.67 83 
20.00 167 
20.00 70 
10.00 20 
6.67 17 
3.33 7 
13.:n 117 
3.33 7 
6.67 43 
3.33 7 
6.67 100 
3.33 3 
6.67 83 
3.33 7 

IVI 

3.60 
3.00 
4.00 
2.60 
3.80 
2.00 
2.00 
1.40 
1.20 
2.80 
4.00 
2.60 
1.20 
1.40 
5.70 
6.30 
6.10 
14.00 
2.40 
1.20 
1.40 
6.60 
7.70 
1.60 
7.10 
16.30 
10.20 
4.20 
3.00 
1.40 
11.20 
1.40 
4.70 
1.40 
8.20 
1.20 
7.10 
lAO 



Po/yura gem inola Hook.f. Rubiaceae 6.67 63 5.90 
Scu/el/aria disc%r Benth. Lamiaceae 10.00 33 5.00 
Se/agine/la sp. Selaginellaceae 16.67 97 10.90 
So/allum myriaeallthum Dunal. Solanaceae 6.67 10 2.60 
Trichosanthes hima/ensis Clarke Cucurbitaceae 3.33 3 1.20 
Viola sikkimemis W.Becker Violaceae 3.33 10 1.60 
Zillgiher ruhem Roxb. Zingiberaceae 10.00 433 5.60 -_._-. -

Total 1607 100 

Table 5.6c. Frequency (%), density (plant 100m2
) and IVI of herb species in mildly 

disturbed stand at Ialong. 

Name of species Family Frequency Density IVI 
Achymspermllm wal/ichianum (Benth.) Hk.f. Lamiaceae 3.33 7 1.10 
Aegine/ia indica Linn. Orabancaceae 3.33 7 1.10 
Arisaema consanguineum Schott. Araceae 6.67 33 3.20 
Begollia po/mota D.Don Begoniaceae 6.67 40 3.50 
Begonia sp. Begoniaceae 3.33 20 1.80 
Borreria arlicu/aris (L.f.) F.N. Williams Rubiaceae 3.33 13 1.40 
Carc/amine hir.mfa Linn. Brassicaceae 3.33 10 1.30 
Care.\: fllieillia Nces. Cyperaccae 3.33 3 1.00 
C%casia eselilenta (Linn.) Schott Araceae 3.33 3 1.00 
('ommelina pa/Ilc/osa 81. Commelinaceae 10.00 30 3.80 
C(}StllS specio.ms (Koenig) Smith Zingiberaceae 6.67 7 1.90 
Crassoeep/taillm crepidioides (Benth.) Moore Asteraceae 6.67 10 2.10 
(rallo/is voga (Lour) J.A.&JJtSchult. Commelinaceae 20.00 107 9.90 
Drymaria corda/a (Linn.) Roem & Schult. Caryophyllaceae 6.67 117 7.20 
Elatos/emma /tookeriallllm Wedd. lJrticaceae 6.67 40 3.50 
E/sho//zia blanda (Benth.) Benth. Lamiaceae 6.67 13 2.20 
EisllOltzia s/mhilifera (Benth.) Benth. Lamiaceae 3.33 47 3.00 
Fm7'eslia molli.uima (BI.) Kds. Commelinaceae 6.67 37 3.40 
Galin.wga pan'ijlo/'£1 Cay. Asteraceae 13.33 113 8.70 
Glohha c1arkei Baker Zingiberaceae 16.67 97 8.70 
GYIIIlra cusimhllsa (D.Don) S. Moore Asteraceae 3.33 3 1.00 
IIct~rchilim sr. Zingiberaceae 3.33 13 1.40 
lll'c~I'o/is lel/cl/i/lora 81. Ruhiaccae 6.67 63 4.60 
lIec(rotis Ilncinel/a lIook. & Arn. Ruhiaccae 3.33 17 1.60 
Nl'dmcoty/e javanica Thunb. Apiaceae 6.67 27 2.90 
Impatiens helltlw11Iii V.Steenis Balsam inaceae 16.67 93 8.50 
Impatiens chillcl/sis Linn. Ualsaminaceae 13.33 83 7.20 
Impa/iens khasiana Hk.f. Balsaminaceae 6.67 17 2.40 
Isaclme hima/aica Hook.f. Poaceae 36.67 170 17.00 
Lellclis ciliata Benth. Lamiaceae 6.67 10 2.10 
Lopholhcrllm gracile Brongn. Poaceae 20.00 93 9.30 
Lycopodium sp. Lycopodiaceae 3.33 7 1.10 
Malaxis /al((olia Sm. Orchidaceae 3.33 17 1.60 
Mlirc/annia gigcll1tae (Vahl.) Bruck. Commelinaceae 10.00 17 3.20 
Ophiophogon 1>aITiflorlis (Hk.f.) Hara Liliaceae 6.67 7 1.90 
Ophiorrhiza "Wam Clarke Rubiaceae 3.33 13 1.40 



Oxalis corniculata Linn. Oxalidaceae 6.67 13 2.20 
Paederia/oetida Linn. Rubiaceae 3.33 7 1.10 
Phyllanthus urinaria Linn. Euphorbiaceae 3.33 7 1.10 
Pi/ea umbrosa Wedd. Urticaceae 10.00 60 5.30 
Plantago erosa Wall. Plantaginaceae 3.33 10 1.30 
Pogostemon slrigosus (Benth.) Benth. Lamiaceae 3.33 27 2.10 
Polygonum barbatum Linn. PoJygonaceae 10.00 43 4.50 
Polygonum capitatum D.Don Polygonaceae 6.67 37 3.40 
Po/ygonum dibotrys D.Don Polygonaceae 3.33 60 3.70 
Poten/illa/uigens Wall. Rosaceae 3.33 13 1.40 
Pouzo/zia hirta (Bl.) Hassk. Urticaceae 6.67 27 2.90 
Pratia begoniifolia (Wall.) Lindl. Campanulaceae 10.00 30 3.80 
Scutellaria discolor Benth. Lamiaceae 13.33 40 5.10 
SelagineJ/a sp. Selaginellaceae 13.33 97 7.90 
Smithia ciliata Royle Fabaceae 6.67 43 3.70 
Solanum myriacanthum Dunal. Solanaceae 3.33 7 1.10 
Sonerilla khasiana Clarke Melastomataceae 3.33 20 1.80 
Spilanthes sinense (Pers.) Ames Orchidaceae 6.67 113 7.10 
Torenia diffusa D.Don Scrophulariaceae 3.33 10 1.30 
Viola sikkimensis W.Becker Violaceae 6.67 10 2.10 

Total 2077 200 

Table 5.6d. Frequency (%), density (plant 100m2
) and IVI of herb species in mildly 

disturbed stand at Raliang. 

Name of species Family Frequency Density IVI 
Anoectochilus roxburghii (Wall.) Lindl. Orch idaceae 3.33 3 0.90 
A,.;saema consanguineum Schott Araceae 13.33 20 4.00 

Arisaema lorluosum (Wall.) Schott. Araceae 16.67 33 5.40 

Asparagus filicinus Buch.-Ham. Liliaceae 10.00 13 2.90 

BeKonia I'll/mala D.Don Begoniaceae 6.67 40 3.60 

BeKol1ia sp. Begoniaccae 6.67 30 3.00 

Carex jilicil1ia Nees. Cyperaceae 6.67 7 1.80 

Chirilia oblongifolia (Roxb.) Sinclair Gesneriaceae 6.67 13 2.20 

Commelina paludosa BI. Commelinaceae 6.67 23 2.70 

Coslus speciosus (Koenig) Smith Zingiberaceae 16.67 30 5.20 

Cyanolis vaga (Lour.) J.A.&J.H.Schult. Commelinaceae 13.33 70 6.60 

C)c/ea bicristala (Grift) Diels. Men ispermaceae 6.67 7 1.80 

DianeI/o el1sata (Thunb.) R.J.Henderson Liliaceae 3.33 3 0.90 

Disporum canloniensis (Lour.) Merr. Liliaceae 6.67 20 2.50 

Fern sp. Polypodiaceae 3.33 7 1.10 

Floscopa scandens Lour. Commel inaceae 3.33 13 1.40 

Galinsoga parviflora Cav. Asteraceae 6.67 50 4.10 

Globba clarkei Baker Zingiberaceae 16.67 93 8.60 

Gomphos/emma veJutinulI1 Benth. Lamiaceae 6.67 10 2.00 

Hedychium stel1opela!um Lodd. Zingiberaceae 3.33 7 1.10 

Hedyotis lenel/iflora BI. Rubiaceae 3.33 67 4.30 

Hedyolis IIl1cillel/o Ilk. & Arn. Rubiaccac 6.67 23 2.70 

/lelcrostClIllIIll alallllll Wl. Asclcpiadaccac 13.33 23 4.20 

impaliens benlhamii V.Sleenis Balsaminaceae 26.67 123 12.40 



Impatiens chinellSis Linn. Balsaminaceae 10.00 57 5.20 
Impatiens laevi1(ata Hook.f. Balsaminaceae 6.67 20 2.50 
I.mc//lle Itimalaica I look. r. Poaccac 30.00 217 18.10 
l.op/l£llltcrlllll Kraci/e Brongn. Poaccae 20.00 107 10.00 
Malaxis latifhlia Sm. Orchidaceae 10.00 33 4.00 
MlIrdannia 1(i1(al1lae (Vahl.) Bruck. Commelinaceae 13.33 30 4.50 
('l'hiol'oKon '''/IT!I/orus (Ilk. f.) Ilara Liliaccac 3.33 3 0.90 
(Jl'hiorrhb1 m1ll1Ros Linn. Rubiaccac 6.67 40 3.60 
Ophiorrhiza nlltans Clarke Rubiaceae 6.67 20 2.50 
Paederiafoetida Linn. Rubiaceae 3.33 3 0.90 
PaniclI'" bre\'~rolillm Linn. Poaceae 13.33 87 7.50 
Pass(l/ora nepalensis Wall. Passifloraceae 13.33 30 4.50 
P/~l'/Iantlllls lIrinaria Linn. Euphorbiaceae 3.33 3 0.90 
Piper peepliloides Roxb. Piperaceae 3.33 7 1.10 
Plantago erosa Wall. Plantaginaceae 3.33 7 1.10 
Polygonllm viscosllm D.Don Polygonaceae 6.67 20 2.50 
PO(VlIra gemil1ata Hook.f. Rubiaceae 6.67 57 4.50 
POII::ol::ia hirta (BI) Hassk. Urticaceae 3.33 17 1.60 
SClllellaria discolor Benth. Lamiaceae 20.00 77 8.40 
Se/aginella sp. Selaginellaceae 13.33 123 9.50 
So/anllm myriacantllllm Dunal. Solanaceae 3.33 7 1.10 
Sl'ilantlllls panicli/ata DC. Asteraceae 6.67 30 3.00 
Slrohiiantites Sp. Acanthaceae 10.00 97 7.30 
Torenia d(Oilsa D.Don Scrophulariaceae 3.33 7 1.10 
Tricosanthes himalensis Clarke Cucurbitaceae 10.00 10 2.70 
Viola siHimemis W.Aecker Violaceae 6.67 10 2.00 
Zingiher ,."hens Roxb. Zingiberaceae 6.67 40 3.60 
Total 1887 200 



whereas in both the mildly disturbed stands Isachne himalaica ranked as the most 

abundant species Crable 5.6 a - 5.6 d). 

Horizontal distribution pattern 

The spatial distribution pattern of shrub species was similar to that of woody 

species (~5cm dbh). In all the stands 93-100% of the species showed contagious 

distribution pattern and only 2-7% showed random dispersion. Regular dispersion was 

completely absent. However, the dispersion pattern observed in case of herbaceous 

species was entirely different. All the species were contagiously distributed; regular 

and random distribution was absent (Table 5.7). 

Table 5.7. Distribution pattern of shrub and herb species in the four stands. 

