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CHAPTER I 
INTRODUCTION 

Forests are complex and self-perpetuating system, which cover about 26.6 percent 

of the worlds~ land area (Sharma et al. 1992). They are valuable natural resource that 

ameliorates environmental conditions and contribute to human welfare. A dense forest 

cover reduces soil erosion, regulates stream flow and heat budget of the area, and provides 

shelter to a wide variety of plant and animal species. Besides, influencing climate and 

edaphic processes, forests serve as an important source of food, fuel, fodder, medicine and 

many other things of economic and socio-cultural value for man and his domesticated 

animals. Human activities have always modified the forest environment, but the intensity 

and scale of forest use have increased many folds in the recent years. Everyone is benefited 

when forests are treated as a renewable resource, protected to preserve biodiversity, or 

transformed to support other economic activities on a sustainable basis. Conversely, 

destructive exploitation of forests has caused serious economic, social and environmental 

Josses. 

Depletion of forest is most serious in the tropics, where about 2.5 billion people 

depend on the natural resources for economic and environmental goods and services 

(Rowe et a1. 1992). The effect of human activities on species diversity has attracted the 

attention of ecologist both from theoretical and applied standpoints (Stapanian et al 1997). 

The most important cause of biodiversity Joss in the tropics is shifting cultivation and 

logging for timber based industries (Richards 1996). It has been estimated that every hour 
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2-5 species are being lost from the tropical forests alone. Timber species are inevitably the 

frrst choice to be selectively logged from rich tropical forests, often illegally by 'tree 

poachers' and by wilicensed local people. Given that population densities of many of the 

tree species are often very low, selective logging can easily cause local extinction, only 

trees in the most remote and inaccessible parts are likely to survive. Substantial reduction 

in forest cover is also caused by fuel wood extraction, since nearly 3 billion people 

worldwide depend on wood, primarily on natural forests and trees outside forest areas, as 

their main or only source of household energy (Rowe et. al. 1992). Shifting cultivation is 

probably the most important cause of deforestation, which is practiced everywhere in the 

tropics and subtropics (Richards 1996). 

Meghalaya with a geographical area 22429 sq. km has about 15633 sq. km of forest 

cover (FSI 1999). Out of the estimated 17000 flowering plants in India (Khoshoo 1995) 

the state has 3128 plant species including 1173 endemic species (Khan et al. 1997). 

Though the state occupies only 0. 7% of the total land area of India, it harbours about 21% 

of all the flowering plant species. 

During 1987-1997, the state lost 854 sq. km (5.4%) of the forest cover (FSI 1987; 

1997; Tiwari et al. 1999). For a small state like Meghalaya, this figure is alarmingly large 

area. The main causes of depletion of forest cover in the state are logging for timber trade 

and fuel wood, and continued practice of shifting cultivation. 

The mature forests in Meghalaya are found mainly in the form of Biosphere 

Reserves, National Parks, Wild Life Sanctuaries and Sacred Groves. Out of these, the local 

tribes maintain the sacred groves. The protection of small patches of forest as sacred 
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groves or tree species as sacred trees is an ancient ethos of the people all over the world. 

Although such practices became extinct in most parts of the world, basically due to 

changes in the religious beliefs of the people and their resource use patterns during recent 

times. Sacred groves and sacred trees continue to be of much importance in religion, 

culture and resource use systems in many parts of India (Chandran and Gadgil 1998). 

Sacred groves are ecologically and genetically very important. They are the abodes of rare, 

endemic and endangered species of flora and fawm. Besides, they serve the function of 

preserving the genetic diversity of even common species. The increasing human 

population, along with the deteriorating religious faith, has led to the relentless exploitation 

of these vegetational sanctities in the recent past (Nair et al. I 997). 

In order to wtderstand the co-existence of tree species in the tropical forests, 

attempts have focused on biotic interactions and specialized regeneration requirements of 

the tree species (Grubb I 977; Denslow I 980 I 98 7). The success of tree regeneration in a 

forest is determined by successful completion of several events in the tree's life cycle, such 

as seed production and dispersal to safe sites, gennination and seedling emergence and 

establishment and onward growth (Barik et al. 1996). 

Disturbances such as gap formation, herbivory, landslides, and logging affect the 

abundance and composition of the seedlings in the forest wtderstorey (Benitez-Malvido 

1998) and therefore play an important role in tree regeneration process. Increasing interest 

in the development and management of mixed plantations, wteven-aged stands and natural 

forests has made it imperative to understand the regeneration process that ensures 

maintenance of the commwtity structure and ecosystem stability (Mora vie et. al. 1997). 
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Studies on forest regeneration following canopy gap formation or large-scale 

disturbances such as wind throw and timber harvest. show that seedlings and saplings 

established before disturbance make a significant, if not, dominant, contribution to future 

stand composition (Brokaw 1985; Ashton 1990; Marquis et al. 1992; Morin 1994). Gaps 

increase environmental heterogeneity of forest in several ways (RWikle et al. 1995), and 

provide suitable regeneration niches for several tree species (Grubb 1977). Gaps in 

vegetation are local sites where additional resources, both above- and below-ground, have 

become available due to the absence of the resident plant. As a consequence, the increased 

resources allow neighbours or new recruits located in and around the gap to grow, survive 

and reproduce better than outside (Conell et al. 1997). Gap-phase regeneration of trees 

occurs when canopy gaps are filled with the ·growth of previously SU~Wf~~ed or newly 
~ ~ --

colonizing saplings. This process has important effects on forest architecture, forest .--- . 

composition, and tree population dynamics (Jones 1945; Whitmore 1975; Hartshom 1978; __ ,. --· ·, 

Runkle 1981; Brokaw 1985). In fact mature forests have been described as shifting 

mosaics of different-sized patches cycling through gap, building and mature phases (Watt 

1947; Whitmore 1975; Oldeman 1978;Bormau and Likens 1979). The mosaic concept 

suggests that to interpret forest composition and dynamics one must study regrowth in 

gaps of different s_i~es. 
' 

,-;_:.Light is a major determinant of seedling growth in gaps (Read et al. 1983), 

providing nearly all the required carbon and chemical energy (Bjorkman 1981 ). When 

newly germinated seedlings are in competition with established plants, they are at a 

competitive disadvantageous position because established plants are already fully 
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exploiting the soil_p~ofile and foliar energy. Root competition has usually been shown to 

be more important than shoot competition, both in even-aged stands (Wilson 1988) and 

between established and establishing tree species (Jeangros and Nosberger 1990). The 

shoot competition is mainly for light, whereas root competition is for nutrients and water. 

Several investigators have studied the competition for nutrients (Weldin and Jilmau 1993; 

Snaydon and Howe 1986). Wilson ( 1988) and have reported that root competition 

influences plant dry matter production more than does shoot competition. 

The success of tree regeneration in a forest is determined by successful completion 

of several events in the tree life cycle such as seed production and its dispersal to safe sites, 

germination and seedling emergence, establishment and onward growth (Barik et al. 1996). 

Seedling establishment and juvenile growth are critical periods in the life cycle of 

perennial species. Morphological and physiological attributes during these periods are 

important factors, which determine ecological relationships such as competition, invasion 

and dominance of species (Kramer et al. 1996). 

Recently, number of ecological studies have been carried out in the primary forest 

of the northeast India to wtderstand the structure, function and regeneration status of these 

forests (Rao eta! 1997; Jamir 2000; Law 2002; Tripathi 2001; Upadhaya 2002; Upadhaya 

et al. 2003). 

However, detailed studies on seed and seedling ecology of humid subtropical forest 

species are limited. Therefore the present study was wtdertaken to investigate the seed and 

seedling ecology of three important tree species viz. Podocarpus neriifolia, Acer 
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laevigatum and Syzygium tetragonum of subtropical semi-evergreen forest of northeast 

India with emphasis on the following aspects: 

(i) Effect of light and temperature on seed germination 

(ii) Role of light and soil water and nutrient levels on seedling growth 

(iii) Nutrients concentration, accumulation and their use efficiency under different 

light and soil water and nutrient levels. 
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CHAPTER II 
REVIEW OF LITERATURE 

The economic development of many developing cow1tries of the world is closely 

linked with the exploitation of tropical forests. Incre~sit!&_Q~mand for the forest resources 

from withiti the region as well as from the developed world are important ~~us~~---of 

d~~truction of tropical forests in many parts of the world. Mow1ting pressure on forested 

areas due to rapid population growth for agriculture, livestock grazing, fuelwood and other 

domestic humans needs often end in over-exploitation of tropical forest. Utilization of 

forests for economic growth has led to faster rate of deforestation in many developing 

countries of the humid tropics. It is ironic that the very process of deforestation carried out 

in the name of development is responsible for the steady erosion of the natural resources 

base and life-support system of the forest dwellers. 

Tropical forests have received much attention in recent years because of their 

species richness (Whitmore 1984 ), high standing biomass (Brwrig 1983) and greater 

productivity (Jordan 1983). These forests also act as the major carbon sink (Lugo 1992). 

However, the structure, composition and functioning of forests w1dergo changes as a 

natural process or on accow1t of human and livestock intervention. As a result, there occurs 

lot of spatial and temporal variation in the species richness, composition and productivity. 

The loss of biodiversity is irreversible and has attracted the interest of a number of 

ecologists from both theoretical and applied standpoints (Stapanian et al. 1997). Earlier, 

hwnan impacts were restricted in time and space and therefore, deforested clearings 

usually regenerated to a level close to the original commwrity. Impact of human 
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disturbance on tropical rain forests has changed in pace and scale through time leading to 

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

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

Understanding of the dynamics of the forest is helpful to increase the productivity, 

to maintain species composition? to limit the financial inputs and to develop prescription 

for silvicultural operations (Oliver 1990). 

Phenology is the study of periodically occurring phenomena in relation to climate 

and seasonal cycle. It is an important adaptive trait of plant species since it determines the 

duration and timing of the ~owing season as well as the period of reproduction 

(Lechowiez 1984~ Hanninen 1990; Reich et al. 1992~ Kikizawa 1998). Leith (1970) and 

Leith and Radford ( 1971) have discussed the concepts and significance of phenological 

studies. The seasonal periodicity and sequential patterning of the phenological activity 

differs from one species to another. Several factors, which govern the phenology of the 

flowering plants, determine the reproductive success of the plant species. Among these 

factors, the time, frequency, and duration of the flowering period are obviously of great 

importance. 

Phenological study deals with vegetative and reproductive phases corresponding to 

seasonal changes of a particular area and determines the degree of reproductive synchrony 

with other plant species (Rathcke 1988 a, b). Synchrony among species might be 

advantageous to them as the presence of one species may facilitate the frequency of the 

visit of pollinators and therefore enhance fruit/seed set in another species (Thompson 
...____ -------

1980, 1982~ Rathcke and Lacey 1985). Phenological study is important in plant 
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management and afforestation, honey analysis, floral biology, estimation of reproductivity 

and regeneration (Mulik and Bhosale 1989). Flowering phenology differs from species to 

species in accordance with the ecosystems they associates, thereby suggesting that specific 

patterns of flowering phenology may be characteristic of specific ecosystem types (Po jar 

1974; Heinrich 1976). 

Generally three environmental factors viz., photoperiod, temperature and moisture 

trigger the phenological process in the plants (Rathcke and Lacey 1985). These three 

factors are considered responsible for breaking bud dormancy and initiating developmental 

activity. Once set in motion this process advances as a function of temperature, day length, 

or a combination of the two. 

Seasonal rhythm of flowering and fruiting are not only important from plant species 

reproduction point of view, but also it has a strong relation with the periodicity of the 

related faunal diversity such as 'mobile links' (Gilbert 1980). The flowering and fruiting 

phenology is an important characteristic feature of the tropical trees (Ashton 1969; Frankie 

et al. 1974; Richards 1996; Stranghetti 1997). b1 most cases flowering is reported to occur 

at the end of hot and dry season (Corlett 1993; Stranghetti 1997). Shukla and 

Ramakrishnan (1982) made phonological observations on 122 tree species in a subtropical 

humid forest and found that in majority of the species flushing started towards the end of 

the dry season, the degree and period of leatlessness varying with the species. For most of 

the species, flowering coincided with leaflessness. Proportionately more overstorey species 

flowered during the dry season, while wet season flowering was more characteristic of 
-- -------
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understorey spectes. A majority of the species produced fleshy fruits during the wet 
).__.. ___ _ 

season. Fruits, produced during the dry season, were mostly dry. 