Shrub 

Isg 

Rsg 

Imd 

Rmd 

lIerb 

Isg 

Rsg 

Imd 

Rmd 

Number of species (% of the total) 

Regular Random Contagious 

58 

2 (4) 

1 (2) 

4 (7) 

47 (96) 

45 (98) 

57 (93) 

59 (100) 

52 (100) 

45 (l00) 

56 (100) 

51 (100) 



Dominance distribution pattern 

The dominance distribution pattern f()r shrub and herb species was similar to 

that of woody species. It fitted a lognonnal distribution with high equability and low 

dominance (Fig. 5.12). 

Diversity and dominance 

Shannon diversity index and Pielou eveness index for shrub and herb species 

was higher in the mildly disturbed stands as compared to undisturbed stands. 

Ilowever, the dominance index showed a reverse trend with higher values in the 

undisturbed stands (Table 5.4). 

Similarity Index 

The two undisturbed stands of the sacred groves were more similar to their 

respective mildly disturbed stands than themselves. The shrub and herb components 

showed higher similarity than that of the tree component (Table 5.8). 

Table 5.8. Index of similarity between trees, shrubs and herbs in the four stands. 

Stands Trees Shrubs Herbs 

Isg and Imd 67.82 70.90 64.81 

lsg and Rsg 48.18 52.63 61.86 

Rsg and Rmd 69.36 74.29 72.92 

Discussion 

The tropical ram forests, which are characterized by highly complex 

community organization, have five to six strata (Whitmore 1975, Richards 1996). The 
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Fig. 5.12. Dominance diversity curve of shrub (A) and herb (8) species in the 
undisturbed (Isg, Rsg) and mildly disturbed stands (Imd, Rmd) at 
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top or the A strata is composed of emergent trees. The Band C stratum represents a 

continious canopy layer onen with no distinction between the two (Ashton and Hall 

1992, Richards 1996). In the sacred groves the emergent trees were absent and its A 

and B layer can be compared to the Band C layer of the tropical rain forests. The 

average tree height is comparable to the height of B strata of the tropical forests at 

Moraballi and Sarawak (Richards 1996). However, in tenns of species composition, 

diverse plant fonns, stratification (4-5 layers) and average tree height of the overs tory 

(15-25m) it resembles more with the sUbtropical evergreen broad-leaved forests of 

South China (Box 1995 and Min Coa 1996). The shorter tree height is often linked 

with nutrient poor soil conditions and dry cJimate (Whitmore 1975, Sahanula 1995 

and Visalakshi 1995). In the present case neither the climate is dry nor the soil fertility 

appears to be low. therefore, it may be presumed that shorter tree height may be 

related to altitude (Whitmore 1975, Grubb 1977. Aiba and Kitayama 1999). 

It has been argued by several workers (cf. Brown 1981) that productivity of 

the system and structural complexity or heterogeneity detennines species richness in 

the community. Others (Putman 1(94) have argued that neither environmental 

productivity nor structural complexities seem sufficient of their own to explain the 

observed pattern of species richness. Slobodkin and Sanders (1969) opined that 

species richness of any community is a function of severity, variability and 

predictability of environment in which it develops. Therefore, diversity is seen to 

increase as environment become more favourable and more predictable (Putman 

19(4). Although it is diflicult to explain the causes of high species richness in the' 
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sacred grove communities with the available data, it seems that favourable climatic 

condition of the area and protection over a long period of time have played major role 

in making the community highly complex and species-rich. In this respect they are 

similar to tropical forests at Luquillo Mountains in Puerto Rico (Weaver and Murphy 

1990), Papua, New Guinea (EdwardsI977, Edwards and Grubb 1977) and Yanamono, 

Peru (Gentry 1988). 

The forests in which only one tree species constitutes 50-80% of the canopy 

trees have been considered as low-diversity forests (Connell and Lowman 1989). On 

the basis of this criterion, the sacred groves may be regarded as high-diversity forest 

since about 28% of the tree species were present in the canopy layer. The intensity of 

disturbance was less in the disturbed stands at Ialong and RaJiang; it indicates that 

disturbance of mild intensity results in the increase of species richness. Disturbance is 

widely believed to be one of the main factors influencing variations in species 

diversity (Conell 1978, Huston 1994, Noss 1996). Intermediate intensity of 

disturbance favours the coexistence of competitive species as well as disturbance­

toler~nt species thereby increasing species richness. This seems to be the main reason 

for high species richness of the mildly disturbed stands, which was similar to the 

protected sacred forest in respect to other community attributes. Disturbance often 

leds to the creation of treefaH gaps with varied microenvironmental conditions which 

favours many light demanding species to germinate. 

Spatial distribution of species richness was not uniform in the forest; rather 

the groves were mosaic of low and high diversity patches. This seems to be the result 
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of the combined effect of non-extreme stable environmental conditions and gap phase 

dynamics within the lorest (Whittaker 1972). 

Since majority of the species were contagiously distributed and frequency 

class A was dominant in all the stands, the forest may be termed as highly 

heterogeneous and patchy in terms of species distribution. Poore (1968), Ashton 

(1969), and Herwitz (1981) have described tropical rain forests as highly patchy 

community primarily due to gap-phase dynamics. Clumping of individuals of the 

same species is often clearly related to gap formation and dispersal mechanism of the 

species. Armesto et 01 (1986) compared the dispersion pattern of trees in tropical and 

temperate climates in different parts of the world and concluded that clumping was 

characteristic of forest in which fonnation of canopy gaps was the chief source of 

disturbance. Hubbell (1979) in dry tropical forest observed that all species were either 

clumped or randomly dispersed, with rare species more clumped than common 

species. Whitmore (1990) has also reported patchy distribution of ground flora in 

most of the tropical rain forests. 

The tree species represented by one or two individuals in each stands have 

been considered as rare species and they constituted about 42% to 52% of the total 

species. Number of individuals of such species are probably kept low by a 

combination of unfavourable regeneration conditions, lack of appropriate habitat, or 

both (Hubbell 1979). In this respect also the sacred groves are similar to tropical 

forests, which are known to possess large number of rare tree species. For example, 

Paijmans (1970), Thorington et al. (1982), and Parthasarathy and Karthikeyan (1997) 
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reported that 50% species in New Guinea, 40% in Barro Colorado Island, Panama, 

and 47% in the Western Ghats forests respectively were rare. 

Abundance of young individuals in both the groves, a characteristic feature 

of vegetation on moist and infertile soil (Coomes and Grubb, 2000) indicates slow 

rate of seedling and sapling growth in the understorey, relatively low rate of seedling 

mortality. It may also be due to tree-fall gaps having varied micro environmental 

variability (Rao et al 1997), which might have favoured the tree species having 

different regeneration requirements (Phillips et al 1994). The preponderance of young 

individuals in the mature forest has also been reported from Brazalian Amazon 

(Campbell et at 1992), Costa Rica (Nadkarni et at 1995) and Western Ghats 

(Parthasarathy 2001). 

The basal cover (ranging from 36.52 m2 ha-I and 71.44 m2 ha-') ~n both 

Ialong and Raliang is close to other tropical forests such as equatorial forest (10-45 m2 

ha-I
) in Kango Island, Zaire (Mosango 1991), tropical rain forest (78 m2 ha-') in 

Amazonia (Campbell et al 1992). lower montane forest (62 m2 ha- I
) in Costa Rica 

(Nidkarni ef al (995), evergreen forest (55-94 m2 ha-' ) of Kalakad in Western Ghats 

(Parthasarathy et al 1992), and in dry evergreen forest (32.8 m2 ha-' ) of Puthupet, 

South India (Parthasarathy and Sethi 1997). 

The dominance-distribution curve showed a lognormal distribution. A 

logarithimic or broken-stick distribution reflect that the community is primarily 

ordered in respect of one dominating factor, while lognormal distribution represents a 
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more complex community, ordered by a mUltiplicity of interaction (May1975). The 

latter appears to be true for the sacred grove communities under study. 
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CHAPTER VI 

SOIL BIOLOGICAL PROCESSES IN SACRED GROVES 

The changes in vegetation composition can produce substantial changes in 

carbon and nitrogen dynamics and may accelerate or constrain future changes in 

ecosystem structure and function (Chapin 1993, Hooper and Vitousek 1997, 

Tilman el al 1997). The removal of tree biomass and changes in the land use in the 

long-term may lead to decline in soil organic matter which is of crucial 

importance for maintaining the fertility of highly weathered tropical soils and for 

ensuring sllstainability of agricultural systems developed on these soils (Benrot 

and Robertson 1994). Microbial biomass is an important source of soil organic 

carbon and inorganic mineral nutrients. Their role in nutrient cycling is well 

established both in mature and degraded forest ecosystems (Smith and Paul 1990, 

Fenn et a11993. Arunachalum et aI1999). Wolters and Joergensen (1991), Wardle 

(1992), Bauhus and Khanna (1994) and Beek et af (1995) have reported that the 

quantity and composition of microbial biomass is sensitive to changes in the soil 

chemical and physical environment. It is influenced by temperature, moisture 

content. clay content and pH of the soil both in natural and disturbed ecosystems 

(Carter 1986, Kaiser el al 1992, Oestel et al 1993, Hassink et af 1993). Seasonal 

changes in atmospheric condition may also influence microbial number (Diaz­

Ravina el al t 993) and mass (Granatstein el al 1987, Lynch and Panting 1981). 
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Soil microbial biomass is also afTected by forest management practices (Ohtonan 

et at 1992. Bauhus and Barthel 1995, Pietikainen and Fritze 1995) and it increases 

proportionately with forest productivity (Myrold et at 1989) and forest age (Hale 

el at 1999). 

Nitrogen mineralization is of crucial importance in natural forest 

ecosystems. where N has been reported to be a limiting nutrient for plant growth. 

The species composition and primary productivity of terrestrial ecosystems are 

strongly affected by the rates at which N is supplied to the plants (Chapin 1980, 

Berendse 1983, Wedin and Tilman 1990, OItT et aI1994). In the forest ecosystem 

the supply of N is influenced by litter quality, its input and decay rate (Verchot et 

at 200 I). Since mineralization of organic soil N is fundamentally linked with 

forest productivity, attention is shifting from static measures of N-availability to 

more dynamic measures of N-release (Keeney 1980). In part, this emphasis 

represents the continuation of a long-standing concern among forest scientists over 

the possibility that forest clearing causes nutrient losses that could affect the long­

term productivity of a site. Element losses following disturbance have also been 

used to characterize the degree of homeostasis in forest biogeochemical cycle and 

have been suggested as a useful measure of ecosystem-level stability (Borman and 

Likens 1979). 

In the state of Meghalaya degradation of natural forests is a wide spread 

phenomenon, so much so that the sacred groves which were protected through 

ages. are also being encroached upon by the indigenous tribes themselves for their 
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timber and fuel wood needs. In this chapter data on seasonal dynamics of 

microbial biomass carbon and N-mineralization rate in the undisturbed and mildly 

disturbed stands of the sacred groves have been presented and an attempt has been 

made to assess the impact of disturbance on these two functional attributes of the 

edaphic complex. 

Results 

Microbial biomass Carbon (MBC) 

The MBC showed significant (P< 0.01) monthly variation in all four stands; 

the values were low during rainy season and high during winter (Fig. 6.1). In the 

undisturbed stands the minimum value of 446.9 Jlg g-I was recorded in the month 

of July and maximum (1205.6 Jlg g-I) in Januaryl In the mildly disturbed stands 

the value ranged from a minimum of 292.51 ~lg g-I in August to a maximum of 

809.6 ~g g-' during the month of February. The values were significantly (P< 

0.0 I) lower in the mildly disturhed stands than the undisturhed stands of both the 

sacred groves. 

A significant (P< 0.01) depth wise variation was seen both in the 

undisturbed as well as in the mildly disturbed stands of the sacred groves (Table 

6.1). In the surface soil (0-1 Ocm) layer of the undisturbed stands, the value ranged 

from a minimum of 446.93 ~g g-I to a maximum of 1205.6 ~g g-I in Rsg. In the 

subsurface (l0-20cm) layer it varied between 419.76 ~g g-I in Rsg to 809.6 ~g g-I 
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in Isg. In the mildly disturbed stands. it varied between 292.51 and 809.6 Jlg g-I in 

the topsoil layer and 283.98 to 699.60 IJ.g g-I in the subsurface layer. 

The percentage contribution of MBC to the total soil organic carbon 

content was higher in the undisturbed stands than the mildly disturbed stands 

Crable 6.2). Similarly, its contribution in the topsoil layer (O-lOcm) was higher 

than the subsoil layer. except in the case of Rmd where the contribution was 

higher in the subsurface layer Crable 6.2). It also exhibited a marked seasonal 

trend with peak contribution during winter season and minimum share during 

rainy season at both the depths in almost all stands. 

Ammonium- nitrogen (NH .. + -N) 

NH4 + -N was the dominant fonn of inorganic' nitrogen in soils of all stands. 

It varied significantly (P < 0.0 I) between stands, months and soil depths. The 

undisturbed stands soils had significantly higher NH/-N than the mildly disturbed 

stands. In the femner it ranged between I 1.04-19.51 ~lg g-I and 9.34-17.56 IJ.g g-I 

in the surface and subsurface soil layers, respectively. Whereas, in the mildly 

disturbed stands the corresponding values for the two soil layers were 4.75 -11.14 

Jlg g-I and 3.89 - 9.68 Jlg g-I (Fig. 6.2). 

A marked seasonal trend was also seen in all stands. NH4 + -N concentration, 

which was at its minimum level during rainy season in both the soil depths, 

gradually increased and attained the peak during winter (Table 6.3). 
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Table 6. 1. Three way Analysis of variance to study the effects of stand, soil depth 

and month on microbial biomass carbon (MBC), ammonification, 

nitrification and net-N mineralization rate in the four stands. 

Source of F ratio 

variation df MBC Ammonification Nitrification Net N 

mineralization 

Stands 3 8.85** 15.87** 0.12 ns 8.18** 

Months 11 19.91** 36.66** 50.01 ** 57.82** 

Depths 1.47** 12.41** 47.36** 33.09** 

Stands x months 33 1.36** 1. 71 ** 0.86 ns 2.46** 

Stands x depths 3 3.06* 3.00* '1. 71 ns 5.57** 

Months x depths 1 1 4.40** 10.34** 39.71 ** 51.88** 

Stands x months 33 1.05** 1.46** 1.11 ns 0.40 ns 

x depths 

Significant at * P < 0.05. ** P < 0.0 I. ns- not significant. 



Table 6.2. Mean MOC (J.1g g-I) and its contribution (%) to total soil organic 
carbon (SOC) content in the undisturbed and mildly disturbed 
stands at lalong and Raliang in Jaintia hills, Meghalaya. 

Stands Depths Rainy Autumn Winter Spring 
(em) 

Isg 0-\0 489.87 ± 31.76 577.87 ± 48.89 932.80 ± 37.85 745.07 ± 41.69 

( 1.(7) (1.14) (1.85) (1.5\ ) 

10-20 457.60 ± 30.48 522.\3 ± 67.56 774.40 ± 24.50 591.07 ± 42.65 

( 1.10) (1.16) (1.78) ( 1.34) 

Rsg 0-10 501.60 ± 38.1 1 630.67±42.76 997.33 ± 7I .60 674.67 ± 51.14 

(1.08) ( 1 .26) ( 1.95) ( 1.34) 

10-20 425.33± 28.67 489.87± 54.80 668.80 ± 25.28 542.67 ± 30.20 

( 1.02) (I. 1 7) (1.48) ( 1.25) 

lmd 0-10 425.33 ± 43.21 572±21.56 662.93 ± 42.08 642.40 ± 31.42 

(1.06) ( 1.34) ( 1.56) (1.52) 

10-20 396 ± 28.52 510.4± 13.91 589.60 ± 26.76 536.80 ± 34.08 

(1.04 ) ( 1.38) (1.56) (1.38) 
--- --"'-~-- -.- ... -- -_ .. _-- ------- -------- ---~ ._--- - -----.- --... ~--- ---- -- --_ .. __ ._---- ---- -- - ---------
Rmd 0-10 489.87 ± 42.91 492.8 ± 46.15 686.40 ± 39.35 660.00 ± 1 1.64 

( 1.18) (1.04 ) ( 1.58) (1.49) 
1----

10-20 478.13 + 47.48 469 . .1.1+ 65.82 607.20 -!: 28.52 639.4 7+ 20.06 

(1.21 ) (1.16} ( 1.59) (1.62) 

(±SEM. n=9) 

The values in parentheses are the percent contribution of MBC to total SOC content. 

The soil organic carbon (SOC) data is presented in Chapter III. Table 3.2. 
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Table 6.3. Seasonal variations in mean NH4 + - N (Jlg g-I), NOJ--N (Jlg g-I) and total 

inorganic nitrogen (Jlg g-I) concentration in soils of undisturbed and 

mildly disturbed stands. 

Stands Depths Rainy Autumn Winter 

(em) NII4 I NO j I Total NH4 I NOj I Total NH4 I NOl I Total NII4 

Isg 0-10 11.90 5.24 16.75 12.49 6.34 18.83 12.98 8.87 21.85 11.74 

±4.59 +2.03 ±6.29 ±4.67 ±2.40 ±7.07 ±4.76 ±3.48 ±8.23 ±4.55 

10-20 10.81 4.02 14.84 10.02 5.36 15.38 9.48 7.16 16.64 10.40 

+4.25 +1.72 +5.97 ±3.88 +2.11 +5.99 +3.67 ±2.40 ±6.07 ±4.16 
----------_. 

Rsg 0-10 11.56 7.98 19.54 15.56 9.71 25.27 17.86 13.59 31.45 15.92 

±4.45 ±3.13 ±7.58 ±6.05 ±3.81 ±9.86 ±6.72 ±5.32 ±12.03 ±5.71 

10-20 10.02 6.80± 16.82 13.86 7.76± 21.61 15.49 10.30 25.79 13.68 

±3.84 2.50 ±6.33 ±5.06 2.94 ±8.00 ±5.56 ±4.03 ±9.59 ±5.11 

1md 0-10 5.64 4.15 9.80 6.72 5.57 12.29 8.41 6.27 14.68 5.77 

±2.37 ±1.59 ±3.96 ±2.63 ±2.14 ±4.47 ±3.40 ±2.33 ±5.73 ±2.29 

10-20 4.81 3.22 8.03 5.22 4.52 9.75 6.85 5.21 12.06 4.90 

±2.06 ±1.25 ±3.31 ±2.14 ± 1.67 ±3.80 ±2.84 ±2.04 ±4.88 ±1.93 

Rllld 0-10 5.01 4.11 9.71 9.99 7.86 17.85 11.03 9.63 20.66 8.85 

±1.94 ± 1.57 ±3.51 ±3.68 ±2.63 ±6.32 ±4.29 ±3.72 ±8.01 ±3.37 

10-20 3.69 3.23 6.92 7.60 6.15 13.75 9.33 7.75 17.08 7.01 

±1.36 ± 1.27 ±2.63 ±2.83 ±2.29 ±5.12 ±3.53 ±3.36 ±6.87 ±2.59 

± SEM (n--9) 

SV,i'!'g 

J NOl 1 Te~<·.1 
5.73 17.4 7 

±2.16 ±6.71 

5.08 15.43 

±2.02 ±6.13 

10.34 26.26 

±3.93 ±9.62 

7.50 21.18 

±2.92 ±8.02 

5.46 11.23 

±2.05 ±4.33 

4.46 9.36 

±1.53 ±3.4 7 

7.30 16.15 

±2.81 ±6.18 

5.64 12.66 

±1.82 ±4.41 



Nitrate nitrogen (N03--N) 

N03--N concentration was significantly (P< 0.01) lower than the NH/-N 

at all sites and depths. Its monthly trend was similar to that of NRt + -N with higher 

values in the undisturbed stands than the mildly disturbed stands (Fig. 6.3). The 

mean concentration of NH4 + -N was about two times higher in the undisturbed 

stand than the disturbed stands of both the groves. The difference in the N03--N 

concentration between the undisturbed and mildly disturbed stands was not 

prominent. J lowever, its concentration was higher in the Rsg than other sites. 

Total inorganic soil N (NH/ -N + N03--N) pool was larger in the 

undisturbed stands of both the groves than their corresponding disturbed stands. Its 

concentration was invariably higher (significant at P < 0.01) in the surface layer 

than the subsurface layer Cfable 6.3). 

Mean values of NH/-N and N03--N and total inorganic N contents 

furnished in Table 6.4 reveals that NH4 + - N constituted the dominant fraction of 

the total inorganic N in the undisturbed as well as in the mildly disturbed stands, 

though the proportion was higher in the former (55% - 65%) than the latter (35-45 

NH/ -N%). Total inorganic N content in the undisturbed stands soils was 

markedly higher than the mildly disturbed stands. However, the values in Rsg and 

its mildly disturbed stand (Rmd) were higher than their counterparts at Ialong. 
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N- mineralization 

Ammonification 

Ammonification rate varied significantly (P< 0.01) between seasons, sites and' 

depths (Table 6.1). The rate was at its peak during June-July, thereafter it declined 

to its minimum level in January in all the stands (Fig. 6.4). In the surface soil layer 

the rate varied from a minimum of 5.42 ~lg g-lmonth-1 to a maximum of 8.31 Jlg g­

lmonth-I. The corresponding values for the subsurface soil layer were 4.59 Jlg g­

lmonth-l to 6.68 ~lg g-lmonth-l. The undisturbed stands soils showed significantly 

higher ammonification rate th(ln the mildly disturbed stands. 

Nitrification 

The nitri fication rate varied significantly (P< 0.0 I) due to soil depth and 

season, but the difference between the forest stands was not significant. The 

seasonal variation in nitrification rate at the two soil depths was similar to that of 

ammoni fication except that the subsurface layer showed higher value during 

winter season in Rmd (Fig. 6 5). However, in the surface layer mean nitrification 

rate (6.0 I flg g-l montlf l
) in lmd stand was higher than the other three stands 

(Table 6.4). 

Net N-mineralization 

A marked seasonal variation was observed in net mineralization rate in all 

the stands. The peak was noticed during rainy season, followed by a sharp decline 

during winter season (Table 6.5). The peak rate (31.27 ~g g-Imonth-l) was 
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Table 6.4. Average inorganic-N pool (Jlg g-I) and N-mineralization rate 

(Jlg g-Imonth-I) in the undisturbed and mildly disturbed stands. 

Sites Depths Concentration (J.lg g-I) Net rate (J.lg g-I) 

(cm) NH/-N NOJ--N Total Ammonification Nitrification Mineralization 

Inorganic 

N 

Isg 0-10 12.27 6.55 18.82 8.31 (59) 5.82 (41) 14.13 

(65) (35) 

10-20 10.20 5.40 15.60 6.31 (57) 4.75 (43) 11.06 

(65) (35) 

Rsg 0-10 15.22 10.40 25.62 7.92 (58) 5.84 (42) 13.76 

(59) (41) 

10-20 13.26 8.09 21.35 6.68 (60) ; 4.47 (40) 11.15 

(62) (38) 

Imd 0-10 6.64 5.36 12.00 5.43 (47) 6.01 (53) 11.44 

(55) (45) 

10-20 5.45 4.35 9.80 4.59 (50) 4.61 (50) 9.20 

(56) (44) 

Rmd 0-10 8.72 7.22 15.94 6.09(51) 5.77(49) 11.86 

(55) (45) 

10-20 6.91 5.69 12.60 4.93 (52) 4.62 (48) 9.55 

(55) (45) 

The values in the parentheses are the percentages of the total inorganic N content. 



Table 6. 5. Seasonal variation in ammonification (Amn), nitrification (Nit) and Net 

N mineralization (Tot.) rate (J.lg g-Imonth-I) in undisturbed and mildly 

disturbed stands at Ialong and Raliang. 

Sites Depths Rainy Autumn Winter Spring 

(em) Amn'l Nit. I Tot. Amn'l Nit. I Tot. Amn'l Nit. I Tot. Amn'l Nit. 