Study on phenological patten1s of plants are important for germplasm conservation 

(Thompson 1980), as well as for better understanding of the ecological adaptations of 

individual species and its interactions with physical environment. The duration of different 

phenophases determines supply of specific resources such as pollen, nectar, fruit and 

seeds. 

SEED CHARACTERISTICS 

Tree regeneration by seed is a critical and frequently studied component of forest 

succession (Grubb 1977; Harcombe et al. 1982; Augspurger 1984; Streng et al. 1989; 

Schupp 1990; De Steven 1991a, b; Gill and Marks 1991). The success of tree regeneration 

in a forest is determined by successful completion of several events in the tree life cycle 

r ~ 

such as seed production and its dispersal to safe sites, germination and seedling 

emergence, establishment and onward growth (Barik et al. 1996). These events serve as a 

bottleneck that restricts regeneration of a particular species (Jones et al. 1994). Seeds are 

the basic raw materials for silvicultural research on native species and for forest 

management, reforestation and breeding programs (Ramos and Zanon 1984). 

Seed production of trees are limited by various extrinsic factors such as resource 

availability, pollination failure, predation on flowers, fruits and leaves, and by climatic 

conditions, as well as by intrinsic factors such as age and size of the plant and its genetic 

constitution (Witm and Werner 1987). 
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Seed dispersal determines spatial arrangement and physical enviromnent of seeds 

from which the next cohort of seedlings will emerge (Wetmy 2000). Howe and Smallwood 

(1982) suggested that two possible advantages of seed dispersal are (i) to colonise new 

~eas and (ii) to escape high mortality rates due to agents associated with the current 

population location. 

The role of seed size and weight in seedling performance has received considerable 
/ --

attention (Howe and Richter 1982; Foster and Janson 1985; Tripathi and Khan 1990; 

Bonfil I 998). The wide differences in seed mass among species have been regarded as au 

important aspect of reproductive strategy (Grubb 1996). Seed mass plays a key role in the 

establishment of plant in its juvenile phase of life cycle especially under conditions of 

scare resources (Grubb and Coomes 1997; Grubb and Burslem 1998). Foster (1986) listed 

several potential advantages of large seeds of moist tropical trees and argued that large 

se_e_4 reserves might be used for the construction of large amount of photosynthetic tissue 

to maintain a positive net energy balance, or might also allow quick seedling growth for 

reaching higher light intensity strata. The differences in seed mass have been related to the 

ecological conditions in which plants establish. The species growing in open habitats have 

been reported to have lower seed mass than those in more closed habitats (Foster and 

Janson 1985; Mazer 1989). Large seeded species have an advantage in competitive 

environments (Gross 1984) and when seedlings experience defoliation (Armstrong and 

Westoby 1993), shade (Laishman and Westoby 1994) or moisture stress (Baker 1972). 
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In a given species, seeds of variable sizes may behave differently, for instance, 

germination percentage of large seeds may be higher than those of small seeds (Tripathi 

and Khan 1990; Khan and Uma Shankar 2001), or small seed may germinate to higher 

percentage than large seeds (Marshell 1986), or germination may be independent of seed 

size (Perez-Garcia et al. 1995). Within a species, heavier seeds may take lesser time for 

germination than lighter seeds (Dunlop and Bamett 1983; Barik et al.1996). Even lighter 

seeds may germinate earlier than the heavier seeds (Murali 1997; Khan et al. 1999) or 

germination time may not be dependent on seed weight (Perez-Garcia et al. 1995). 

Westoby et al. ( 1996) reported that large seeded species establish better in shade, 

w1der drought, when buried beneath soil or litter and in established vegetation. Large seed 

mass might be an advantage in nutrient-poor soils (Stock et al. 1990). It has been shown 

that large-seeded species tend to survive longer in absence of soil nutrients (Jurado and 

Westoby 1992) and their early growth may be less affected by the level of soil nutrients 

(Milberg and Lamont 1997). Under nutrient-poor conditions, high re-translocation of 

mineral nutrients from the cotyledons during growth probably enables large seeded species 

to produce large seedlings. This was confirmed by the fact that the seedling mass of the 

small-seeded species was greatly increased by even small amow1ts of added nutrients 

(Milberg et al. 1998). Their study showed that the influence of seed mass on seedling 

growth decreased with increasing nutrient availability in soil, indicating that it is only 

under extremely nutrient-impoverished situations that seed mass exerts a large influence !/ 
~--·· - -- --- i! 

on seedling perfonnance. Latham (1992) reported maximum response to added nutrients in 
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the smallest-seeded species during a study on six North American tree species grown for 4 

months. 

Y ow1g seedlings from large seeds are more likely to tolerate adverse conditions 

(Milberg et al. 1998). Westoby et al. ( 1996) suggested that the various benefits of large 

seed could have a single w1derlying mechanism i.e., the 'reserve effect'. Thus extra 

metabolic resources in large seeds could support w1predictable levels of carbon deficits 

caused by droughts, shade or herbivory. Under this scenario, large seededness would only 

be beneficial in hazards that are fitful and temporary, and where there is some chance of 

conditions to improve after a while (Milberg et al. 1998). 

Milberg et al. (1998) showed that within two woody families larger seeds contain 

more N, P and K, much of which is tt:_~nsJocated to the young seedling, and produce larger 

seedlings at a diminishing rate in nutrient-impoverished soil. In contrast, smaller seeds 

produce seedlings that respond to nutrient addition so that they may catch up with 

seedlings of the larger seeded species. 

Seeds of most plant species can be stored for short periods without affecting their 

viability, but they gradually lose viability during storage. Palma et al. ( 1995) stored Acacia 

senegal seeds at room temperature for two, three and five years. They fow1d that as the age 

of seeds increased their gennination percentage decreased, and concluded that age of the 

seeds has a great impact on their germination. Pradhan (2000) also reported similar result 

in the case of Alder nepalensis, where irrespective of mode of seed storage, germination 

vigour decreased exponentially with increasing time and reached at the lowest value after 

395 days. 
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Seeds are generally classified as orthodox or recalcitrant with respect to their 

storage behaviour (Roberts 1973 ). Orthodox seeds can be safely dried to low moisture 

content (<10%) and stored at low temperature for many years without significant loss of 

viability. The recalcitrant seeds are sensitive to both moisture loss as well as low 

temperature. Hay and Proberts (1995) defined desiccation tolerance as the ability of seed to 

genninate following drying. Desiccation down to 5% moisture content increased the 

longevity of Azadirachta indica seeds and they were tolerant to desiccation even down to 

3.2% moisture content without significant loss in viability (Nayal et al. 2000). Prichard 

( 1991) reported that damage begins in recalcitrant seed embryos at much higher moisture 

content than that proposed by Roberts (1973)~ embryos of Quercus n1bra were damaged 

when moisture content was still over 40%. 

Orthodox seeds commonly w1dergo a period of desiccation prior to shedding from 

the tree, but recalcitrant-seeded species do not have this final maturation drying stage in 

their evolutionary strategy and are thus vulnerable to moisture loss (Cmmor and Bmmer 

200 1 ). This susceptibility makes any useful period of seed storage for many recalcitrant 

seeded species very short. Forest tree genera with recalcitrant seeds are abw1dantly fow1d 

in the tropics but are less common in the temperate zone (Connor and Bom1er 2001). Some 

temperate tree genera such as Castanea (Jaynes 1969~ Pritchard and Manger 1990), 

Quercus (Bmmer and Vozzo 1987), Aesculus and some A~_~,. spe~ies (Bmmer 1990) have 

recalcitrant seeds. 

Many hypotheses have been proposed to explain the physiological basis of 

recalcitrance. Theories conceming changes in membrane and storage lipids and physical 
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disruption of seed membranes have been proposed by several workers (Flood and Sinclair 

1981 ; Seewaldt et al. 1981; Priestly and Leopold 1983 ). Changes in seed proteins and 

carbohydrates, and the complexities of water properties in seeds have been explored, with 

varying degrees of success (Roberts 1973; Farrant et al. 1985, 1988; Pat.mnenter et al. 

1991; Wesley-Smith et al. 1992). Pammenter et al. (1994) and Berjak and Pammenter 

( 1997) recognized the damage caused by aberrat.1t metabolic processes while seeds are in 

hydrated storage or as water is lost. Thus, while much progress has been made in 

understanding the nature of recalcitrat.1ce, the storage of some recalcitrant tree seed over a 

long period is yet an insurmow1table problem (Cmmor and Bmmer 2001). 

SEED GERMINATION 

The seeds of tropical rain-forest trees show large interspecific variatio11 in time 

taken to germinate. In a sample of 330 species of the forests of Malaysia, 65% of species 

germinated within 20 weeks of sowing fresh seed in a lightly shaded nursery. The 

remaining 35% of the species that took longer than 20 weeks to germinate often had hard, 

thick seed coats or endocarps arow1d the seed (Ng 1980). A number of factors can cause 

delayed gennination in tropical rain-forest tree seeds (Vazquez-Yanes and Orozco-Segovia 

1993). These include low ""'ater content of seed at maturity, presence of a hardseed coat, 

small size at.1d early stage of development of the embryo at.ld the presence of chenucal 

genni11ation inhibitors. Rapid germinators tend to have high seed water content at maturity 

and soft seed coats. Many such species are difficult to store. They lose viability if dried 

and germinate if stored at high water content (Tumer 2001 ). 
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Several studies carried out at different temperature regimes have shown thermal 

dependence of seed germination and have revealed temperature limits for optimum 

genniuation in many species (Labouriau and Osbom 1984; Jacobsen and Bach 1998). For 

instance 22-27°C for Catharanthus roseus (Cardoso 1999), 17 to 27.2°C for Eucalyptus 

grandis (Souza and Cardoso 2000), 25°C for Moringa stenopetala (Teketay 1995), 20-

300C for Trema micrantha (Castellani and Aguiar 2001) and 25°C for Atriplex 

semibaccata (De Villiers et al. 1994). 

The ability of some species to remain dormant in shade and germinate only in direct 

sunlight has been recognized as a characteristic uniting a group of tropical tree species of 

similar ecology. Swaine and Whitmore (1988) used this as a key character to define 

'pioneer' species. These are the fast-growing, shade-intolerant species typically fow1d only 

in gaps or on other early successional sites in the forest. The shade-tolerant species have 

gennination that is generally not dependent on the degree of shading. Swaine and 

Whitmore ( 1988) referred to these species as 'non-pioneers'. Dependence on light for 

germination is correlated with seed size. Gennination in darkness declines progressively as 

seed size decreases (Grime et al. 1981). h1 a gennination experiment w1der 90%, 52% and 

28% of full light, Khan and Uma Shankar (200 1) reported best germination of Quercus 

semiserrata under 52% light. Raich and Gong (1990) investigated the germination of 43 

Malaysian tree species in clearing, gap and forest w1derstorey sites with 60%, 40% and 

1.2% of tull-sw1 respectively. Only seven species genninated equally well at all sites. h1 

the clearing, 16 species showed low gennination rate, or failed completely; 22 species 

genninated at higher rates in the w1derstorey than the clearing and 12 species germinated 
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better in one or other of the open sites than they did in the understorey. Some species 

showed poor gennination in the understorey, but did so readily when these seeds were 

transferred to the clearing. The clearing conditions killed seeds of a number of species. 

Raich and Gong (1990) concluded that a clear dichotomy of species on germination 

response to light was not easy to discem. Similar picture also emerged from a study of 19 

tree species from tropical West Africa (Kyereh et al. 1999). Only three species germinated 

in significantly lower proportions in complete darkness than w1der light treatment and only 

one species responded to variation in R: FR radiation. All species showed some 

germination in forest w1derstorey conditions. The sample included several species that 

were strongly light-demanding such as Ceiba pentandra and Ricinodendron heudelotii. 