Isg 0-10 16.57 11.50 28.07 7.61 5.77 13.38 2.16 1.73 3.89 6.90 4.26 

±5.64 ±4.80 ±10.44 ±3.38 ±2.25 ±5.59 ±0.98 ±0.94 ±1.86 ±2.68 ±1.80 

10-20 13.96 10.76 24.74 4.68 4.48 9.16 1.79 1.47 3.26 4.80 2.31 

±5.09 ±4.19 ±9.28 ±1.78 ±1.31 ±3.09 ±0.85 ±1.07 ±1.85 ±1.48 ±0.66 

Rsg 0-10 15.15 11.51 26.66 9.00 6.26 15.26 1.61 2.02 3.63 5.92 3.57 

±5.53 ±4.54 ±10.06 ±3.38 ±2.18 ±5.57 ±0.29 ±1.23 ±1.46 ±2.57 ±1.37 

10-20 13.88 9.07 22.95 7.11 4.57 11.68 1.01 1.32 2.33 4.74 2.90 

±5.37 ±3.62 ±8.99 ±2.97 ±2.09 ±5.06 ±0.58 ±0.84 ±1.42 ±1.48 ±0.83 

Imd 0-10 9.05 11.03 20.08 3.49 4.13 7.62 1.65 1.53 3.18 7.52 7.34 

±3.42 ±4.24 ±7.65 ±1.28 ±1.29 ±2.56 ±0.82 ±0.56 ±1.28 ±2.95 ±2.71 

10-20 7.40 9.47 16.88 3.40 3.17 6.57 1.19 0.80 1.98 6.38 4.98 

±2.S2 ±3.44 ±6.25 ±1.26 ±1.47 ±2.72 ±0.42 ±0.34 ±0.76 ±2.42 ±1.70 

Rmd 0-10 10.33 11.34 21.67 6.57 5.51 12.0S 1.41 0.S3 2.24 6.07 5.41 

±3.74 +4.54 ±S.22 1-2.70 ±2.51 ±5.20 ±0.54 ±0.59 ±1.13 ±2.38 ±2.13 

10-20 9.48 10.IS 19.66 4.64 3.66 8.30 0.85 1.0 1.84 4.74 3.66 

±3.74 ±3.84 ±7.58 ±2.05 ±1.46 ±3.51 ±0.32 ±O.57 ±0.83 ±1.90 ±1.58 

± SEM (n=9) 

I Tot. 

11.03 

±4.43 

7.12 

±2.13 

9.49 

±3.92 

7.64 

±2.31 

14.36 

±5.66 

11.36 

±4.12 

11.48 

±4.50 

S.40 

±3.44 
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recorded in the topsoil layer of Isg while the lowest rate (0.42 Jlg g-'month-') was 

obtained in Rmd (Fig. 6.6). ANOVA of the results showed that mineralization rate 

was significantly (P <0.01) higher in the undisturbed stands than the mildly 

disturbed stands. Similarly, the surface soil layer exhibited significantly higher (P< 

0.0 I) rate than the subsurface layer. 

The mean annual N- mineralization rate in the surface soil layer was 13.76 

~lg g-'monll'-' in Rsg and 14.14 in Isg ~lg g-'mt)J1th-'. The corresponding values for 

the sub surface layer (1 0-20cm) were 11.06 and 11.15 Jlg g-Imonth-l. In the 

disturbed stands the rate varied from 11.44 to 11.86 ~tg g-'month-' and 9.20 to 9.55 

Jlg g-'montlf' in the surface and sub surface layers respectively Cfable 6.4). 

Discussion 

The seasonal variation in MBC observed in the present study is slightly 

ditlerent from those reported for tropical deciduous forests, savanna and temperate 

pastures where peak values for microbial nutrients were observed during early 

spring and summer (Sarathchandra et af 1989, Singh et af 1989, Srivastava 1992, 
i 

Diaz-Ravina et af 1995). Studies on soils in forest, croplands, mine spoils and 

grazed and protected savanna in India have demonstrated that the storage of C, N 

and P in microbial biomass was significantly higher during dry summer and low 

during the rainy season at each habitat (Raghubanshi 1992, Srivastava 1992, 

Srivastava and Singh 1988). Singh et af (1989) have reported a reciprocal 

relationship between the plant growth rates that are highest during the wet period 
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and microbial biomass. which is highest in the dry period. The drop in microbial 

biomass in the beginning of the rainy season was attributed to lysis, while 

maintenance of low biomass during the wet season was attributed to the greater 

microbiovory (Singh et al 1989. Raghubanshi et al 1990). In a spurce forest soil, 

Von Lutzow el al (1992) recorded highest biomass values in autumn and spring 

and lowest in summer. The seasonal variation in microbial biomass C observed in 

the present study is similar to that reported by Arunachalam et af (1999) in 

subtropical semievergreen forest undergoing recovery afler disturbance. During 

cool dry winter when plant uptake of nutrients is greatly reduced on account of the 

death of majority of annuals and dormant growth phase of perennial species, 

nutrient are either immobilized in microbial biomass or accumulates in the soil. 

On the contrary during warm wet period when conditions for lysis and 

microbiovory seem to be more favourable, M13C was at its minimum level, 

thereby adding the nutrients in soil. This coincides with the period of active 

vegetation growth of majority of plants in the community. Since the forest floor is 

covered with a dense network of fine roots, there is every likely hood that 

nutrients released on account of lysis of soil microbes and or from other sources 

are quickly absorbed by the plants, reducing the runoff and leaching losses. 

The concentration of microbial biomass C reported for various temperate 

and tropical forest soils (Vance et al 1987, Henrot and Robertson 1994, Diaz­

Ravina et 01 1(95) vary widely between 61 Jlg g-' and 2000 Jlg g-'. The higher 

MAC in the protected stands as compared to the unprotected stands could be the 
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result of greater input of organic matter and nutrients through litter and fine roots, 

which might have HlVoured the growth of microbial population and accumulation 

of microbial biomass. Arunachalam el al ( 1996) and Marion and Black (1988), has 

obtained similar results and attributed it to an increase in organic matter content in 

older forest stands owing to the greater accumulation of plant derived organic 

matter and microbial products. Diaz-Ravina et al (1988) have reported that soil 

with low organic C usually has less microbial biomass and vice versa. Low soil 

organic matter content in the disturbed stands could well explain the low MBC. 

The contribution of MBC to SOC in the four stands (1.02 % to 1.95%) 

obtained in this study is low compared to other tropical forests 1.53% to 5.3% 

(Theng el at 1989. Luizao el aI, 1992), tropical dry deciduous forest, 1.6% to 

3.6%, (Srivastava and Singh 1989) but close to the Pinewood and Oakwood 

forests. 0.5% to 2%. (Uiaz-Ravina el al 1995) and temperate forests soils, 1.8-

2.9%. (Vance el al 1987). 

The relationship between MBC and soil properties was studied by 

computing coelreetion of correlation. It showed a positive correlation with soil 

moisture content (SMC), soil organic C, TKN and available P Crable 6.6) and a 

negative correlation with soil temperature (significant at P< 0.01). With species 

richness it showed a negative correlation (Y = a 151.0342 - 0.1 006X, r2 = 0.977, 

P<0.05). MBC was also influenced by soil nutrient status as is evident by 

significant positive correlations with soil organic C, Nand available-P. 



Disturbance also seems to have played a role. The decrease in basal cover 

(13.61 and 48.88'~~). TKN (12 to 15%). SUC (15 to 21%) and available P (14 to 

24%) in the mildly disturbed stands could have led to the lower MBC as compared 

to the undisturbed stands of the sacred groves. 

The low soil NII/-N and N03--N during rainy season may be due to greater 

demand by vegetation which grow vigorously during this period of the year (Singh 

el al 1989, Arunachalam el al 1996). IIigher leaching losses could be another 

reason for low NI lot +-N and NO~--N level in the soil during this season. Higher 

NH/-N and N03--N during dry winter season may be attributed to low uptake by 

plants coupled with low leaching and runofT losses. It has been suggested by Birch 

(1958) that during dry season soil starts drying up due to evaporation, which 

facilitates the upward movement of nitrate and release of free ammonia and amino 

acids from the drying soils. These f~u:tors together might have led to the 

accumulation of inorganic-N in the soil during dry winter season. 

Table 6.6. Correlation coeffection (r) between M BC (J-lg g-') in two soil depths with 
soil characteristics. 

Depths Soil properties 

(cm) Temp. a Moisture SOC (%)h TKN (%)h 

(%)3 

0-10 - 00401 ** 0.164 ns 0.505* 0.506* 

10-20 -0.361** 0.315* 0.793* 0.792* 

* Significant at < 0.05. ** Significant at < 0.01. ns = not significant. 
a = (n=46): soil temperature and soil moisture 

Available P 

(Ilg g-l) b 

0.798* 

0.514* 

b = (n=14): SOC (soil organic carbon). TKN (total kjeldahl nitrogen) and available P 
(Phosphorous ). 



Predominance of ammonium ion in soil has also been reported by Maithani 

et 01 (1998) from subtropical broadlcaved foresC undergoing recovery ailcr 

disturbance in north-east India and Verchot ef af (2001) from temperate forests in 

eastern New York state. 

N-mineralization pattern 

The nitrification rate found in the present study (0.42-12.36 J..lg g-Imonth-I) 

is lower than those (0.5-23 J..lg g-Imonth-I) reported by Singh et af (1991) from a 

disturhed dry tropical savanna. Low rate or nitrification in the presence or 

adequate ammonium ions found in all the stands, is similar to the results reported 

by Robertson and Vitousek (1981), Ellenberg (1977) and Maithani et af (1998). 

The low rate of nitrate production has been attributed to allelochemic inhibition by 

organic compounds in soil or plant extracts (Montangnini et af 1986, Rice and 

Pancholy 1(72). Ilowever. 7-11 % increase in rate of nitrification in the 

community forests could he the low acidic nature of the soil that might have 

facilitated the growth and activity of autotrophic nitrifiers in soils. The undisturbed 

sacred groves the high SOC would supply readily available C sources to soil 

microbes resulting in increased rate of inter-N cycling. However, due to excessive 

heterotrophic immobilization, that reduces N-availability to nitrifYing organisms 

leading to low activity of nitri ficrs population (Adams and Attiwill 1986). This 

possibly could be the reason for relatively low N-mineralization in soil. 

The relationship of N-mineralization rate with two climatic variables 

(rainfall and air temperature) and five edaphic variables was ascertained through 
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correlation coefficient. It was positivcJy correlated with rainfall, air temperature, 

soil temperature, <lnd soil moisture content and available phosphorous Crable 6.7). 

Apart from these variables, it also showed positive correlation with MBC. 

Seasonality in N-mineralization has been reported to be controlled by soil 

moisture level in dry tropical savanna (Singh el al 1991), Scottish highlands 

(Morecron el al 1992), tiaga forests (Clein and Schimel 1995) and subtropical 

humid torest of north-east India (Maithani el al 1998). Rewetting of dry soil 

increases N-mineralization (Birch 1958, Sorensen 1974). This is evident by 

significant positive correlations between N-mineralization and rainfall and soil 

moisture content. Relatively higher ambient and soil temperature during wet-

summer period might have facilitated the bacterial and fungal population growth 

resulting in an increase in N mineralization (Maithani et af 1998) as is evident by 

its positive correlations between MBC on the one hand and air and soil 

temperatures on the other. Menaut el al (1985) have also found that in slightly 

acidic soils, the high stock of nutrients is rapidly released during the wet season. 

Table 6.7. Correlation coefficient (r) between mean N-mineralization rate (Jlg g-

Imonth-I) and climate and soil variables. 

Climatic variables Edaphic variables 

Soil Rainfall Air temp. Temp. Moisture P (~g g-I) b MBC (Jlg 

depths (mm)8 (OC) 8 (Oe) 8 (%)8 g-I) a 

(em) 

0-10 0.534** 0.656** 0.589** 0.538** 0.513* 0.339* 
I 

10-20 0.612** 0.693** 0.538** 0.502** 0.460 0.343* 

* Significant at < 0.05. ** Significant at < 0.01. 



In the present study the result discussed indicates that due to disturbance 
I 

the soil physico-chemical properties arc altered which reduces the MBe and N-

mineralization rate. N-mineralization showed a close association with MBC 

indicating that the latter is a microbe-mediated process. Differences in N cycling 

between stands arc strongly linked to the quality of organic matter in the soils. 
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CHAPTER VII 

GENERAL DISCUSSION 

The rich plant diversity of the state of Meghalaya is preserved mainly in 

protected areas such as Biosphere Reserve, National Park, Wild Life Sanctuaries 

and the Sacred Groves. The sacred groves though cover a very small area as 

compared to the other protected forests; they have a unique diversity of varied life-

fonns. A striking feature of the sacred grove flora is the concentration of primitive 

angiospennous taxa, tropical and temperate elements, Sino-Himalayan and Bunna 

- Malayan species and rare and endemic species within a small area. 

A total of 410 angiospenns, 3 gyllmOSpenns and 24 pteridophytes 

representing I 15 (ami I ies were recorded in the present study of two sacred groves 
, 

viz. lalong and Raliang in laintia hills. Angiosperms were the dominant group 

with 99 families followed by pteridophytes with 13 families and gymnospenns 

with three families viz., Gnetaceae, Pinaccae and Podocarpaceae. Among 

angiospenns, Orchidaceae was the dominant family. Balakrishnan (1981-83) and 

lamir (2000) have also reported the dominance of Orchidaceae in the flora of 

laintia hills as well as in the sacred groves of laintia hills. 

Highest concentration of epiphytic flora is believed to occur in the mid 

montane forests (Sugden 1979, Benzig 1983) where some precipitation occurs 

even in the driest period and relative humidity is high during most part of the year. 
n 



Dominance of epiphytic orchids (ca. 80%) and presence of epiphytic ferns as well 

as thick growth of mosses on tree trunks branches and even on the leaves 

contributed to the high species richness of the epiphytic flora in the two sacred 

groves. This could be attributed to high rainfall spreading over 8 months and high 

relative humidity (= 70%) prevailing during most part of the year. 

The sacred groves were similar to the humid tropical and subtropical 

forests (Kumar 1984, Balakrishnan 1981-83, Valencia et at 1994) owing to the 

presence of large number of multi-species genera in the community. The species 

rich forests are generally rich in family composition also, as is evident by the 

presence of 115 families in the two groves. The Eastern Himalayas including the 

northeastern India has a high concentration of endemic plant with 5,000 species 
I 

(Olson et al. 1998) indicating that the region is an· important center where the 

Tertiary nora of Asiatic elements has survived (Taktajan 1988). 

The vegetation of sacred groves resembles the tropical lower montane rain 

forest (Whitmore 1998) where canopy tree height ranges between 15m and 33m 

and may be compared with that of southwest China (Min Cao 1996) and Moraballi 

Creek, Guyana (Davis and Richards 1934). The height of the canopy trees in the 

sacred groves is lower than the average canopy tree height in the rain forest of 

Queensland, Australia (Unwin 1989), some tropical mixed dipterocarp forest at 

Borneo (Ashton 1992). Relatively shorter height of the canopy trees in the sacred 

groves as compared to tropical rain forests (Richards 1996) cannot be attributed to 

dry climate and low soil fertility as discussed by Whitmore (1975) and Visalakshi 
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(1995). This appears to be related more to the altitude as suggested by Whitmore 

(1975). Grubb (1977) and Lieberman el at (1996). 

The comparison of species richness between different forest types in the 

tropics is often difficult because of variations in area sampled and differences in 

the dbh taken by different workers to define tree species. Campbell et al 

(1986.1992), Parthasarathy et al (1992). Proctor et al (1988), Kadavul and 

Parthasarathy (1999) have enumerated all species> 10 em dbh in 3, 3, 1, 0.04, and 

4 ha respectively, while Nadkarni et al (1995), Weaver and Murphy (1990) and 

Johnston and Gillman (1995) have described species having >2cm, > 4cm and> 

5cm dbh in 4, 0.4, and 4 ha respectively. In spite of the above variations, species 

richness of the sacred groves appears to be higher than the tropical rain forests 

studied by Nadkarni et al (1995) and Weaver and Murphy (1990). The species· 

richness recorded in the present study is higher than those reported by previous 

worker in the state of Meghalaya (Rao 1992, Barik 1992, and Singh 1980). 

However, it is lower than the forests in Amazonian Equator (Valencia et aI1994), 

Tropical America (Gentry 1988. Phillips et al (994) and South East Asia 

(Nicholson 1965, Proctor 1983) that are exceptionally rich in species diversity. 

The mildly disturbed stands of both the sacred groves had higher species 

richness than the undisturbed stands. Mild disturbance in the form of selective 

felling of trees, annual fire and grazing often create gaps in closed-canopy forest 

and favours colonization of secondary species like Pinus kesiya, Leucoseptrum 

callum. Lyollia oval(folia. etc. Connell (1978) and Collins (1995) concluded that 
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species diversity should be highest at intennediate frequency of disturbance when 

conditions favours coexistence of competitive species and those that tolerate 

disturbance. 

The density of woody species recorded in the present study (938 -1476 

plants ha- I
) is similar to those reported from Amozonia (1420-1720 plants ha- I

, 

Campbell et al 1986. 1992), Gunung Silam (1596 plants ha- I Proctor et al 1988,) 

and sacred groves of Jaintia hills (1176- 1496 plants ha- I Jamir 2000). The tree 

basal cover obtained in the present study (36.5 m2ha-1 to 71.4m2ha- l
) is close to the 

values obtained from Amazonia (28-68 m2ha-1 and 78 m2ha-l
, Campbell 1986, 

1992), Gunung Silam, Malaysia (26.7 m2ha- l
, Proctor et al 1988) Luquillo 

mountains, Puerto Rico (40 m2ha- l
, Weaver and Murphy 1990) and Monteuverde, 

Costa Rica (40 m2ha-l
, Nadkami et al 1995) tropical rain forests. These values 

indicate clearly that the vegetation of sacred groves in Jaintia hills of Meghalaya is 

similar to the tropical rain forests found in other parts of the world. The 

comparatively lower tree basal cover in the mildly disturbed stands of both the 

groves may be attributed to selective felling of trees of high dbh classes for timber. 

The density-diameter distribution of the woody species in the sacred groves 

yielded a reverse J-shaped curve, which is a characteristic feature of ancient 

climax tropical forests (White 1980, Sarukhan 1985, Whitmore 1975). Presence of 

large number of individuals of the understory and overs tory species in small 

diameter class (5-15 cm dbh) was responsible for the reverse J-shaped curve. The 

preponderance of individuals in lower dbh class suggested that tree regeneration 
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was fairly good in the sacred groves. Similar results ,have also been obtained by 

Kadavul and Parthasarathy (1999), Nadrarni et (/1 (1995) and Campbell el al 

(1992) from the tropical forests. 

Log nonnal distribution pattem of dominance among the species (trees, 

shrubs and herbs) is a characteristic feature of a complex community (May 1975) 

and is an indicator of the community of stable environment, whereas the 

logarithmic curve characterize the communities of unstable system (Stenseth 

1979). Ugland and Gray (1982) concluded that a lognonnal distribution is a 

characteristic of the system at equilibrium state that is influenced by multiplicity 

of factors. The lognonnal type of dominance-distribution pattern observed in the 

present study suggest the stable and complex community and is the result of 

prolong protection and existence of favourable environmental condition for a long 

period of time. The dominance distribution curve did not change appreciably in 

the disturbed stand of both the groves, indicating the low intensity of disturbance 

in the stand open for use by local villagers and their cattle. 

There was a marked increase in species richness and species diversity, and 

decrease in species dominance in the disturbed stands of both the sacred groves 

following disturbance. The composition of functional groups in the community 

such as evergreen, deciduous, shade tolerant and shade intolerant species also 

changed as a result of disturbance. Associated with these changes, there was a 

sharp decrease in tree basal cover in the disturbed stands. The change in species 

composition also influenced the quality of litter, which is one of the major 
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pathways of nutrient transfer to the soil in forest ecosystem. This is clearly evident 

from the low concentration of N, P and K in the leaf litter of dominant tree species 

in the disturbed stands of the forest. Change in the species composition and 

reduction in vegetation cover due to removal of trees not only exposes the topsoil, 

but also leads to changes in its physico-chemical and biological properties. 

Soil microorganisms are of great importance for plant growth and 

maintenance of the ecosystem flmctions, since they constitute the liable pool of C 

and mineral nutrients (Smith and Paul 1990, Wardle 1992, Diaz-Raviana et at 

1993), which are liberated after their death. Significantly higher microbial biomass 

C in the protected stands than the mildly disturbed stands of both the sacred grove 

could be due to higher detrital accumulation on the forest floor and larger 

microbial population (Maithani et at 1996). Greater tree basal cover and high 

species dominance in the undisturbed stands might have also contributed indirectly 

to greater microbial biomass carbon (MBC) in the soil system through higher litter 

production. 

Peak M13C during winter and low during rainy season in all the stands was 

related to seasonal changes in temperature and rainfall. During winter when the 

decomposition rate is low due to low temperature, nutrients are immobilized in to 

the dormant microbial cells leading to higher MBC during this season. During 

warm-rainy season fast turnover of microbial biomass was responsible for low 

M13C. lligh microbial activity and fast turnover of microbial biomass was in tum 

responsible for rapid decomposition rate and increased rate of nutrient release in 
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the soil during this period. The low MOC during rainy season could also be due to 

lysis of cells and increase in microbiovory (Singh et al 1989, Raghuvanshi et al 

1990). MBC was also influenced by soil organic C and nutrient status as is evident 

by a significant positive correlations with soil organic C, TKN and available-Po 

Higher microbial biomass led to greater nitrogen mineralization rate in the 

undisturbed and mildly disturbed stands of the sacred groves. The amount of 

inorganic-N (ammonium + nitrate) and N-mineralization rate (ammonification + 

nitrification) showed a seasonal trend in all stands. The ammonium and nitrate 

nitrogen concentration was maximum during winter and minimum during rainy 

season. The low level of inorganic-N recorded during rainy season may be 

attributed to higher uptake by plants. Leaching and denitrification could be another 

reason for low values during rainy season. On the contrary, high concentration of 

inorganic nitrogen during dry winter season may be due to low uptake by plants 

and upward transport of previously present nitrogen or recently mineralized 

nitrogen in the subsoil due to evaporation (Birch 1958). 

N-mineralization rate peaked during rainy season when temperature and 

soil conditions wete favourable for growth of both plants as well as soil microbes 

and low during winter when growth in majority of plants enter into dottnant phase 

and microbial activity slows down due to low atmospheric temperature ahd low 

soil moisture level. 



SUMMARY 

The present study was conducted at Ialong (Khloo Blai) and Raliang 

(Khloo lyngdoh or Khloo Poh Lyngdoh) sacred groves in Jaintia hills district of 

Meghalaya, northeast India during the period June 1999 and May 2001. They are 

the remnants of the subtropical evergreen climax forest of the area. One portion 

(ca. 20 - 30 ha) of both the sacred groves was well protected whereas, another 

portion (30 - 40 ha) was open to use by the people of the nearby village for fuel 

wood collection, timber and cattle grazing and therefore was mildly disturbed. The 

periphery of the disturbed portion of the sacred grove burned during dry winter to 

obtain good forage for the cattle in the ensuing rainy spell. Both the undisturbed as 

well as disturbed stands of the sacred groves were studied to assess plant diversity, 

analyse community structure and detennine soil properties including temporal and 

spatial dynamics of microbial biomass C and N-mineralization. Attempts also 

were made to assess the impact of disturbance on plant diversity and soil 

biological processes in the sacred grove ecosystems. 

Plant diversity 

There were 280 species of vascular plants in Ialong and 311 speCIes III 

Raliang undisturbed stands whereas, their con"csponding mildly disturbed stands 

had 300 and 305 species respectively. Altogether there were 437 species, 303 

genera and 115 families. Ficus was the largest genus with 11 species followed by 

Impatiens and Dendrobium with 6 and 5 species each respectively. Out of the 115 
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families, 99 belong to angiospenn, 3 to gymnospenns and 24 to pteridophytes. 