NUTRIENTS AND DRY-MATTER ALLOCATION IN SEEDLING 

The growth rate of seedling is closely related to N status in many species (Hirose 

1988; Ingestad and Agren 1988). Furthermore, as small plants are less likely to survive 

during winter than larger ones, survival could be positively correlated with seedling N 

accumulation and growth rate {Walters and Reich 1996). Factors such as irradiance (Dale 

and Causton 1992), light quality (Aphalo and Lehto 1997) and allelopathy (Nilsson 1993) 

have shown to affect N economy. Karlsson { 1987) demonstrated that leaf nitrogen 

concentration differs between species growing on soils with equal concentrations of total 

nitrogen, suggesting au individualistic response of species to fertilization. 
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The rate of nutrient absorption depends upon concentration in the extemal solution, 

since nutrient status of plants declines as the concentration of a given nutrient declines at 

the root surface (El-Ghonemy et al. 1978). Nitrogeti, phosphorus and potassium a~e so 

<!ilute . in the soil solution that mass flow of soil water to meet the transpiration losses 

provides only a small part of the total plant requirement (Chapin 1980). Once within the 

shoot, mobile nutrients such as nitrogen, phosphorus and potassium move preferentially to 

sites of greatest merestematic activity or 'sink strength' as determined by growth form and 

growth stage (Watson 1963; Langer 1966; Mcintyre 1977). Of the mobile elements, 

nitrogen generally has greatest effect on growth, affecting cell number and cell size; 

phosphorus has similar but less pronounced effects and potassium has least effect on 

growth, affecting mainly cell size (Watson 1963; Langer 1966). 

Chapin ( 1980) studied the seasonal movement of nutrients in different growth forms 

in Alaskan tundra and observed that the two morphologically distinct populations were 

most similar to each other and all the deciduous species were more similar to one another 

than the evergreen shrubs. The deciduous species showed relatively high concentration of 

N, P and Kin the leaves, and it changed with season while evergreen species showed low 

concentration of nutrients. Such a difference between evergreen and deciduous species has 

been reported from temperate species (Schlisinger and Chabot 1977) and tropical species 

(Comelissen et al. 1998; Guo Ke and Werger 1999). 

The relationship between foliar nutrient concentration and mean soil fertility has 

been reported differently by different researchers world over. Boemer ( 1984) in Quercus 
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prinus L. and Q. alba L. and Boen1er (1985) in Hammamelis virginiana L. showed that 

foliar nutrient concentration is directly proportional to mean soil fertility, whereas research 

on Acer ntbntm and Fagus grandifolia (Boemer 1984), Comus florida (Kost and Boemer 

1985) and Viburnum acerifolium L. (Minoletti and Boen1er 1994) failed to support this 

hypothesis. 

Changes in the relative abundance of plants along a soil fertility gradient suggest 

that nutrient supply might be exerting a direct influence on plant growth, survival or 

reproductive output at one or more life history stages (Gunatilleke et al. 1997). 

h1 deciduous species nutrient translocation into leaves occurs when conditions are 

least favorable for nutrient uptake from soil, indicating the importance of nutrient storage, 

particularly in the belowgroWid parts. h1 these species seasonal variation in nutrient 

(N,P,K) concentration suggest depletion and removal of stored resources; not observed in 

evergreen species. Some deciduous species are known to support leaf production primarily 

with nutrient stored in belowground parts. Both seasonal stability and small belowground 

biomass of evergreen species suggest that nutrients storage in belowgrow1d part in winter 

is limited. Evergreen-dominated heath tundra typically has smaller proportion of biomass 

belowgrow1d (30-40%) than the deciduous tw1dra (75-85%) as reported by Tyler et al. 

(1973) and presumably has less belowgrow1d nutrient storage. This strategy of nutrient 

reserves of evergreen species places them in a position vuh1erable to herbivores (Rhoades 

and Cates J 976 ). 

Abrahamson and Gadgil ( 1982) suggested that during future studies on mineral 

element allocation one should be careful to compare the plant materials of the same age or 
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state as older leaves are known to accumulate much less phosphate than yow1ger leaves 

and to export N and P as they aged. 

Species adaptability and their successful establishment in different environment can 

be predicted by studying relative apportionment of biomass or energy (MacArthur and 

Wilson 1967; Gadgil and Solbrig 1972; Abrahamson 1975). Such study is also important 

in assessing the adaptive potential of tropical trees occupying different ecological niches in 

a forest conunwlity (Ramakrishnan 1978). Studies on biomass and nutrient allocation are 

mostly available for the herbaceous species. Similar studies on tree seedlings and saplings 

have been carried out by Chapin et al. (1980), Shukla and Ramakrishnan (1984), Agren 

(1988), Santa Regina et al. (1997), Hughes et al. (1999) and Niinemets (2001). 

Shukla and Ramakrishnan ( 1984) studied productivity and biomass allocation of 

two early successional (Duabanga Sonneratioides and Anthocephalus cadamba) and two 

late successional (Dillenia pentagyna and Artocarpus chaplasha) tree species of moist 

tropical forest. Their studies suggest that the former tend to maximize allocation to the 

shoot system at the expense of root system in order to produce canopy as rapidly as 

possible to exploit higher light intensity available in early successional cmmnwlities. The 

late successional species which grow m1der low light regime, on the other hand, showed a 

lllgher allocation to roots. Early successional species have greater root biomass 

concentration to a depth of 20cm in soil profile. Though this may offer poor physical 

support to the shoot system, it probably provides enough absorptive surface to exploit 

nutrient and water particularly at disturbed sites (Marks and Borman 1972; Marks 1975). 

On the other hand, more wlifonn distribution of roots through soil profile in late 
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successional species and higher proportion of total biomass to roots at depths greater than 

20cm may reflect their ability to draw nutrients from deeper layers of soil over a long 

period of time (Shukla and Ramakrishnan 1984). Thus the study on allocation of biomass 

and nutrient in tree species can highlight their adaptive strategy and explain the functional 

position of the tree species with respect to competition for light, energy and nutrients. 

Studies on plant biomass allocation help explain the interaction between different 

abiotic factors and the adaptive strategies of the plants in the ecosystem. Allocation of 

above and belowground biomass across elevation regime shows a decrease, more from 

low- to mid-elevation than from mid- to low-elevation. Species showed a decline in height 

and leaf number with increase in elevation, higher dry mass at low and mid elevation sites 

compared to that of higher elevation and higher biomass of single leaf at mid elevation 

than at higher elevation (Gunatilleke et al. 1998). 

Variation in dry mass allocation between plant parts is a potential mechanism of 

species differentiation along resource gradient (Smith and Huston 1989). Plants which 

grow on nutrient poor soils distribute a greater proportion of dry mass to roots, while 

plants of nutrient-rich soils show greater plasticity in dry mass distribution in response to 

variation in nutrient supply (Chapin 1980). In response to low nutrient availabilities, 

reserves are allocated to root at the expense of shoot growth (Chapin 1980). A 100 - fold 

drop in availability of a limiting nutrient may cause 1.5 to 12 fold increase in root:shoot 

ratio, depending upon species and initial growth conditions (Davidson 1969~ Brewster et 

al. 1975; Christie and Moorby 1975). 
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Guo Ke and Werger ( 1999) in their study on seedlings of evergreen 

(Cyclobalanopsis multinen,is) and deciduous (Quercus aliena var acuteserrata) oak 

species fow1d that evergreen species allocated proportionally more biomass to leaves than 

the deciduous trees. They reported that leaf biomass ratio of evergreen species was about 

twice that of deciduous species, while the root mass ratio of evergreen seedling was about 

two third of that in deciduous species. Shoot: root ratio was higher in evergreen seedlings 

as compared to the deciduous species. Cornelisssen et al. ( 1998) studied the growth of 

eight woody species from British Isles and northem Spain and showed that deciduous 

species grew consistently faster than evergreen species, which indicated that mean relative 

growth rate was closely related to leaf area ratio and specific leaf area. Studies on chir pine 

(Pinus roxburghii) and banj oak (Quercus leucotrichophora), the early and late 

successional species, respectively, in central Himalaya along light gradient, revealed that 

the root: shoot ratio was generally higher for late successional species, and it increased 

with the increase in light intensity while the early successional species showed a reverse 

allocation pattern (Bargali and Singh 1995). 

Studies on reproductive efforts of plants (Agren 1988) revealed that biomass and 

nutrients are not necessarily distributed in equivalent ways and allocation of nutrients may 

provide a better measure of reproductive effort than allocation of biomass. Reekie and 

Bazzaz (1987) argued that carbon because of its energetic role in plants tends to integrate 

the allocation pattem of other nutrients as well, and therefore, can be used as common 

currency to assess allocation pattem. 
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The brief review of literature presented in the foregoing pages clearly indicates that 

ecological studies on important tree species of humid subtropical forest of northeast India 

are limited-;'The present study was m1dertaken to study· germination and seedl.ing behaviour 

of three tree species in gap (light) and forest m1derstorey (shade) conditions as well as 

ooder different soif water and nutrient treatments. 
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CHAPTER III 
STUDY SITE, MATERIALS AND METHODOLOGY 

The field study was carried out in two sacred groves (viz. Urkhla and Khloo 

Langdoh located at Jowai town (latitude 25° 26' 32" N, longitude 92° 12'E, altitude 

1200-13.00 m asl), representing subtropical semi-evergreen broad-leaved forest 

(Champion and Seth 1968) and in the net-house of the Department of Botany, North 

Eastern Hill University, Shillong (latitude 25° 34' N, longitude 91° 45' E, altitude 1450 

m asl). The sacred groves are located ca. 64 km from Shillong, the capital ofMeghalaya 

(Fig. 3.1). 

The two sacred groves Urkhla and Khloo Langdoh are located within a radius of 

1 km in Jowai town. Khloo Langdoh is surrounded by human habitation and Urkhla is 

situated in the outskirts of Jowai town on the north and northeast facing slopes of a hill · 

and is almost double the size of Khloo Langdoh and more dense. A major part of this 

grove is on steep slope (Table 3.1 ). The floristic composition of these two sacred groves 

gives an impression that the two groves might have been one in the past, which got 

"'/fragmented due to human interference (Jamir 2000). 

Table 3.1. Physiographic characters of the sacred groves. 

Name of the sacred Area ha. (approx.) i Direction of slope Angle of slope 
grove I 

--

I 
Urkhla 12 I East 20-30° 

I 

>40° I Northeast 
Khloo Langdoh · 7 East I 10-30° 

______j 

Geology 

Jowai falls in the formation of Jamtia series/Disang series, which are made up of 

Sylhet sandstone consisting of sedimentary structures like wedge and festoon type of 
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cross bedding, ripple marks and burrow markings (Sarma et al.l993). A major portion 

of the Jaintia Hills is characterized by hard sandstone (Ahmad 1993), soft loose sands, 

hard conglomerates, sandstones, sandy shales and sandy clays. 

Climate 

The climate of the area is monsoonic with marked seasonal variation in rainfall 

and temperature. The rainy season starts in early April with interrupted showers, but 

incessant rain begins in June and continues till September often stretching upto 

October. Very high rainfall was recorded during the months of August in 1998 (1640 

mm) and July 1999 (1557 mm) (Fig.3.2). About 75% ofthe total annual rainfall was 

received during May to August in both the years of the study period. The mean 

minimum and maximum temperatures were 4°C and .26°C, respectively (Fig.3.2), and 

relative humidity varied between 45% and 87%. Thus, monthly variation in rainfall, 

soil moisture, temperature and relative humidity were quite prominent. 

Materials 

On the basis of literature survey and field trips conducted during March to June 

1997 in the sacred groves, three canopy trees: Acer laevigatum, a rare deciduous 

species in Meghalaya, having high tim!>er value and used for making agricultural 

implements, Podocarpus neri~folia a gymnospermous species of high timber value and 

also rare in Meghalaya and .S~vzygium tetragonum, a common evergreen species, bearing 

edible fruits (Plate 3.1, 3.2 & 3.3 respectively) were selected for detailed ecological 

study. The tree species were identified with the help of Floras (Hooker I 872-97, 

Kanjilal et al. 1934-40, Balakrishnan 1981-83, Haridasan and Rao 1985-87). The plant 

specimens were compared with the Herbarium (ASSAM) ofBotanical Survey oflndia, 

Eastern Circle, Shillong, for correct identification. 
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Acer laevigatum Wallich, (Aceraceae) Pl. Asiat. Rar. 2: 3-4, t. 104. 182. 1830; Hiern in 

Hook. f. Fl. Brit. India 1: 693. 1875. 

Medium to large deciduous trees, upto 15 m tall with irregularly oval, spreading 

crown~ bark dark greyish-green. Leaves simple, oblong, ovate or elliptic lanceolate, 5-12 X 

2.5-5 em, base row1ded or subacute, acuminate at apex, glabrous, entire or minutely 

serrulate along margins, glabrous, chartaceous~ lateral nerves 6-9 pairs, petioles 1.5-1.8 em 

long. Racemes subcmymbose or panicled, glabrous, appearing with leaves terminal, 5-10 

em long; flowers white; sepals 5, ovate-lanceolate, ca 2 mm long, purplish-green; petals 5, 

obovate, clawed; ovary pubescent. Samarss glabrous; nuts elliptical, almost terete 

reticulate; wings 1.5-3 X 0.5-0.8 em, divergent, reddish when young. Wood white, hard 

and close-grained. 

Vernacular name : Dieng-tyrthiaiong, Dieng-than, Dieng-sohtyrkum (Khasi) 

Flowering and fruiting: March to November 

Distribution: India- UP, WB, Arwmchal Pradesh, Nagaland and Manipur, rare m 

Meghalaya. Nepal, N. Myanmar, West and Central China. 

Uses: Capable of being used as planks and scantlings and for making agricultmal 

implements. 



Plate 3.3 

Syzygium tetragonum Wallich ex Kurz in J. Asiat. Sco. Bengal 46 (2): 66. 1877; Eugenia 

tetragona Wt. Duthie in Hook. f., Fl. Brit. India 2: 497. 1878. 

Trees upto 25 m high, crown ovoid, compact, dense, bark white or greyish, often 

with black patches, leaves 6-9 X 3-7 em, oblanceolate, oblong-oblanceolate or oblong 

elliptic, abruptly shot1ly acuminate to subacute, base cw1eate, attenuate, margin recurved, 

glaucous beneath; panicles just below the leafY areas, upto 5 em long, fascicled; flowers 

0.5-0. 7 em across, white, fragrant; petals calyptrate, berries 0.5-0. 7 em long, globose, 

orange yellow or red, crowned by the calyx-limb, edible. 

Flowering and fruiting : July to May 

Distribution: Bangladesh, Burma, Bhutan and India: very common in Meghalaya. 

Vernacular name: Dieng-sohumkynthei, Dieng-sogthi:mgum (Khasi) 

uses : wood often used for charcoal. 



Podocarpus neri~folia D. Don (Podocarpaceae) in Lamb. Desc. Gen. Pinus 2:21, 1824. 

Hook.f Fl. Brit. India 5: 649. 1888. 

Large evergreen trees 12-18 m high with whorled branches. Bark citmamon brown, 

peeling off in long papery flakes, reddish and finely fibrous inside. Leaves scattered, 10- 15 

X l-2 em, linear-elongate, lanceolate, acumjnate, entire, thickly leathery, glabrous; midrib 

very prominent on both surfaces; longitudinal nerves rather obscure; base ctmeate; petiole 

0.3- lcm long, nearly sessile. Strobilus in clusters or spicate. Pedw1cle of the female 

solitary, axillary, single flowered. Receptale of the fruit oblong, fleshy. Seeds solitary, 

globose, bluish black when ripe. Wood yellowish, even grained. Annual rings rather faint; 

medullary rays numerous, very tine. 

Flowering and fruiting : May to October 

Distribution : E. Himalayas upto 900 m in Sikkim, Arunachal Pradesh, Andamans, Malay 

Peninsula, Bhutan, S.W. China. Rare in Meghalaya. 

Uses: Timber of some importance in Surma Valley, highly prized in Burma. 



Methods 

Vegetation analysis 

Phytosociological status of the studied species in the forest was ascertained by 

randomly laying twenty 1Om x 1Om quadrats in both the sacred groves. Density of the 

woody species (~Scm dbh) were recorded and calculated according to Misra (1968). 

Total tree density in Urkhla was 1299 plants/ha whereas in Khloo Langdoh it 

was 1496 plants/ha Syzygium tetragonum was quite common in Urkhla, with a density 

of 47 individuals/ha. The density of Acer laevigatum and Podocarpus neriijolia was 32 

and 24 individualslha respectively in Khloo Langdoh sacred grove. 

The canopy of the forest is composed of both evergreen and deciduous broad-

leaved trees, not exceeding 30 meters height. In Urkhla the canopy is composed of 

Betula alnoides, Cinnamomum glanduliftrnm, Castanopsis tribuloides and Syzygium 

tetragonum, whereas in Khloo Langdoh Drimycarpus racemosus. Acer laevigatum, 

Cinnamomum bejolghota. Garcinia anomala and Glochidion lanceolarium are the 

canopy species. The sub-canopy in Urkhla is composed of Helicia nilagirica, Quercus 

kamroopii, Lithocarpus elegans, Croton oblongus, Pithecellobium monadelphum, 

Myrsine semiserrata, whereas in Khloo Langdoh this layer is composed of Cojjea 

khasiana. Microtropis discolor and Acronychia pedunculata. The canopy and 

subcanopy tree together forms a continuous dense cover. At places the continuity of the 

canopy cover is broken by the gaps created by tree falls. The torest floor in gaps was 

covered by dense herbaceous vegetation including tree seedlings. Woody climbers and 

twiners were common in the forest. 
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Soil analysis 

Soil samples were collected on seasonal basis from the two sacred groves by 

using a soil corer (diameter 6.3 em and length 30 .em). On each sampling date, five 

cores were obtained from three depths (0-1 0, 10-20 and 20-30 em). The replicated soil 

samples from each depth were mixed thoroughly to obtain a homogenous sample. The 

samples were passed through 2mm sieve to remove large stones and roots. 

Soil moisture was determined gravimetrically by drying 1 Og freshly collected 

-
soil at 105°C to constant weight in a hot air oven (Allen et al. 1974). Soil pH was 

determined by a digital pH meter taking 1:2.5 suspension of fresh soil and distilled 

water (Anderson and Ingram 1993 ). 

Air-dried and sieved (0.2 mm) soils were used for organic carbon, total Kjeldahl 

nitrogen (TKN), available phosphorus and exchangeable potassium. Organic carbon 

was determined by rapid titration method (Allen et al. 1974). TKN was determined by 

digesting the soil samples with concentrated sulphuric acid using Kjeltab as catalyst in 

a block digester. Distillate obtained from micro-distillation set was titrated with N/140 

HCl (Allen et al. 1974). Available phosphorus was determined by molybdenum blue 

method after extracting the soil-P in 0.5M sodium bicarbonate (Anderson and Ingram 

1993). Exchangeable potassium was determined by flame photometer after extracting 

with ammonium acetate (pH. 7) as outlined by Allen et al. (1974). 

Physicochemical characters of the sacred grove soil 

The soils are sandy loam in both the sacred groves. The soil moisture showed 

marked seasonal variation with a peak during July when it was almost saturated 

(86%), and a minimum of 15 % during February (Fig. 3.3). There was no marked 

seasonal variation in other soil properties in both the groves, except for organic matter 
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content (Table 3.2). The soil was acidic in nature with pH ranging between 4.5 and 

4.9 (Table. 3.2). 

Table 3 .2. Physico-chemical characters of soil of the two sacred groves. 

! Nameof ! ·Organic Available Exchangeable 
I the sacred · Texture pH TKN matter Phosphorus potassium(%) 

grove (o/~ (%) 
I Urkhla Sandy 4.51 0.41 7.62 0.015 0.24 
I loam to to to to to 
I 

I 4.88 0.45 7.8 0.017 0.26 
I Khloo Sandy 4.54 0.36 5.17 0.016 0.20 
'Langdoh loam to to to to to 
' 4.86 0.40 5.34 0.017 0.21 

Seed germination 

Mature seeds of Podocarpus neriifolia and Acer laevigatum were collected in 

October 1997, while seeds of Syzygium tetragonum were collected in March 1998 in 

bulk from the two sacred groves. The seeds were brought to the laboratory and cleaned. 

20 seeds were randomly picked from the lot and initial weight recorded to determine 

moisture loss on drying. One lot of seeds were germinated immediately in plastic trays 

(35 em x 30 em wide and 5 em deep) filled with sand of particle size 0.05 mm to 0.8 
..-::-:'" 

mm diameter (ISTA 1985). In this experiment three replicates of I 00 seeds each were 

pressed into the sand after moistening it with distilled water. The seeds germinated 

immediately after collection was considered as the initial percentage viability. Another 

lot was air dried at room temperature (20°C) for one month and stored in plastic bottles 

in the laboratory for viability tests. Viability tests were conducted at a temperature of 

25°C in da;k, as maximum germination percentage was recorded at this temperature. 

The one month drying period was also considered as storage period. 
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Germination response to a range of constant temperature regimes was tested by 

incubating the seeds at 20°C, 25°C and 30°C in a germination chamber (Myers et al. 

1989, De Villiers et al. 1994, Teketay 1995, 97). Seeds were inspected every day and 

were considered germinated when the ra<!_icles were about 2mrn long. In light treatment 

seeds were exposed to constant fluorescent light (320 lux). Seeds receiving dark 
-----~-·-

treatment were wrapped in aluminum foil to provide complete darkness and placed 

randomly in the same germination chamber at the three temperatures. 

Seedling study 

The experiment was started at the same time for all the three species in the 

month of May when Podocarpus and Acer seedlings were six months and that of 
/ 

/ 

Syzygium ~g_,months old. 

Pot culture 

Soil samples were collected in bulk from 0-20 em surface layer in replicates 

from the sacred groves. The homogenised air-dried soil samples weighing 3 kg were 

filled into plastic buckets (20-cm height and 16-cm diameter). To facilitate proper water 

drainage holes were made at the base of the buckets. Altogether 135 buckets were 

prepared for growing the seedlings. Fifteen buckets with two seedlings of a given 

species per bucket were raised at the three soil moisture level viz. 20%, 30% and 40% 

each. 

Similarly seedlings of three species were grown at three levels of NPK 

fertilizerviz. half, full and double dose. Nitrogen as urea 60 kg/ha, phosphorus as single 

superphosphate 30 kg/ha and potassium as muriate of potash 40 kg/ha was considered 

as full dose (Singh et al.l99b). Considering that soil water content for l!nstressed_pl@!~ 
-·---· --- -·----

is about 27% ( Osonubi et al. I 985 ), one set of pots was maintained at 30% (3000g dry 
·/ 
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soil + 160g bucket +900g water), second set at 20% (3000g dry soil + 160g bucket + 
,.../ 

600g water) and third set at 40% (3000g dry soil + 160g bucket+ 1200 g water) soil 

moisture level. Soil water contents of the buckets we(e maintained by weighing the pots 

at regular time intervals and tap water was added whenever necessary. 

Field study 

The field experiments were simultaneously carried out with the laboratory 

experiments. For studying seedling performance, Urkhla sacred grove was selected, 

since Khloo Langdoh sacred grove is surrounded by human habitation and is disturbed 

by domestic animals. Fifty seedlings of each species were transplanted in a medium 
"-- ·--

sized (ca. 20 m2
) canopy gap and in the forest understorey to study the effect of light on 

'----~~--- -:~ 

their growth. The seedlings were tagged with aluminum foil and their fate was 

monitored at an interval of 4 /~ month for one year. 

Light intensity in gap, forest understorey, net-house and full sun were measured 

at monthly intervals by digital Lux meter during the experiment period. Mean light 

intensity as percentage of full sun was 82% in net house, 31% in gap and 2% in the 

forest understorey. 

Growth performance of the transplanted seedlings was studied by harvesting five 

seedlings at 120, 240 and 360 days intervals. Proper care was taken to prevent minimal 

loss of fine roots. On each harvest, leaf number, leaf area, root and shoot length was 

measured. Leaf area was measured using Leaf Area Meter (Licor, USA). The leaf, stem 

and root were oven dried at 80°C to constant weight and weighed. The different plant 

parts were powdered in a Cyclotec grinding mill (Tecator) and stored for NPK analysis. 
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Nutrient analysis in plant parts 

For the analysis of total phosphorus and potassium the powdered samples were 

digested in tri-acid (lml Hcl04 + 5ml HN03 + 0_.5ml H2S04) mixture on a block 

digester. Total phosphorus concentration was determined colorimetrically by 

molybdenum blue method and total potassium was measured by flame photometer 

method(Allen et al. 1974). Total Kjeldhal nitrogen (TKN) was estimated by digesting 

the samples with concentrated H2S04 in a block digester using Kjeltab as a catalyst. 

Distillation was carried out in a semi micro Kjeldhal distillation set and the distillate 

was collected in boric acid indicator. The distillate was titrated with N/140 Hcl (Allen 

et al. 1974). 