Orchidaceae was the dominant family with 27 species followed by Lauraceae (24 

species) and Rubiaceae (20 species). Forty-seven families had one species each 

and 17 families were bispecific. The sacred groves flora was characterized by the 

presence of species belonging to primitive families and genera. At the same time, 

large number of tropical, temperate, Sino-Himalayan, Bunnese-Malayan and to a 

lesser extent the Peninsular-India elements were also present in the sacred groves. 

They together made sacred grove flora very rich in species. 

The sacred groves had 45 endemic species. Some endemic species 

recorded includes Acer laevigatum, Citrus latipes, /lex embeloides Drymicarpus 

racemosus and Tupidanthus calyptratus. There were 38 rare species, out of which 

13 were endemic. Species like Fissistigma verrucosum, /lex embeloides and Styrax 

hookerii were collected after few decades. About 45 species of medicinal plant, 

used by the local people were also recorded. The important among them are 

Achyranthes aspera, Houttuynia cordata, Plantago erosa, Pouzolzia hirta, 

Alstonia scholaris, Centella asiatica, Costus speciosus and Oxalis corniculata. 

The community was composed of plants of varied life fonns, which were 

distributed in four strata. The canopy and subcanopy layers were composed of 39 

and 45 species respectively and they fonn somewhat a continuous cover. Large 

number of small trees or large shrubs (60 species) constituted the undercanopy 

layer. The small shrubs with 89 species and 91 herbaceous species, especially in 

the mildly disturbed stands, constituted the most species-rich layer in the 
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community. The specIes richness of woody (::: 5cm dbh), shrub and herb 

components increased in the disturbed stands of both the groves following 

disturbance (Table 1). 

The communities were a mosaic of low and high diversity patches of 

woody species. About 42-52% of the woody species in each stand were 

represented by one or two individuals. Majority of woody (85-92%), shrub (93-

100%) and herb (100%) species were contiguously distributed in the forest. As a 

result the forest was highly heterogeneous and patchy in species distribution. 

The species diversity index (H-) of woody, shrub and herb species 

increased in the disturbed stands of both the groves, while the dominance index 

(D) showed a reverse trend (Table 1). The similarity between the botanical 

composition of the two sacred groves was relatively less (48-62%) than between 

undisturbed and disturbed stands (65-73%) of a given grove. 

The density of woody species varied from a minimum of 938 individuals 

ha- I in Raliang undisturbed stand to a maximum of 1476 in Ialong undisturbed 

stand. The shrubs density ranged from 6427 individuals ha- I to 11040 individuals 

ha- I and the herbs density ranged from 1607 to 2470 per 100m2 between the four 

stands. The density-diameter distribution pattern showed preponderance of young 

(5-15cm dbh class) individuals in all stands. In the undisturbed and mildly 

disturbed stands of the sacred groves 54-74% and 50-67% of the total stem 

density, respectively were represented by young individuals (5-15cm dbh class). 
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The individuals in the highest dbh class (>66) were only 2-5% of the stand density 

in all stands. The basal cover-diameter distribution showed a reverse trend. 

The dominance distribution pattern was similar in all four stands. It fitted 

a lognonnal distribution curve showing high equitability and low dominance in the 

community. Shannon and Wiener's diversity index worked out using proportional 

number did not vary much between the stands. Pielou's evenness index also 

showed high degree of equitability in all stands. 

Soil properties 

Soil moisture content (SMC) was significantly higher in the protected 

stand than the dise.rbed stand of the two sacred groves. Soil temperature and pH 

was however, slightly higher in the disturbed stands. Soil organic-C (SOC), TKN, 

and available phosphorous all showed significantly higher values in the 

undisturbed stands than the disturbed stands where 15 i 21%, 12-15% and 14-24% 

decline was recorded in SOC, TKN and available-P, respectively (Table 1). 

Microbial biomass Carbon 

The seasonal dynamics of microbial biomass carbon (MBC) was studied 

for a period of one year. It showed that MBC concentration was significantly (P< 

0.01) higher during winter season and lower during rainy season. Similarly, the 

surface soil layer (O-IOcm) had significantly (P<O.OI) higher MBC than the 

subsurface layer (l0-20cm). The undisturbed stands had significantly (P<O.OI) 

higher MBC than the disturbed stands. The percentage contribution of MBC to the 

total soil organic - C pool varied between 1.02 % in rainy and 1.95 % in 
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Table.l.Structural and functional changes in vegetation and soil of sacred forest 

ecosystem following anthropogenic disturbances 

I. 

Parameters 

Community structure 
Species richness 
Tree 
Shrub 
Herb 
Density 
Tree (ha-') 

Shrub (ha-') 
Herb (100m2

) 

Tree basal cover (m1 ha-1
) 

Diversity index (H-) 
Tree 
Shrub 
Herb 
Dominance (D) 
Tree 
Shrub 
Herb 

II. Functional groups 
Number of evergreen trees 

N umber of deciduous trees 
Number of shade intolerant trees 
N umber of shade tolerant trees 
N, P, K concentration in litter of 
dominant trees 

III. Soil properties 
a. Physical 

SMC (%) 
b. Chemical 

pH 
TKN (%) 
SOC (%) 
Available P (l1g gO') 
NH4 - N (l1g gO') 
NO]- N (l1g gO') 
Inorganic - N (J-lg gO') 

c. Biological 
MBC (l1g gO') 
Ammonification (J-lg g-' month-i) 
Nitrification (l1g g-' month-i) 
N-mineralization (l1g g-' month-i) 

I=Ialong, R=Raliang. 

Undisturbed 
Stand 

Low 
Low 
Low 

High (I) 
Low (R) 

Low 
High (I) 
Low (R) 

High 

Low 
Low 
Low 

High 
High 
High 

89 

High (I) 
Low (R) 

Low 
Low 
High 
High 

High 

Low 
High 
High 
High 
High 
High 
High 

High 
High 
Low 
High 

Mildly disturbed 
stand 

High 
High 
High 

Low 
High 
High 
Low 
High 
Low 

High 
High 
High 

Low 
Low 
Low 

Low 
High 
High 
High 
Low 
Low 

Low 

High 
Low 
Low 
Low 
Low 
Low 
Low 

Low 
Low 
High 
Low 

(% 
Change) 

12-16 
24-28 
7-13 

9 
39 

37-66 
17 
13 

14-48 

9 
10-22 
5-10 

30-35 
39-60 
12-46 

7 
8 

50-90 
13-18 
0-10 
13-27 

5-38 

5 
12-15 
15-20 
14-24 
45-46 
18-30 
37-39 

8-15 
25-31 
<I 

14-18 



winter season. MBC was positively correlated with moisture, organic-C, TKN and 

available-P contents of the soil and negatively correlated with soil temperature. 

Nitrogen mineralization 

N-availability and its mineralization were studied for a period of one year. 

The mean concentration ofNH/-N and N03--N was significantly higher (P<O.OI) 

in the undisturbed stands than the disturbed stands. There was about 45% 

reduction in NH/-N and 18-30% reduction in N03--N in the disturbed stands 

(Table I). The total soil inorganic-N (NH/-N + N03--N) concentration was 

maximum during winter and minimum during rainy season in all stands. 

Ammonium nitrogen was the dominant fonn with (55-65%) of inorganic-N in all 

stands. Ammonification, nitrification and net-mineralization rates were higher 

during rainy season and low during winter season. The concentration of N~ +-N 

and N03--N and ammonification, nitrification and N-mineralization rates were 

significantly higher in the upper soil layer (O-IOcm) than the lower soil layer (10-

20cm). N-mineralization rate was positively correlated with rainfall, air 

temperature, soil moisture content, available-P and MBC. 

Thus the findings of the present study clearly reveals that the sacred 

groves located in Jaintia hills are extremely rich in plant diversity. Disturbance of 

mild intensity in these groves led to an increase in diversity and decrease in 

dominance of species in the community. These changes were associated with 

decrease in moisture content, organic-C, Nand P contents, MBC and N­

mineralization rate in soils of mildly disturbed stands. 
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Abstract. Biodiversity of woody species was investigated in Ialong and Raliang sacred groves of the 
Jaintia hills in Meghalaya, northeast India. These groves represent the climax subtropical broad-leaved 
forest of the area. A total of 738 individuals belonging to 82 species. 59 genera and 39 families was 
identified in a 0.5 ha plot of the Ialong sacred grove. whereas the same area in the Raliang sacred grove 
had 469 individuals of 80 species, 62 genera and 41 families. About 32% species were common to both 
groves. Lauraceae, with 10-17 species. was the dominant family. The canopy and subcanopy strata were 
respectively composed of 28 and 33% of the total tree species in the forest. The number of species as well 
as stem density were greater for the trees oflowerdbh (5-15 cm) class compared to the higher(> 66cm) 
dbh class. The majority of the species showed a contagious distribution pattern and low frequency. The 
basal area varied from 57.4 to 71.4 m' ha-'. Species richness within the forest vaned from 3 to 15 per 
100 m' in Ialong and 3 to 12 per 100 m' in Raliang. The dominance-distribution curves showed high 
equitability and low dominance in both groves. 

Introduction 

The humid tropical forests in the eastern Himalayas and northeast India. which 
harbour about 5000 endemic species, are very rich in plant wealth (Olson et al. 
1998). Species richness of these forests has been recognized by taxonomists like 
Hooker (1872-1897), Kanjilal et a1. (1934-1940), Rao and Panigrahi (1961), Rao 
(1969, ] 970, 1974, 1977) and Balakrishnan (1981-1983). who carried out botanical 
explorations in different parts of northeast India. Recently. various studies have 
been carried out to quantify plant diversity and to understand the ecology of forest 
communities of the region (Khan et al. 1987; Khiewtam and Ranlakrishnan 1993; 
Rao et al. 1997; Jamir 2000). Several researchers (Pascal and Pelissier 1996; 
Parthasarathy and Karthikeyan 1997; Ayyappan and Parthasarathy 1999; Parth­
asarathy 2001) have studied floristic diversity in the humid tropical forests of the 
Western Ghats of India. another biodiversity-rich area in the Indian subcontinent. 

The Meghalaya state (25°02' to 26°10' N latitude and 89°45' to 92°45' E 
longitude) in northeast India, comprising the Khasi, Jaintia and Garo hills, covers an 
area of 22429 km2

• The moist tropical and humid subtropical forests found in the 
state are rich in plant diversity. About 3128 flowering plants. including endemic. 
rare and primitive taxa have been reporteil from the state by Khan et a1. (1997). The 
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indigenous tribes of the state have an age-old tradition of preserving small patches 
of old growth forests as a part of their culture and religious beliefs. These forests, 
popularly known as sacred groves, are biodiversity-rich communities, which pro­
vide refuge for a large number of endemic and rare plant taxa of the region. In India, 
several studies have been made on the vegetation structure, composition and 
ecology of the sacred groves of Meghalaya (Bacik et al. 1992; Khiewtam and 
Ramakrishnan 1993; Rao et al. 1997; Jamir 2000) and some other parts of India (cf. 
Chandrashekara and Sankar 1998; Ramakrishnan et al. 1998). This paper deals with 
the diversity of woody species (trees and lianas) and the structure of the two sacred 
groves located in the Jaintia hills of Meghalaya. 

Study site 

I 
The study was conducted in Ialong and Raliang sacred groves in the Jaintia BiUs, 
the eastern district of Meghalaya. These groves are remnants of SUbtropical broad­
leaved forest (Champion and Seth 1968), which presumably is the climax vegetation 
of the area. The important tree species that constituted the forest canopy were 

07 ,{,'.' Engelhardfa spicata, Ficus sp., Castanopsis purpurella, Syzygium tetragonum, 
, Sarcospefma griffith;;, Prunus jenkensii and Neolitsea cassia. These groves have 

been protected since time immemorial by the Jailltia tribe due to their strong 
religious beliefs. The Ialong sacred grove is located about 8 km east of Jowai town 
at an altitude of 1350 m a.s.!. (latitude 25°28' N and longitude 92°25' E), while the 
Raliang sacred grove is 28 km away from Jowai town in the northeast direction 
(altitude 1300 m a.s.1., latitude 25°30' N, longitude 92°18' E). The Ialong sacred 
grove is spread over an area of about 30 ha on a steep hill slope (20° to > 60°), while 
the Raliang sacred grove covers an area of 20 ha on a gently sloping (10-25°) hill. 