Calculations 

I. Percentage germination = No. of germinated seeds/total no. of seeds 

sown X 100 (Schelin et al. 2003 ). 

II. Germination rate = 2:: G/t, where, G =percentage of seeds germinated 

everyday, t =total germination period (Khan and Ungar 1984). 

III. Allocation and accumulation of nutrients in different plant parts were 

calculated by multiplying the mean dry mass with their elemental 

concentration 

IV. Nutrient use efficiency (NUE) of the seedlings was expressed as dry 

matter produced per g nutrient uptake (Gholz et al. 1985). 

lnW2 -lnW1 
V. Relative growth rate (R GR) was calculated. as R = ----------------

(Beadle 1985) 

where, In W2 =Natural logarithm of final weight 
In W 1 = Natural logarithm of initial weight 
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t 1 and t2 =Time between harvest (days) 

VI. Moisture content in soil and seeds was calculated as, 

% moisture = Loss in weight on drying/dry weight X 100 (Air dl)·ing for 

one month in case of seeds and oven dtying at 105°C for soil) 

Statistical analysis 

Wherever required, data were statistically analysed through one-way and two­

way analysis of variance to determine effect of different treatments and between the 

species. 
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CHAPTER-IV 
GERMINATION 

Natural regeneration of tree species depends· upon seed production, viability, 

dormancy, germination and successful establishment of seedlings (Kumar et al. 2000). 

Germination is regulated by several intrinsic factors and environmental conditions on 

the forest floor. The interactions between environmental stresses and endogenous 

dormancy determine the fate of a particular seed that germinates under a given habitat 

condition (Bradford et al. 1992). Dormancy is a seed characteristic, the degree of which 

defines the condition that should be met to make the seed germinate (Vleeshouwers et 

al. 1995). The wider the range of conditions at which a seed is able to germinate, the 

smaller its degree of dormancy (Hilhorst 1993 ). However, most seeds can be stored for 

short periods without affecting their viability. Seeds gradually lose viability during 

storage (Rehman et aL 1999). The germination percentage decreases with increase in 

age of the seeds (Palma et al. 1995). The ageing of the seeds is generally indicated by 

reduced germination (Kalpana and Rao 1995, 1996), reduced germination rate (Chhetn 

et al. 1993) and reduced growth (Coin et al. 1996). 

Among the several environmental factors, temperature 1s the single most 

important factor governing germination percentage and rate of germination (Bewley 

and Black 1985). The fraction of seeds which germinate and the rate of germination 

usually remains constant over a wide range of temperatures. Most workers have 

reported that the optimum temperature for seed germination is 20°C or more and 

declines sharply on either side of this temperature (Thompson 1970). The rate of 

germination, also called embryo developmental rates (Sorensen 1999), usually 
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increases linearly with temperature at least within a well-defined range (Mwale et al. 

1994; Ramin 1997). 

In germination experiment under 90%, 52% apd 28% full light, Khan and Uma 

Shankar (2001) reported best germination of Quercus semiserrata under 52% light. 

Raich and Gong (1990) investigated the germination of 43 Malaysian tree species in 

clearing, gap and forest understorey sites receiving 60%, 40% and 1.2% of full-sun 

PAR. Only seven species germinated equally well at all sites. In the clearing, 16 species 

showed low rates of germination, or failed completely; 22 species germinated at higher 

rates in the understorey than the clearing and 12 species germinated better in one or the 

other open sites than they did in the understorey. Raich and Gong (1990) argued that a 

clear dichotomy of species on germination response to light was not easy to discern. 

Similar picture also emerged from a study of 19 tree species from tropical West Africa 

(Kyereh et al. 1999). Only three species germinated in significantly lower proportions 

in complete darkness than under light treatment and only one species responded to 

variation in F: FR ratio. All the species showed some germination in the forest 

understorey. 

The response of the seeds of three tree species to different temperatures, storage 

time and light on germination percentage and rate of germination have been presented 

in this chapter. 

Results 

a). Effect of storage time 

After 30 days of air drying, the seeds of Podocarpus neri?fo/ia and Syzygium 

tetragonum lost 28% and 50% moisture respectively. Acer laevigatum lost only 2% 

moisture. 
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The germination percentages of Acer, Podocarpus and Syzygium seeds 

immediately after collection were 85%, 82% and 92% respectively. The time taken for 

initiation of germination was 2 days in Podocarptts neriifolia, 9 days in Syzygium 

tetragonum and 10 days in Acer laevigatum. Germination was completed by 21, 20 and 

24 days in Podocarpus neriifolia, Syzygium tetragonum and Acer laevigatum 

respectively. Germination percentage decreased with increase in sto~_==t.~~- In case --
of Acer it decreased from 74% at 30 days to 9 % at 150 days (Table: 4.1 ). Seeds of 

Syzygium tetragonum showed a trend to similar that of Acer laevigatum. Its germination 

was 21% at 30 days and the seeds became non-viable after 60 days of storage, therefore 

there was no germination. The germination percentage of Podocarpus neriifolia was 

very high (82%) immediately after collection, but seeds did not germinate beyond 30 

days of storage. 

Table: 4.1. Effect of storage period on germination of Acer laevigatum, Podocarpus 
neriifolia and Syzygium tetragonum seeds at 25°C {values are mean of three 
replicates each of 100 seeds) 

---

Storage Germination Time taken for Mean time Mean time 
time (%) initiation of taken to taken for 

(days) germination achieve 50% completion of 
(days) germination germination 

(da}-s} (days) 
Acer laevigatum 

Odays 85.00 10 17 24 
30 days 74.33 10 16 21 
60 days 70.66 12 18 25 
90 days 31.33 14 18 26 
120 days 20.00 18 22 27 
150 days 9.33 22 24 29 
180 days 0 

Podocarpus neriifolia 
0 days 82 2 8 21 

30 days 0 
Syzygium tetragonum 

0 days 92.5 9 14 20 
30 days 21.00 IO 13 17 
60d ·s 0 
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b) Effect of dark and light at different temperatures 

The germination of Acer laevigatum seeds in dark at 20°, 25° and 30°C was 82, 

86 and 78% respectively. The corresponding values \lflder light condition were 76, 84 

and 75% (Fig. 4.1). Similarly, Podocarpus and Syzygium seeds showed higher 

germination at 25°C both in light and dark. There was no significant difference in 

germination between light and dark. ANOV A of the results did not . show any 

significant effect of tempeniture on germination. 

Germination rate was high at 25°C (Fig: 4. 2) both in light and dark in all the 

three . species. One-way ANOV A showed significant effect of temperature on 

germination rate of Syzygium andAcer (P<0.05) and Podocarpus (p<O.OS). 

Discussion 

The results of the present study are in conformity with the findings of Bradford 
..,---­

et al. (1993), and Thornton and Powell (1995) who found that germination is delayed 
~ 

with ageing of seeds. Pradhan (2000) also reported that the germination vigour of Alnus 

nepalensis seeds decreased exponentially with increasing storage time interval and 

reached lowest value after 395 days. 

The germination percentage decreased with increase in storage time in all the 

three species but in Syzygium tetragonum the value was much lower (21%) as 

compared to that of Acer laevigatum (74%) during the first 30 days of storage. Seeds of 

Syzygium tetragonum became totally non-viable beyond 60 days and those of 

Podocarpus failed to germinate beyond 30 days of storage. Similar trends have been 

reported by Uma Shankar and Khan (2001) in Aquilaria malaccensis where 

germination declined sharply during storage, and it was negligible after 30 days. Nath 

et al. (1999) recorded a progressively decJining germination percentage of seeds sown 
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in sand with increasing storage time. The low germination in the present studied species 

with the increase in the storage time could be due to the loss of J!loisture content of the 
.,._~ - .h -- ' 

seed at room temperature as cold storage of seeds prolong viability retention time. 

Boojh and Ramakrishnan (1982) reported in Schima species that, there was a marked 

decrease in germination percentage with the passage of time, but the seeds stored at ~ 

maintained better viability. and germinability even after 1 year of storage. 
-­.--

The opt!mum temperature range of 20°C to 30°C for germination of seeds as 

observed in the present study has been reported by many workers (Teketay 1995; 

Castellani and Aquiar 2001; Finneseth et al. 1998; Meyer et al. 1989). Teketay (1995) 

reported that germination of Moringa stenopetala increased with increase in 

temperature until 25°C, but it gradually declined thereafter, germination was inhibited 

to a larger extend at 15°C and completely inhibited at 1 0°C. Chrysothamnus nauseosus 

seeds germinated to full viability within 4 weeks at 20°C, 25°C and 30°C indicating that 

any dormancy exhibited at lower temperatures was conditional or temperature 

dependant (Myers et al. 1989). Castellani and Aguiar (2001) also concluded that for 

seeds of a pioneer tree species Trema micrantha, 20°C to 30°C was required for 

germination. 

The germination of Acer laevigatum, Podoca1pus and Syzygium seeds was high 

(above 70%) both in light and dark. The ability of some species to remain dormant in 

the shade and germinate only in direct sunlight has been recognized as a characteristic 

feature uniting a group of tropical tree species of similar ecology. Swaine and 

Whitmore (1988) used this as a key character to define 'pioneer' species, which are 

fast-growing, shade-intolerant typically found only in gaps or other early successional 

sites in the forest. The more shade-tolerant species have germination that is generally 
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not dependent on degree of shading. Swaine and Whitmore (1988) referred to these 

species as 'non-pioneers'. Raich and Gong (1990) investigated the germination of 43 

Malaysian tree species in clearing, gap and forest understorey sites. They argued that a 

clear dichotomy of species on germination response was not easy to discern as a more 

complex pattern of seed responses was seen. Similar picture emerged from a study of 

19 tree species from tropical West Africa (Kyereh et al. 1999). Only in three species 

germination was significantly lower in complete darkness than under light treatment, 

and only one species responded to variation in R: FR ratio. All the species showed 

some germination in forest understorey conditions. The sample included several species 

that were strongly light-demanding such as Ceiba pentandra and Ricinodendron 

heudelotii. Finneseth et al. (1998) also did not observe significant effect of light on 

germination of Asimina triloba. 

The results of the present study show that in the absence of other limiting factors 

(eg. water, light, and media), the germination of Acer laevigatum, Podocarpus 

neriifolia and Syzygium tetragonum seeds are influenced by temperature and storage 

time. The optimum temperature for germination of the above three species was 25±3°C. 
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CHAPTER-V 
SURVIVAL AND GROWTH OF THE SEEDUNGS 

Survival, growth and establishment of tree seedlings ooder different environment 

< / 

are mainly determined by the availability of light, water and nutrient resources and by the 

competitive . ability or adaptive strategies of the species along these environmental 

gradients (Law 2002). Adaptability of plants to various environmental conditions is 

determined by their differences in morphological and physiological traits and attributes. 

Morphological attributes are predominantly associated with differences in capacity of 

dehydration avoidance (Kramer 1983), with root and leaf adaptations playing an important 

role in promoting better plant water balance (Pallardy and Rhoads 1993 ). Development of 

vigorous root system is critical to the successful establishment of seedlings because soil 

water resources must be exploited to make up for the transpirational losses of rapidly 

growing seedlings (Harper 1977; Meyer and Boyer 1981). The pattern of allocation of dry 

matter to root and shoot affects water relations; greater drought tolerance has been 

associated with smaller investments in shoot growth as compared to the root growth in 

numerous species (Pallardy 1981; Abrams 1990). 

Light is a major environmental factor limiting growth and survival of many forest 

species (Chazdon et al. 1996; Whitmore 1996). Gap formation due to tree fall or dropping 

of branches in the forest provides suitable micro-sites for recruitment of seedlings of 

pioneer or shade intolerant tree species. Gap increases environmental heterogeneity of 

forests in many ways. Light and soil parameters (moisture, nutrients) vary with gap size; 

the centers of large gaps are different from the centers of small gaps, which are different 
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from the surrounding understorey (Runkle et al. 1995). The entire process of seedling 

establishment starting from germination, seedling recruitment and their growth and 

development is strongly influenced by micro-site· heterogeneity and micro-climatic 

conditions prevailing in the gaps (Vance and Running 1985; Barik et al. 1992; Rao et al. 

1997; Coomes et al. 1998). 

In forest ecosystems, low light intensity often proves to be a limiting factor for 

seedling growth and plays a significant role in determining the outcome of the competitive 

struggle between seedlings and established plants (Rao and Singh 1985). Neighbouring 

plants may interfere with and reduce each other's supply of light by direct interception 

(Harper 1977). Light availability decreases during succession from early to late 

successional stage, as biomass increases (Parrish and Bazzaz 1982). Obviously, the 

species, which appear in later stage of succession, should have better ability to utilize light 

than those appearing in the earlier stages (Zanger! and Bazzaz 1983). Seedlings of primary 

or shade tolerant species perform better in the under canopy or shade (Whitmore 1975). In 

a study from Borro Colorado Island, Welden et al. ( 1991) reported that growth of seedlings 

and saplings of majority of species was more rapid in areas of low canopy gaps where light 

was more than in the areas of high canopy trees. The emergent and dominant canopy layer 

species showed high sapling mortality rate than the less common species (Okuda et al. 

1997). 

Field studies have left no doubt that desiccation is a ~ajo( source of seed!~g 

mortality in the understorey of a wide range of forest types including rain forests. Water 
'-~ 

and nutrient deficits are caused by water and nutrients not being supplied to plants at the 
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rate required for their maxtmum growth. Low nutrient availability and effects of 

neighbouring vegetation are other factors, which determine seedling growth and 

establishment (Weih and Karlsson 1999). Competition between roots of different species 

for uptake of water and nutrients depends on whether they coexist in the same soil zone or 

whether their demands are segregated spatially or temporally. Differences in the 

morphological and anatomical features of the root system may also be important in this 

respect (Nambiar and Sands 1993). 

The present chapter deals with the survival and growth of seedlings of Podocarpus 

neriifolia, Acer /aevigatum and Syzygium tetragonum under different light, and soil water 

and nutrient conditions. 

Results 

Survival of the transplanted seedlings in gap and forest understorey 

Survival of transplanted seedlings of all three species was P.?Or in the understorey 

' 

than in the gap. At the end of 360 days Acer /aevigatum showed 67% mortality in the 

understorey and 58% in gap. In f.,yzygium tetragonum 58% mortality was observed in 

understorey and 50o/o in gap. Podocarpus neriifolia exhibited 37% mortality in the 

understorey and only 16% in gap (Table 5.1). 

Table 5. 1. Average mortality (o/o) of transplanted seedlings in gap and w1derstorey 

Name of the species Observation period Mortality 
(Days) Gap Understorey 

120 0 2 
Podocarpus neriifolia 240 8 25 

360 16 37 
120 8 15 

Acer /aevigatum 240 40 50 
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Syzygium tetragonum 

360 
120 
240 
360 

Seedling growth in gap and understorey 

Root and shoot length 

58 
2 

48 
50 

67 
10 
53 
58 

Root and shoot growth of the three species was significantly (P<O.OOl) higher in 

gap than in the forest understorey (Fig. 5.1; Plate 5.1). 

Leaf 

Mean leaf area and LMA was significantly (P<0.01) higher in gap than in forest 

understorey in all the species (Table 5. 2). In gap the LMA was 18.4 mg/cm2 in Acer 

laevigatum followed by Syzygium tetragonum (5.4 mg/cm2
) and Podocarpus neriifolia (5.1 

mg/cm2
). The corresponding values in forest understorey were 14.3, 3.0 and 3.6 mg/cm2 

(Table 5. 3). 

Table 5. 2. ANOVA showing effects of gap and understorey on leaf area of Podocarpus 
neriifolia, Acer laevigatum and Syzygium tetriigonum seedlings 

Species Harvest period F value Probability level 
(days) (P<) 

120 7.42 0.05 
Podocarpus neriifolia 240 19.14 0.01 

360 32.31 0.01 
120 33.31 0.01 

Acer laevigatum 240 12.10 0.01 
360 14.91 0.01 
120 52.72 0.01 

Syzygium tetragonum 240 11.17 0.01 
360 13.09 0.01 
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Plate. 5.1. Podocarpus neritfolia, Acer laevigatum and Syzygium tetragonum seedlings 
after 360 days of growth in gap and understorey (shade) 



Table 5. 3. Mean leaf area (cm2
), number of leaves/plant and leaf mass per unit area 

(LMA) in gap and understorey. 

S~ecies Light conditions Leaf area Leaf number LMA (mg/cm2
} 

Podocarpus neriifolia 
Gap 3.65 22 5.1 

Understore}:: 1.93 11 3.6 
Acer laevig_atum 

Gap 4.37 10 18.4 
Understore}:: 2.21 6 14.3 

Syzyg_ium tetrag_onum 
Gap 16.96 17 5.4 

U nderstorey 3.18 12 3.0 

Dry mass 

The seedlings in gap had higher dry mass than those in the understorey. The mean 

dry mass at the end of the experiment was 2838 mg/plant in Syzygium tetragonum, 952 

mg/plant in Podocarpus neriifolia and 516 mg/plant in Acer laevigatum in the gap. The 

corresponding values in the understorey were 97, 160 and 124 mg/plant (Table 5. 4). 

Table 5. 4. Mean dry mass (g planf1
) accumulation in Podocarpus neriifolia, Acer 

laevigatum and Syzygium tetragonum in gap and understorey. 

Species Dry m3;ss 
Light conditions 120 daiS 240 dais 360 daiS 

Gap 238 316 952 
Podocarpus ner;;f_olia Understore}:: 54 90 160 

Gap 196 292 516 
Acer laevig_atum Understorey 52 82 124 

Gap 796 1720 2838 
Syzygium tetragonum Uuderstorey 50 72 97 

Root: shoot ratio 

In all three species root: shoot ratio was higher in gap than in the w1derstorey (Table 

5.5). 
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Table. 5. 5. Mean root: shoot ratio in Acer laevigatum, Podocarpus neriifolia and 
Syzygium tetragonum in gap and w1derstorey after 360 days of growth. 

Species 

Podocarpus neri?folia 

Acer laevigatum 

Syzygium tetragonum 

Relative growth rate (RGR) 

Light conditions 
Gap 

Understorey 
Gap 

Understorey 
Gap 

Understorey 

Root: shoot ratio 
0.516 
0.333 
0.70 
0.50 
0.347 
0.266 

The RGR of all three species was higher in gap than in ooderstorey. Syzygium 

tetragonum, Acer laevigatum and Podocarpus neriifolia seedlings showed 5.5, 4.5 and 2.8 

times, respectively, higher RGR in gap than in the forest ooderstorey during the first four 

month of growth. Thereafter the seedlings did not exhibit significant difference in RGR 

(Table 5. 6). 

RGR in gap during the first four month was 77 mg day·1 planf1 in Syzygium, 46 mg 

day·1 planf1 in Podocarpus and 41 mg day-1 planf1 in Acer. The corresponding values in 

ooderstorey were 14 mg day-1 planf1
, 16 mg day-1 planf1 and 9 mg day-1 planf1

. 

Table 5.6. RGR (mg day-1 planf1
) of Podocarpus neriifolia, Acer laeviga(um and Syzygium 

tetragonum in gap and ooderstorey. 

Species Light conditions Sampling period (days) 
120 240 360 

Podocarpus neriifolia 
Gap 46 25 14 

Understorey 16 13 12 
Acer laevigatum 

Gap 41 14 11 
Understorey 9 8 8 

Syzygium tetragonum 
Gap 77 19 9 

Understorey 14 7 7 
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Seedling growth under different soil moisture levels 

Root and shoot length 

At the end of the experiment Podocarpus nerUfolia and Syzygium tetragonum 

showed highest shoot growth at 40% soil moisture level, while the best shoot growth of 

Acer laevigatum was observed at 30% soil moisture level (Fig. 5.2; Plate 5.2, 5.3 and 5.4). 

The root growth of Podocarpus neriifolia and Acer laevigatum was better at 20% level 

(Fig. 5.3). However, a significant progressive growth in shoot and root length with 

increasing soil moisture was observed only in Syzygium tetragonum. With age there was an 

increase in shoot and root length in all the three species. 

Leaf 

The mean leaf area of Syzygium tetragonum increased significantly (Table 5. 7) with 

the increase in soil moisture while that of Acer laevigatum and Podocarpus neriifolia did 

not respond to watering. Variation in leaf area with age was not observed in any of the 

three species. With the increase in soil moisture LMA decreased in Acer laevigatum while 

it increased in Syzygium tetragonum and in Podocarpus neriifolia no definite trend was 

observed (Table 5.8). 

Table 5. 7. ANOVA showing effect of moisture level on leaf area of Podocarpus 
neriifolia, Acer laevigatum and Syzygium tetragonum seedlings. 

Species Harvest period (days) F value Probability level (P<) 
120 1.16 NS 

Podocarpus neriifolia 240 1.15 NS 
360 3.63 0.05 
120 3.75 0.05 

Acer laevigatum 240 0.65 NS 
360 0.45 NS 
120 13.84 0.01 
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Plate. 5.2. Podocarpus neriffolia seedlings after 360 days of growth under 
three soil moisture (%) levels. 



Plate. 5.3 . Acer laevigatum seedlings after 360 days of growth under 
three soil moisture(%) levels. 



Plate. 5.4. Syzygium tetragormm seedlings after 360 days of growth under three soil 
moisture(%) levels 



Syzygium tetragonum 240 
360 

5.69 
12.02 

0.05 
0.01 

Table 5. 8. Mean leaf area (cm2
), number of leaf/plant and mass per unit leaf area (LMA) 

under three soil moisture levels. 

Species 

Podocarpus neriifolia 

Acer laevigatum 

Syzygium tetragonum 

Dry mass 

Soil moisture level Leaf area Leaf number 
(%,) 

20 
30 
40 

20 
30 
40 

20 
30 
40 

5.73 
5.47 
5.81 

12.57 
11.48 
12.82 

10.99 
15.75 
23.85 

28 
34 
37 

19 
39 
41 

19 
17 
16 

LMA 
(mg/cm2

) 

8.7 
10.3 
9.2 

5.3 
4.3 
3.8 

8.6 
9.4 
9.7 

There was a progressive increase in dry mass of Syzygium tetragonum seedlings 

with increase in soil moisture level. The other two species did not respond to soil moisture 

level. Progressive increase in dry mass accumulation with age was observed in all three 

species. In all the species shoot dry mass was higher than root under all soil moisture 

levels (Table. 5.9). 

Table.5. 9. Mean dry mass (g planf1
) accumulation in Podocarpus neriifolia, Acer 

laevigatum and Syzygium tetragonum under three moisture levels. 

Dry mass . 
Species Soil moisture levels (%) 120days 240days 360 days 

20 1.22 2.06 3.16 
Podocarpus 30 1.32 1.79 4.16 

neriifolia 40 1.93 2.64 3.91 
20 2.09 6.12 10.32 

Acer 30 2.09 7.94 11.26 
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laevigatum 40 2.35 4.76 11.36 
20 0.87 2.48 5.36 

Syzygium 30 2.51 6.56 9.71 
tetragonum 40 3.60 9.81 10.61 

Root: shoot ratio 

The effect of soil moisture levels on root: shoot ratio was prominent only at the end 

of the expeiiment (360 days). It gradually decreased with increasing moisture level in all 

the species (Table 5.10). 

Table 5. 10. Mean root: shoot ratio in Acer laevigatum, Podocarpus neriifolia and 
Syzygium tetragonum ooder three soil moisture levels after 360 days 

Species Soil moisture level Root: shoot ratio 
% 
20 0.59 

Podocarpus neriifolia 30 0.52 
40 0.39 
20 0.98 

Acer laevigatum 30 0.70 
40 0.63 
20 0.88 

Syzygium tetragonum 30 0.58 
40 0.46 

Relative growth rate (RGR) 

In all species maximum value of RGR was recorded at 120 days, thereafter it 

gradually declined. Syzygium tetragonum exhibited a marked increase in RGR with the 

increase in soil moisture level during the first four months of growth attaining the highest 

value of 115 mg day-1 planf1
• As compared to this. the peak values of Acer laevigatum 

(106 mg day-1 phmf1
) and Podocarpus neriifolia (98 mg day-1 planf1

) were low (Table 

5.11). 
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Table 5. 11. RGR (mg daf1 planf1
) of Podocarpus neriifolia, Acer laevigatum and 

Syzygium tetragonum ooder three soil moisture level. 