The climate of the area is monsoonic with distinct alternate wet and dry seasons. 
The wet season extends from April to October, followed by a dry period from 
November to March. During the wet season monthly rainfall ranges from 131 to 
1557 mm, while in the dry period it is usually < 50 mm per month. The annual 
rainfall was 6539 nlln during the study period (1999-2000). Relative humidity also 
exhibited marked seasonal variation and was closely related to precipitation. The 
mean monthly temperature varied from a maximum of 26°C in the month of April 
to a minimum of 5 °C in January (Figure 1). 

The soil of the sacred groves was loamy (Raliang) to loamy sand (Jalong) and 
acidic (pH 4.5-4.62). 

Methods 

Vegetation sampling was done during 1999-2000 by randomly laying 50 quadrats 
of 100 m2 in each of the two groves. All woody species (2: 5 cm dbh) in each 
quadrat were tagged and measured. They were identified with the help of the Flora 
of Jowai (Balakrishnan 1981-1983). the Forest Flora of Meghalaya (Haridasan and 
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Figure 1. Monthly mean temperature (max and min), relative humidity and rainfall at Jowai during 
January 1999 and 2000. 

Rao 1985-1987) and the Flora of Assam (Kanjilal et al. 1934-1940). The Herbaria 
of Botanical Survey of India, Eastern Circle, Shillong and Botany Department, 
NEHU, Shillong, were consulted for correct identification of plant specimens. The 
nomenclature of species follows the regional flora. 

Frequency, density, dominance and importance value index (IVI) of all woody 
species were determined according to Misra (1968) and Muller! and Ellenberg _ l\()\" 

(1974). The Whitford index was used to study dispersion patterns (Whitford 1948). 
Shannon's diversity index (H-) and Simpson's dominance index (A) were calcu-
lated according to Magurran (1988). Species richness was studied on the basis of 
number of species per 100m2 area. 

Results 

Species-area curve 

The species-area curves for the two sacred groves were very similar. After a gradual 
increase in the species number with increase in area, they reached an asymptote at 
0.35-0.4 ha. About 80% of the species were found in a 0.35 ha area, while 88-99% 
of the species were encountered in 0.4 ha (Figure 2). 
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Figure 2. Species-area curves of the two sacred groves in the Jaintia hills. 

Species composition and their distribution pattern 

A total of 123 woody species was identified in a 1 ha area of the two sacred groves 
(Table 1). This included two gymnospenns, viz. PillllS kesiya in Ialong and 
Podocarpus neriifolia in Raliang sacred grove. In both groves, trees were distribut­
ed in three distinct strata, namely cam,py (> 15 m height), subcanopy (8-15 m 
height) and under canopy « 8 m height). The canopy layer was composed of Acer 
laevigatum, Betula alnoides, Castano psis sp., Cinnamomum sp., Ficus altissima 
and F. virens, while Antidesma bunius, Diospyros kaki, Pithecellobium monode­
lphum, Helicia nilagirica, and Schefflera hypoleuca constituted subcanopy stratum. 
Coffea khasiana, Erythroxyloll kunthianum, F. hirta, Microtropis discolor, Sar­
cococca prunifonnis and Welldlandia wallichii fonned the under canopy layer. The 
subcanopy, with 40 species, was the most species-rich layer in both sacred groves. 
Species richness (number of species per 100 m2 area) clearly indicated that both the 
communities were a mosaic of high- and low-diversity patches (Figure 3A). 

A total of 82 species belonging to 59 genera and 39 families and 80 species 
belonging to 62 genera of 41 families were identified in 0.5 ha plots in the Ialong 
and Raliang sacred groves, respectively. About 32% of the species were common to 
both groves. Lauraceae with 10 species, Fagaceae and Moraceae (eight species 
each), Araliaceae, Rubiaceae and Theaceae (five species each). Euphorbiaceae (four 
species) and Myrsinaceae (three species) were well represented in the Ialong sacred 
grove. Three families, Clusiaceae, Rutaceae and Styracaceae, were represented by 
two species each, whereas 28 families were monospecific. Similarly, in the Raliang 
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Table 1. Frequency (%), density (number of plants per ha) and IVl of woody species (~ 5 cm dbh) in 
Ialong and Raliang sacred groves. 

Plant species Family lalong RaUang 

Frequency Density IVI Frequency lJcn.~ity IVI 

Canopy layer (15 m height) 

Awl/aevigarum Wall Aceraceae 4 6 1.48 16 26 11.41 

A. Jblongum WalL Aceraceae 2 2 0.68 

Actinodaphne obovata (Nees) Kostenn Lauraceae 50 108 25.59 

Alseodaphne petiofaris HkJ. l..auraceae 2 6 1.85 6 6 1.79 

Betula aJlWideS Buch-Ham Betulaceae 12 12 16.13 2 4 2.39 

Casta/Wpsis indica (Roxb) DC Fagaceae 10 10 2.44 

C. purpurelfa (Miq.) BaIaI;r. Fagaceae 36 62 14.56 8 14 6.58 

C. tribuloides (Sm.) DC Fagaceae 20 30 12.9 

Cillll<llllomum bejolghota (Buch.-Ham.) Sweel Lauraceae 2 2 0.58 2 2 2.02 

Ci. g/anJuliferum (Wall) MeissD. Lauraceae 16 16 5.79 

Ci. gfauceseens (Nees) Meissn. Lauraceae 2 2 3.40 

Cryptocarya jloribunda Nees Lauraceae 6 6 2.05 

Dryrnicarpus racrmosus (Roxb) HH. Anacardiaceae 18 20 5.38 

Eiaeocarpus sikkimellsis Masl EI .... 'OCllIpaceae 2 0.59 

Engelhartia spicara BL Juglandaceae 28 40 18.34 6 8 4.81 

Ficus aiikima BL Moraceae 6 8 7.40 4 4 12.92 

F. vim ... Ail Moraceae 4 4 6.58 8 10 16.08 

Garcillia tinetoria (DC.) W.F. Wight Clusiaceac 2 2 0.53 4 4 1.27 

Knerna all8u.rtifoiia (Roxb.) Warb. M yristicaceae 22 28 7.72 

lithocarpus efaga, ... Soepadmo Fagaceae 20 28 3.46 14 14 7.89 

L. !ellCstrata (Roxb) Rehder Fagaceae 10 12 2.45 2 2 053 

litlrocarplls sp. Fagaceae 6 8 5.55 2 2 052 

MiclU'lia doltsopo DC. Magnoliaceae 2 2 3.90 

Nco/iJsea cassia (Ll Kostetm. Lauraceae 32 64 16.47 

Persea gatnblci (King ex Hk.f.) Kostenn. Lauraceae 4 4 1.82 

Pc. odoratissima (Nees) Kosterm. Lauraceae 14 18 6.06 6 10 3.76 

PilULf kesiya Royle ex. G. Don Pinaceae 2 2 1.19 

Podocarpus IICriifolia D. Don Podocarpaceae 2 2 1.01 

PI'U1IllS jenkinsii Hook. f. Rosaceae 14 20 4.06 48 78 19.97 

Pseudostreblus indica Bureau Moraceae 16 48 14.2 

QuercU.J serrata Thunb. Fagaceae 2 2 0.65 

SlIr .. II.fl'mnll gri.bill.ii Clarke Sapolaceac n 116 36.RR 

Schima wallifhii Dyer 'Thcaceae 14 20 3.&4 4 4 1.50 

Spalldias araIfaris Roxb. Anacardiaceae 2 2 2.26 

Sy:ygiJJm"teir~go,UI11I (WI.) Kwz Myrtaceae 38 60 12.55 12 14 3.74 

Subc:uJopy layer (8-J5 m height) 

Alallgium chirU'nsis (Lour) Harms Cornaceae 14 16 4.08 

Antidesma buniu., (L) Spreng. Euphoroiaceae 2 2 0.4 2 2 0.52 

Beilschmiedia a.rSQl/lica Meissn Lauraceae 8 8 2.23 

B. roxburglr;,ura Nccs Lauraceac 2 2 0.47 

Caryola urrns Linn. Arecaceae 8 8 2.~3 

Ci. k1mIJ/o (Spreng) Nees &. Eberm Lauraceae 4 4 1.05 

Citrus Imipes (Swingle) Tanal.:a Ruraceae 8 8 1.78 6 6 1.56 

Diospyros Wi Lf. Ebenareae 6 8 1.40 2 2 0.62 

Dy.fo.rylm. gobom (Ruch.-Ham.) Merr. Mc6aceac 42 62 14.07 

8. LmlCiJ"liliJ Roxh. Elacoc"'l'accae 2 2 055 
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Table 1. (continued) 

Plant species Family Ialong Ratiang 

Frequency Density IVI Frequency Density IVI 

[ryrhrina arboresceru Roxb. Fabaceae 0.40 

[urya acuminota DC. 'Thcaceae 2 4 0.56 

F. concinna Meq. Moraceae 2 0.55 

F. melelandi var. rlwdodendrifolia Corn. Moraceae 2 2 0.68 

F. nerifolia J. E. Sill. Moraceae 2 2 0.43 2 2 0.52 

G. mare/Ia Desr. Clusiaceae 2 6 1.22 

He/teia ni/agiriea Bedd. Proteaceae 38 62 9.76 IO 28 5.23 

llex embeloides Hook. f. Aqualifoliaceae 2 4 0.75 

Undera larifolia Hook. f. Lauraceae 16 28 4.5 8 10 2.45 

U. nagusa (D. Don) Men. Lauraceae 2 2 0.40 

Ii. miculara Benlh. Lauraceae 8 8 3.16 

Iitsea semicarpifolia (Nees) Hook. f. Lauraceae 8 10 2.47 

Macaranga deruicuiara (Bt) MueU-Arg. Euphorl>iaceae 4 4 1.47 

Macropa"ax dispemulS (Bl) O. Ktze Araliaceae 2 2 0.40 20 24 6.05 

Mallglietill ;,uigll;" (Wall) Bl Magnoliaceae 2 2 0.40 6 8 2.87 

Melia azedarach Unn. Meliaceae 2 2 0.52 

Myrica eseu/anla Buch.-Ham. ex D. Don Myricaceae 6 6 2.85 2 2 0.55 

Myrsine semisemua Wail Myrsina.::eae IO 14 2.37 2 2 0.52 

Pt. bombocyanill (King ex Hk. C.) Kostenn. Lauraceae 2 4 0.73 2 2 0.S2 

Pe. duthiei (Hook. C.) KOSIecm. Lauraceae 2 4 1.03 

Pc. Parviflora Meissn. Lauraceae 4 4 1.27 

Pithixellobium monadelplUll1/ (Roxb.) KOSIecm. Mimosaceae 34 50 9.18 16 18 4.44 

P. acumi"ala (Wall) Dicir. ROs.1ccac 4 6 1.26 

Q. griffithii Hk. f. & Th ex DC. Fagaceae 2 2 0.73 

Rhodode"droll arborraum Sm. Ericaceac 2 2 055 

Rhus acumi"ala DC. Anacardiaceae 28 36 8.73 

Sapil/tius rarok DC. Sapindaceae 2 2 0.52 

Schcfficra elara (Buch.-Ham.) Harms Araliaceae 4 4 0.89 

Sc. Hypalcuca (KUI2) Harms Araliaceae 22 22 4.63 4 4 1.05 

Vaccinium sprenge/ii (G. Don) Rehd Vacciniaceae 2 4 0.66 

Under canopy « 8 m height) 