Species Soil moisture level (%) Sampling period (days) 
120 240 360 

Podocarpus neriifolia 
20 86 12 12 
30 88 30 21 
40 98 9 11 

Acer laevigatum 
20 104 25 8 
30 103 31 6 
40 106 16 19 

Syzygium tetragonum 
20 80 24 18 
30 106 24 9 
40 115 25 6 

Seedling growth under three NPK levels 

Root and shoot length 

Soil NPK levels did not have any significant effect on the growth of all three 

species (Fig. 5.4 & 5.5; Plate 5.5, 5.6 and 5. 7). 

Leaf 

Acer laevigatum, Podocarpus neriifolia and Syzygium tetragonum seedlings did not 

exhibit any significant variation (Table 5.12) in mean leaf area (cm2
) and LMA (mg/cm2

) 

under different levels ofNPK (Table 5.13). 

Table 5. 12. ANOVA showing effect of three NPK levels on leaf area of Podocarpus 
neriifolia, Acer laevigatum and Syzygium tetragonum seedlings 

Species Harvest period Fvalue Probability level 
(days) (P<) 

120 2.22 NS 
Podocarpus neriifolia 240 1.97 NS 

360 1.49 NS 
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Plate. 5.5. Podocmpus neriifo/ia seedlings after 360 days of growth under three NPK 
levels (Nut-0.05 dose == half dose, Nut-1 dose = full dose, Nut-2 dose= double dose) 



Plate. 5.6. Acer /aevigatum seedlings after 360 days of growth under three NPK levels 
(Nut-0.05 dose = half dose, Nut-1 dose = full dose, Nut-2 dose = double dose) 



Plate. 5. 7. 5"yzygium tetragormm seedlings after 360 days of growth under three NPK 
levels (Nut-0.05 dose= half dose, Nut-ldose =full dose, Nut-2 dose = double dose) 



I 
I 

120 0.33 NS 
Acer laevigatum 240 0.03 NS 

360 1.42 NS 
120 1.42 NS 

Syzygium tetr.agormm 240 0.76 NS 
360 3.27 0.05 

Table 5. 13. Mean leaf area ( cm2
), number of leaf/plant and leaf mass per unit area (LMA 

mglcm2
) under three NPK levels. 

NPK levels Leaf area Leaf number LMA {mg/cm2
} 

Podocarpus neriifolia 
Half dose 3.73 18 10.5 
Full dose 5.15 21 8.5 

Double dose 4.68 21 8.1 
Acer laevig_atum 

Half dose 10.24 29 4.4 
Full dose 11.31 22 4.9 

Double dose 13.33 20 5.5 
Syzygium tetragonum 

Half dose 21.86 19 7.3 
Full dose 17.50 21 7.1 

Double dose 17.70 22 7.9 

Dry mass 

There was no significant effect of NPK doses on dry mass accumulation in all the 

three species. Only progressive dry mass accumulation with age was observed (Table 5. 

14). 

Table 5. 14. Mean dry mass (g planf1
) accumulation in Podocarpus neriifolia, Acer 

laevigatum and Syzygium tetragonum under three NPK levels. 

Species D_ry mass 
NPK levels 120 days 240 da_ys 360 days 
Half dose 0.95 1.23 1.32 

Podocarpus neriifolia Full dose 0.92 1.67 1.82 
Double dose 1.10 1.56 1.82 

Half dose 2.27 6.41 8.78 
Acer laevigatum Full dose 1.73 4.64 7.72 
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Double dose 1.96 4.70 8.28 
Half dose 3.42 6.73 8.45 

Syzygium tetragonum Full dose 1.92 7.00 7.68 
Double dose 3.35 5.73 7.82 

Root: shoot ratio 

The effect of NPK levels on root: shoot ratio was distinct only at the end of the 

experiment. With the increase in NPK doses R:S ratio increased in Podocarpus neriifolia 

and decreased in Acer laevigatum, Syzygium tetragonum did not show any trend with 

almost the same value at different NPK levels (Table 5. 15). 

Table 5. 15. Mean root: shoot ration of Acer laevigatum, Podocarpus neriifolia and 
Syzygium tetragonum under three NPK levels after 360 days of growth. 

Species 

Podocarpus neriifolia 

Acer laevigatum 

Syzygiurn tetragonum 

Relative growth rate (RGR) 

NPK level 
Half dose 
Full dose 

Double dose 
Half dose 
Full dose 

Double dose 
Half dose 
Full dose 

Double dose 

Root: shoot ratio 
0.434 
0.467 
0.504 
0.930 
0.930 
0.776 
0.650 
0.687 
0.615 

NPK levels had no effect on RGR of all three species. RGR attained peak during the 

frrst four month of growth in all cases. The values were 106 mg day-1 planf1 in Syzygium 

tetragonurn, 101 mg day-1 planf1 in Acer laevigatum and 81 mg day-1 planf1 in 

Podocarpus neriifolia (Table 5. 16). 
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Table 5.16. RGR (mg day-1 planf1
) of Podocarpus neriifolia, Acer laevigatum and 

Syzygium tetragonum under three NPK levels. 

Species NPK level Sampling period (days) 
120llays 240 days 360 days 

Podocarpus neriifolia 
Half dose 81 4 2 
Full dose 79 14 2 

Double dose 85 7 4 
Acer laevigatum 

Half dose 106 23 6 
Full dose 97 23 6 

Double dose 100 20 12 
Syzygium tetragormm 

Half dose 110 16 4 
Full dose 100 34 5 

Double dose 110 10 6 

Discussion 

Seedlings of Acer laevigatum, Syzygium tetragonum and Podocarpus neriifolia 

showed higher mortality in the forest understorey than in the gap. This indicates that for 

better growth and establishment the seedlings depend on the availability of light. Similar 

observation under natural condition has been made by Law (2002), in primary subtropical 

forests at Raliang and !along in Jaintia hills of Meghalaya, where the seedlings of Acer 

laevigatum and Syzygium tetragonum showed a stunted growth in the forest understorey. 

In the field condition desiccation is a major cause of seedling mortality in the 
-·-- -·-- • - .-< - • 

understorey of a wide range of forest types including rain forests. For example, the dry 

season mortality in first-year seedlings was 73% for Shorea spp. in Malaysia (Turner 

1990). It has been argued that among the potential causes of seedling mortality under 

natural condition various abiotic stresses such as shade, drought and flooding (Walters et 
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al. 1993) and biotic influences such as herbivory, disease, and root competition play an 

important role (Jones et al. 1994). 

Plants common to dry sites tend to allocate proportionally more carbon to roots than 

do plants from moist sites, even when both plants are grown in similar environmental 

conditions (Bongarten and Tesky 1987; Matsuda et al. 1989; Miller et al. 1990). Greater 

allocations of dry mass to shoot in all three species in the present study indicate that the 

range of soil moisture levels maintained in the experiment was not stressful for the 

seedling growth. However, better growth response of Syzygium tetragonum to increasing 

soil moisture level suggests that the species requires higher soil moisture level for better 

growth and is less tolerant to water stress. 

Water stress principally affects two main processes in plants; the development of 

('/' < . 
leaf area and the carbon exchange rate per umt leaf area (Zelitch 1982; Lawlor 1987). 

Plants experiencing drought during vegetative growth tend to develop smaller, often fewer 

leaves well before photosynthetic rates are markedly affected and the rate of leaf area 

growth decreases progressively with increasing drought (Muchow 1985; Zelitch 1982). 

Stress during the vegetative stage reduces the leaf area index (LAI) thereby decreasing 

light interc9>tion. (Kramer 1983) leading to a fall in the efficiency of production per unit 

incident radiation. 

Water conservation in low rainfall regions takes place through a reduced LAI, 

development of specialized leaves with thick cuticles and increased cytoplasmic tolerance 

to desiccation, or deciduousness during dry spells. Besides conserving water, plants in dry 

areas commonly develop d~~p root systems that make use of water stored in the subsoil 
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between rainfall events, and roots that run far outside the crown and capture water from the 

intercrown areas. Greater allocation to root development comes at the cost of reduced 

allocation to leaves and/ or stems (Coomes and Grubb"2000). 

h1 general plants are likely to compete for photosynthetically active radiation 

(PAR), water and essential nutrients (Lewis and Tanner 2000). Pot experiments have 

shown that in many plant species growth rate increases with nutrient addition, but species 

differ as to the lowest PAR level at which they will respond to added nutrients (Latham 

1992; Grubb et al. 1996). Experiments on tropical rain forest tree seedlings have shown 

that some species can respond to nutrient additions down to 0.5 - 3.0 %photosynthetic 

photon flux density (Burslem 1996). 

Nutrient addition in soil did not show any significant increase in dry mass in the 

present study. The fmding is similar to that observed in case of Azadirachta indica, Albizia 

amora, Acacia planifrons, Acacia lenticularis, Hardwickia binata and Tamarindus indicus, 

where there was a decrease in dry mass due to nutrient application (Joshi 1980). This 

indicates that these species may grow on marginal to poor fertility ]evel. 

The results of the present study, however, do not agree to the findings of Weetman 

et al. (1993) on Tsuga heterophylla, Abies amabilis and Thuja plicata, where species 

responded to sewage sludge and N & P treatments during the first growing season with a 

doubling or tripling of growth rates and improved nutrition. Wang et al. ( 1991) found up to 

10 times differences in five tropical tree species in respect of the amount of nutrients they 

required to produce unit biomass. Nitrogenous fertilization significantly increased average 
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plant height, collar diameter, number of leaves, leaf area, and fresh weight and total 

biomass of Acer oblongum seedlings (Masoodi et al. 1996). 

Allocation of biomass and nutrient resources ·in various parts or organs of plant 

species is the result of ecological factor and evolutionary process, which are related to 

natural selection and play important role in determining the niche width of different 
\... -·-- -- _ .. :..--'---• 

species within the natural ecosystem (Ramakrishnan 1978). In general, tree seedlings show 

an increased allocation to shoot and reduced allocation to roots in deeper shade (Ashton 

1995; Veenendal et al. 1996; Lee et al. 1997). Shading reduced root biomass allocation, 

root N uptake rate, plant N concentration and productivity of Betula pubescens seedlings 

(Weih and Karlsson 1999). 

The seedling of all three species had lower allocation of dry mass to root. The 

decrease in R/S ratio with increase in soil moisture level indicates that allocation to roots 

increase as soil moisture level decreased, as it had to compete for acquisition of water. In 

gap also allocation to shoot was relatively more than in the wtderstorey in all the three 

species. Their better growth in gap is also evident from significantly higher leaf area and 

LMA in the forest understorey. Seedling leaves in forest understorey tend to be thinner 

(Ashton and Berlyn 1992; Strauss-Debenedetti and Berlyn 1994; Poorter 1999) and have a 

lower LMA (Fetcher et al. 1983; Veenendal et al. 1996; Davies 1998) than under higher 

irradiance. This is also true in the present case where all species had higher LMA in gap 

than the forest wtderstorey. 

Mass per writ leaf area (LMA) is the product of leaf thickness and density. In 

respect of LMA, the leaves of juvenile plants are quite comparable to the adults except in 
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size (Bullock 1984 ). High leaf dry mass per w1it area is associated with greater leaf 

thickness, which is due to accumulation of photosynthetic compow1ds. The higher LMA of 

these species indicate that they are better adapted to ·gaps where light intensity is greater 

than the forest understorey (Law 2002). 

Increase in RGR of seedlings with increase in light intensity reported by several 

workers (Oswlkoya et al. 1994; Veneklass and Poorter 1998; Kitajima 1994) may not 

continue over a high irradiance level (Veenendal et al. 1996; Boot 1996). Rather it may 

decline at high light intensity (Thompson et al. 1992; Oswlkoya et al. 1994; Veneklass and 

Poorter 1998). 

Relative growth rate (RGR) serves as a fw1damental measure of dry-matter 

production and can be used to compare the performance of a species or the effects of 

treatments under strictly defined conditions. h1 general RGR was highest in S~vzygium 

tetragonum followed in decreasing order by Acer laevigatum and Podocarpus neri~fo/ia. 

Popma and Bongers ( 1988) put forward the hypothesis that RGR in understorey conditions 

was the best measure of shade tolerance, arguing that ultimately growth was what 

mattered. The seedlings of al1 three species in the present study showed higher RGR and 

survival in gap than the forest w1derstorey suggesting the crucial role of light in growth 

and survival of the seedlings. 



CHAPTER VI 
NUTRIENT ALLOCATION, ACCUMULATION AND USE EFFICIENCY 

Resource allocation to different plant parts detennines the fitness of the species. 