Ant. khasiana HIc C. Euphomiaceae 2 2 0.40 

CaJophylium palyamhiwn Choisy Clusiaccac 2 0.52 

Camellia caudala Wall. 11tcaceae 30 136 13.86 

Capparis acutifolia Sweet Capparaceae 24 28 6.92 

Clerodendron bracteatum Waip. Verhenaceae 2 2 0.40 

Coffca ""asiano. Hook. C. Rubiaceae 54 100 13.96 4 4 1.04 

Croton ob/ongus Bonn. C Euphorl>iaceae 4 4 0.85 

DeS11W~ 100IgifloIW (Roxb.) Safford Annonaceae 6 6 1.60 

Erythroxylon lamthianum Kurz. Erythroxylaceae 2 2 0.40 2 2 0.52 

Eu. cerasifolia (D. Don) Kobuski Theaceae 10 14 2.11 

[II. japamca Thunb Theaceae 2 2 0.40 

F. elmerii Mcrr. Moraceac 2 0.40 

F. hirta var. roxhurghii (Mig) King Moraceae 8 8 1.56 4 4 1.05 

Itea c/Unensis Hook. & Am. Iteaceae 2 2 0.52 

I. macrophylla Wall Iteaceace 2 2 0.47 

hom SubSfSsi/i., G. Don. Rubiaceac 2 2 0.70 10 10 3.23 

Ii. salicifolia (Nees) Hook. C. Lauraceae 2 2 0.52 
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Table 1. (continued) 

Plant species Family lalong Rafiang 

Frequency Density NI Frequency /.Jcn.<ity IVI 

Marso indica (Roxb.) Wall Myrsinaceac 2 2 0.'10 
Myneo spilllJsa Link. Rubiaccac 4 4 0.79 
MicrO/ropis discolor (Wail) Am. Celastraceae 58 298 2'1.49 -
Ant. diondrum (Roxb.) Roth Euphoriliaceae 2 2 0.40 
Paramignya micrantha Kurz Rutaceae 6 6 1.56 
Phoebe laneeolota (Nees) Nees Lauraceae 16 20 3.79 2 2 0.52 
Picrese1ll4 $p. Simaroubaceac 6 8 1.31 
Pitto.rparum podocorpum Gagnep. Pittosporaceae 6 6 1.65 
Pouzolzia frondosa var. fulgeru (Wedd.) Balakr. Urticaceae 2 2 0.42 
Pseudobrassiopsis hispida (Seem.) R. N. Ban. Araliaceae 4 4 0.78 
PyruIaria edu/is (Wall) DC. Santalaceae 14 20 3.62 
Randia griffithii Hook. f. Rubiaceae 2 0.40 
Sarcococco pruniformis UndL Buxaceae 10 10 2.22 8 1.47 
StercuJaria hamiltonii (0. Ktze.) Adelb. Sterculiaceae 4 6 1.38 
Sryrax serru/atum Roxb. Styracaceae 10 1.71 6 6 1.62 
SI. hookerii CI. Slyracaceae 2 0.40 
Symplocos pyrifolia G. Don. Symplocaceae 6 6 1.66 
Sy. spica/a Roxb Symplocaceae 8 10 1.% 2 2 0.52 
Vwurnum foeridum Wall Caprifoliaceae 2 2 0.40 
WendJondia wallichii W. &. A. Prodr. Rubiaceae 10 20 3.22 4 4 1.05 
Lian.as 

Embelia sulx:oriaceous (Clarlte). Mel. Myr.;inaceae " 4 0.77 
Fissistigma vemu:osum (Hook. f. &. Th.) Merr Annonaceae 10 14 3.09 
Mrlodinu.t mmlOl1Y'IOu., Roxb. Apocynaceae 2 2 052 
ROUTt" IIIiI"" (G;lCI1n.) Leenh. Connanaccae 24 44 6.22 10 12 2.92 
Sc. VCl/uJosa (W, &. A.) Harms Ar:iliaceae 1 2 0.52 
Sc. waJiichiallo (W. &. A.) Harms Araliaceae 2 2 0.40 

Tctrastigma Icuco.'taphylum (Dcnncsl.) Balakr. Vitaceae 2 2 0.53 
T. serullatum (Roltb.) PIanch. Vitaceae 12 14 2.49 
T odaIJia asiatica (L) Lamk. Rutaceae 4 6 0.93 

Tupidanthus calyptratus Hook. C. &. Thoms. Ar:iliaceae 4 4 1.17 
Unidentified $p. 2 2 0.52 
Total 1476 300 938 300 

sacred grove, Lauraceae with 17 species was the dominant family followed by 
Araliaceae, Fagaceae and Moraceae (four species each) and Rubiaceae (three 
species). Eleven families had two species each and 25 families were represented by 
only one species. 

In both groves, the majority of species (65) were represented by young in­
dividuals (5-15 cm dbh) and species richness decreased with increase in dbh class, 
except in the case of mature trees beyond 66 cm dbh (Figure 3B). In both groves 
87 -91 % of the species belonged to Raunkiaer's frequency class A and the rest were 
distributed in the B, C and D classes; class E was completely absent (Table 2). 
Similarly, the majority of species (90-92%) showed a contagious distribution 
pattern and only 6-10% of the species were randomly distributed in the forest 
(Table 3). Regular dispersion was seen only in case of S. griffithii. 
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Table 2. Percentage distribution of species in Raullkiaer's frequency classes in the two sacred groves. 

Sacred grove 

lalong 
Raliallg 

Raunkiaer's frequency class 

A 

86.6 
91.2 

B 

11.0 
3.8 

C 

2.4 
3.8 

D E 

1.2 

Table 3. Percentage of species showing ~ different dispersion Patten:}(based on Whitford's index) in the 
two sacred groves. I t 
Sacred grove 

Ialong 
Raliang 

Density and basal cover 

Whitford's index 

Regular 

1.2 

Random 

9.8 
6.3 

Contagious 

90.2 
92.5 

Distribution of density in different dbh classes is shown in Figure 4. In Ialong and 
Raliang, 74% and 54%, respectively of the stems were in the 5-15 cm dbh class and 
only 2-5% of the individuals were present in the > 66 cm dbh class. The tree 
density varied from 938 to 1476 ha -J in the two groves (Table 4). In Ialong, 738 
individuals encountered in a 0.5 ha area belonged to as many as 82 species. Most of 
these species (48%) were represented by one or two stems. Microtropis discolor had 
the maximum number of individuals (149 stems), followed by Camellia caudata 
with 68 stems (Figure 5). These species together constituted 29% of the tree density 
in the forest. In Raliang 469 individuals belonging to 80 species were present in a 
0.5 ha area. One or two stems represented 53% of the species. S. griffithii had the 
highest number (58 stems), followed by Actinodaphne obovata, which had 54 
stems. Together they constituted about 23% of the stand density. In both sacred 
groves, the density of young trees (5-15 cm dbh) was much greater compared to the 
mature trees (> 66 cm dbh). However, despite this, the basal cover of young trees 
was much lower than that of mature trees (2.72 versus 37.78 m 2 ha -I: Figure 6). 

Domillance distribution patten! 

The dominance distribution yielded log-normal curves showing a high equitability 
and low dominance in both groves (Figure 7). Microtropis discolor (IVI = 29.49) 
and E. spicafa (IVI = 18.34) in Ialong and S. griffithii (IVI = 36.88) and Ac. 
obovata (IVI = 25.59) in Raliang were dominant and co-dominant species, 

respectively (Table 1). 

Discussion 

It has been argued by several workers (cr. Brown 1981) that the productivity of the 
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Figure 4. Distribution of density in different diameter classes in the two sacred groves. 

system and structural complexity or heterogeneity detennine species richness in the 
community. Others have argued that neither ecosystem productivity nor structural 
complexities seem sufficient 08 their own to explain the observed pattern of species 
richness (Putman 1994). Slobodkin and Sanders (1969) opined that species richness 
of any community is a function of severity, variability and predictability of the 
environment in which it develops. Therefore, diversity tends to increase as the 
environment becomes more favourable and more predictable (Putman 1994). In the 
present case it is difficult to pinpoint the exact causes of high species richness in the 
sacred groves with the available data, but it seems that the favourable climatic 
conditions of the area and protection over a long period of time have played a major 
role in making these forest patches highly complex and species-rich. In this respect 
they are similar to tropical forests at Luquillo Mountains in Puerto Rico (Weaver 
and Murphy 1990), Papua, New Guinea (Edwards 1977; Edwards and Grubb 1977), 
and Yanamono, Peru (Gentry 1988). Forests in which only one tree species 
constitutes 50-80% of the canopy have been considered as low-diversity forests 
(Connell and Lowman 1989). On the basis of this criterion, the sacred groves may 
be regarded as high-diversity forest since ca. 28% of the tree species were present in 
the canopy layer. 

Spatial distribution of species richness was not uniforn} in the forest; rather, both 
groves were a mosaic of Jow- and high-diversity patches. This seems to be the result 
of the combined effect of non-extreme stable environmental conditions and gap­
phase dynamics within the forest (Whittaker 1972). 

Since the majority of the species was contagiously distributed and frequency class 
A was dominant, both groves were highly heterogeneous and patchy in terms of 
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Figure 5. Species-stem relationship in a 0.5 ha area of the two sacred groves. 

species distribution. Poore (1968). Ashton (1969) and Herwitz (1981) have de­
scribed tropical rain forests as highly patchy communities. primarily due to gap­
phase dynamics. Clumping of individuals of the same species is often clearly related 
to gap formation and @. dispersal mechanism of the species. Armesto et al. (1986) 
compared the dispersion pattern of trees in tropical and temperate climates in 
different parts of the world and concluded that clumping was characteristic of fort:st 
in which formation of canopy gaps was the chief source of disturbance. Hubbell 
(1979), in dry tropical forest, observed that all species were either clumped or 
randomly dispersed, with rare species more clumped than common species. 

The species represented by one or two individuals in the study plot have been 
considered as rare species. The number of individuals of such species is probably 
kept low by a combination of unfavourable regeneration conditions, lack of 
appropriate habitat, or both (Hubbell 1979). Based on this criterion, 48-53% of 
species may be termed as rare in the two groves. In this respect too, the two sacred 
groves are similar to tropical forests, which are known to posser'> large numbers of 
rare tree species. For example. Paijmans (1970), Thorington ct al. (1982) and 
Parthasarathy and Karthikeyan (1997) reported that 50% of species in New Guinea, 
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Table 4. Density, basal area, dominance, diversity and evenness indices of woody species in two sacred 
groves in the Jaintia flills, MeghaJaya. 

Variahle lalong Ralianl,! 

Density (ha -') 1476 938 
Basal area (m2 ha -') 57.46 71.44 
Shannon's diversity index 3.42 3.55 
Pielou's evenness index 0.53 0.56 
Simpson's dominance index 0.067 0.052 

40% in Barro Colorado Island, Panama, and 47% in the Western Ghats forests were 
rare. 

Abundance of young individuals in both groves, a characteristic feature of 
vegetation on moist and infertile soil (Coomes and Grubb 2000), indicates a slow 
rate of seedling and sapling growth in the understorey and a relatively low rate of 
seedling mortality. This may also be due to tree-fall gaps having a varied mi­
croenvironmentaI variability (Rao et al, 1997), which might have favoured the tree 
species having different regeneration requirements (Phillips et al. 1994). The 
preponderance of young individuals in the mature forest has also been reported from 
the Brazilian Amazon (Campbell et al. 1992), Costa Rica (N adkal1li et al. 1995) and 
the Western Ghats (Parthasarathy 2(01), 

The basal cover (57.46 and 77.44 m2 ha -1) in both the sacred groves is close to 
that of other tropical forests, such as equatorial forest (10-45 m 2 ha -1) in Kongo 
Island, Zaire (Mosango 1991), tropical rain forest (78 m2 ha- I

) in Amazonia 
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Figure 7. Dominance-diversity curves of woody species in the two sacred groves. 

(Campbell et a1. 1992), lower montane forest (62 m2 ha -I) in Costa Rica (Nadkarni 
et a1. 1995), evergreen forest (55.3-78.3 m2 ha- l

) around Sengauheri in the 
Western Ghats (Parthasarathy 2001). and in the dry evergreen forest (32.8 m2 ha -I) 
of Puthupct, South India (Parthasarathy and Sethi 1997). 

The dominance-distribution curve showed a log-normal distribution. A logarith­
mic or broken-stick distribution reflects that the community is primarily ordered 
with respect to one dominating factor, while a log-normal distribution represents a 
more complex community, ordered by a multiplicity of interactions (May 1975). 
The latter appears to be the case for the sacred groves under study. 
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