Plants show adaptive response in respect of nutrient uptake, water conservation, 

temperature tolerance, pollinator's attraction, herbivore avoidance and seed dispersal etc. 

At some point of time in the life cycle, each of these traits makes a positive contribution 

towards the fitness of a species (Abrahamson and Caswell 1982). 

The success of a plant in an environment can be predicted by relative apportionment 

of biomass and or nutrients in different parts (MacArthur and Wilson 1967; Gadgil and 

Solbrig 1972 and Abrahamson 1975). Species differences in morphology, physiology and 

behaviour arises from their divergent ability to deal with various environmental constraints 

and from their allocation pattems of nutrient and biomass (Cody 1966; Mooney 1972) 

Some plant species allocate high proportion of their biomass to the root allowing them to 

acquire more soil resources than plants with less root biomass, and thus making them 

superior competitors for soil nutrient resources (Tilman and Wedin 1991). By allocating 

more biomass to the root, plant species necessarily have less allocation to stem, leaf and 

reproductive buds and are unavoidably inferior in their ability to utilize light and to 

disperse seeds. The increased allocation in one trait necessarily causes a decrease in 

proportional allocation to other traits (Mooney 1972). 

The present chapter deals with the allocation of N, P and K to shoot and root, their 

total accumulation in plant over time and use efficiency by the seedlings of Podocarpus 
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neriifolia, Acer laevigatum and Syzygium tetragonum under different light, soil water and 

nutrient environments. 

Results 

I. Effect of gap and understorey 

Nutrient concentration 

Nitrogen concentration 111 Podocarpus neriifolia and Syzygium tetragonum 

seedlings was higher in the forest understorey while that of Acer laevigatum seedlings 

recorded higher N concentration in gap. N concentration was higher in leaf followed by 

root and stem. It decreased significantly (p< 0.05) with the increase in age of the seedlings 

of all three species (Fig. 6.1, 6.2 and 6.3). 

Phosphorus concentration was higher in leaf followed by stem and root in all three 

species. Seedlings under forest understorey had significantly (P<O.Ol) higher P 

concentration than those in gap. The concentration decreased with age of the seedlings in 

both the situations (Fig.6.4, 6.5 and 6.6). 

The leaf had higher K concentration followed by stem and root in all three species 

both in gap and forest understorey. The concentration decreased with the age in Syzygium 

both in gap and forest w1derstorey. In Podocarpus and Acer there was no significant 

difference due to seedling age and forest habitats (Fig. 6. 7, 6.8 and 6.9). 

Nutrient accumulation and its allocation pattern in root, stem and leaf 

N accwnulation (mg planf1
) in all plant parts was significantly (p<O.Ol) higher in 

gap than the forest understorey in all species. Leaf accumulated maximum N followed by 

root and stem at both the places, and it increased with age of the seedlings (Fig. 6.10). 
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P accumulation was also higher in gap than the forest w1derstorey in all species. P 

accumulation was more in leaf. Stem and root did not show any significant difference in P 

accumulation (Fig. 6.11 ). 

K accumulation was significantly higher in gap (P<0.05) as compared to the forest 

understorey. Variation in K accwnulation in different plant parts was noticed only in 

Syzygium where leaf had higher accumulation followed in decreasing order by root and 

stem (Fig. 6.12). 

Nutrient use efficiency 

The seedlings of all the three species in gap were more efficient in terms of NPK 

use (Table 6.1). 

Table. 6.1. Nitrogen, phosphorus and potassium use efficiency (mg dry weight produced 
/mg nutrient uptake) of Podocarpus neriifolia, Acer laevigatum and Syzygium 
tetragonum in gap and w1derstorey. 

Nutrient use Light conditions Podocarpus Acer 5"yzygium 
efficiency neriifolia laevigatum tetrag_onum 

Nitrogen use Gap 171 170 155 
efficienc~· Understore~ 1"" .).) 104 136 

Phosphorus use Gap 2729 1655 1293 
efficiency Understore~ 1487 1332 1033 

Potassium use Gap 155 143 119 
efficiency U nderstorey 122 124 86 

II. Effect of soil moisture 

Nutrient concentration in different plant parts 

In all species, N concentration was more in leaf followed by root and stem. The 

different soil moisture levels had no significant effect on it. In Podocarpus neriifolia it 

ranged from 1.25-1.79~o in leaf, 0.40-0.75% in stem and 0.68-1.18% in root. In Acer 
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laevigatum the respective values were 0.78-2.10, 0.30-0.99% and 0.47-1.21%. In Syzygium 

tetragonum concentration in leaf, stem and root were 0.49-1.45, 0.15-0.76% and 0.20-

0.88% respectively. The concentration in different parts decreased significantly (p< 0.05) 

from 120 days to 360 days old seedlings (Fig. 6.13, 6.14 and 6.15). 

Phosphorus concentration patten1 was similar to that ofN, with higher value in leaf 

followed by stem and root in Acer laevigatum and Syzygium tetragonum. Podocarpus 

neriifolia seedlings had high concentration in leaf followed by root and stem. Soil moisture 

levels did not have significant effect on P concentration in different plant parts of all 

species. It decreased significantly (p< 0.05) after 120 days of seedling growth (Fig. 6.16, 

6.17 and 6.18). 

Soil moisture levels did not have a significant effect on K concentration in different 

plant parts of the seedlings (Fig. 6.19, 6.20 and 6.21 ). 

Nutrient accumulation and allocation pattern in root, stem and leaf 

N accumulation was more in leaf followed by root and stem at all soil moisture 

levels in all the species (Fig. 6.22). With the increase in age, there was an increase in N 

accumulation except in Acer laevigatum in which accumulation in the leaf decreased at 

360 days at 30% soil moisture level. There was no definite trend of N accumulation in 

Podocarpus neriifolia and Acer laevigatum with the increase in moisture level. However, 

in Syzygium tetragonum N accumulation in all parts increased significantly (p< 0.01) with 

increase in soil moisture level (Fig. 6.22). 

P accumulation in Podocarpus neriifolia and Acer laevigatum did not show 

significant variation at different soil moisture levels, but it increased with increasing soil 
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moisture in Syzygium tetragonum. P accumulation increased in all plant parts with age, 

except in Acer laevigatum which showed a decrease in the leaf at 360 days (Fig. 6.23). 

K accumulation did not vary between different plant parts in all three species. It 

increased with age in all plant parts, except in Acer laevigatum which showed a decrease in 

the leaf at 360 days. Syzygium tetragonum showed marked increase in K accumulation 

with increasing soil moisture level, whereas in Podocarpus neriifolia and Acer laevigatum 

this trend was not observed (Fig. 6.24). 

Nutrient use efficiency 

Nitrogen use efficiency (NUE) increased with increasing soil moisture level in 

Podocarpus neriifolia and Syzygium tetragonum. Acer laevigatum showed a reverse trend 

(Table. 6.2). 

Phosphorus use efficiency (PUE) decreased with increasing moisture level in Acer 

laevigatum and Syzygium tetragonum but in Podocarpus neriifoha this trend was not 

observed (Table. 6.2). 

The Potassium use efficiency (KUE) of the seedlings showed a trend similar to that 

ofNUE (Table. 6.2). 

Table. 6.2. Nitrogen, phosphorus and potassium use efficiency (mg dry weight produced 
/mg nutrient uptake) of Podocarpus neriifolia, Acer /aevigatum and Syzyghnn 
tetragonum w1der three soil moisture levels. 

Nutrient use Soil moisture Podocarpus Acer .~~vzygium 

efficiency levels(%) neri{folia laevigatum tetragonurn 
Nitrogen use 20 93 132 156 
efficiency 30 98 123 193 

40 124 120 206 
Phosphorus 20 2178 1492 2163 

use efficiency 30 1932 1204 2047 
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40 2156 1131 1843 
Potassium use 20 151 124 112 

efficiency 30 161 119 112 
40 191 116 118 

III. Effect of NPK level in soil 

Nutrient concentration in different plant parts 

N concentration (%) in different species and plant parts did not vary significantly at 

different soil NPK levels. However, it decreased with age in all cases. Leaf had higher N 

concentration in all species at all three NPK levels. In Podocarpus neriifolia N 

concentration in root was less than stem during the initial 120 days of growth, but later on 

concentration in root increased (Fig. 6. 25). Acer laevigatum did not show any trend (Fig. 

6.26). In Syzygium tetragonum N concentration in root was more than stem at 120 days, 

beyond this age no trend was observed (Fig. 6.27). 

With increase in the age P concentration(%) in different parts of seedling decreased 

in all the three species. Leaf had higher concentration in all species at all three NPK levels. 

Podocarpus neri~folia root had higher P concentration than the stem. Acer laevigatum and 

Syzygium tetragonum stems had higher concentration (Fig. 6.28, 6.29 and 6.30). 

Soil NPK levels has no effect on K concentration in all the species. K concentration 

was generally higher in the leaf of all species (Fig. 6.31, 6.32 and 6.33). 

Nutrient accumulation and allocation pattern in root, stem and leaf 

Nitrogen accumulation was more in leaf of all the species at all soil NPK levels. All 

the species accumulated more N in root than stem. With the increase in age of the 

seedlings there was an increase in N accumulation except in Acer laevigatum leaf where it 
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decreased at 360 days old seedlings at all soil NPK levels. Podocarpus neriifolia registered 

an increase in N accumulation in leaf and stem with increase in soil NPK levels (Fig. 

6.34). 

P accumulation in 5,yzygium tetragonum and Podocarpus neriifolia was higher in leaf 

followed by root and stem at all soil NPK levels. There was no significantly difference in P 

accumulation with the increase in soil NPK levels in different plant parts of all three 

species. There was a progressive increase in P accumulation in different plant parts with 

age of the seedlings except in the leaf of Acer laevigatum which showed a decrease at 360 

days at all soil NPK levels (Fig. 6.35). 

K accumulation in Podocarpus neriifolia was more in leaf followed by root and 

stem at all soil NPK levels. In Acer laevigatum and 5,yzygium tetragonum no definite trend 

was observed. There was an increase in K accumulation with age in all parts except in 

Acer laevigatum, which showed a decrease in the leaf at 360 days at all soil NPK levels 

(Fig. 6.36). 

Nutrient use efficiency 

Nitrogen use efficiency (NUE) increased with increasing soil NPK level in 

Podocarpus neriifolia and 5~yzygium tetragonum. In Acer laevigatum the trend was not 

clear (Table. 6.3). 

h1 Syzygium tetragonum Phosphorus use efficiency (PUE) decreased with 

increasing soil NPK levels, but it did not happen in Acer laevigatum and Podocarpus 

neriifolia (Table. 6.3). 
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With increase in soil NPK levels Potassium use efficiency (KUE) of Podocarpus 

neriifolia decreased, while Syzygium tetragonum and Acer laevigatum did not show any 

definite trend (Table. 6.3). 

Table. 6.3. Nitrogen, Phosphorus and Potassium use efficiency (mg dry weight produced 
/mg nutrient uptake) of Podocarpus neriijolia, Acer laevigatum and Syzygium 
tetragonum at three soil NPK levels. 

Nutrient use Soil NPK Podocarpus Acer Syzygium 
efficiency levels (0/o) neriifolia laevigatum tetragonum 
Nitrogen use Half dose 78 139 194 
efficiency Full dose 71 111 197 

Double dose 63 132 202 
Phosphorus use Half dose 1957 1420 1727 
efficiency Full dose 1869 1066 1442 

Double dose 2616 1115 1403 
Potassium use Half dose 114 120 118 
efficiency Full dose 103 107 110 

Double dose 96 j 14 112 

Discussion 

In the present study NPK concentration decreased with increase in age of the 

seedlings of all species. The foliage N concentration in Acer laevigatum (0.66 to 3.07), 

Podocarpus neriifolia (0. 75 to 2.25) and Syzygium tetragonum (0. 60 to 1.45) falls within 

the range ( 1.49-3.03%) to those reported (2.39-2.65%) by Lodhiyal and Lodhiyal (1997) in 

Populus deltoides and for Poplar plantations (1.49-3.03) raised in different parts of the 

world (Van Veen et al. 1981; Carlisle and Methven 1997). Hawkins et al. ( 1999) foWid 

that one year seedlings of Pseudotsuga menziesii and Abies amabilis had higher 

concentration of nutrients than second year seedlings, indicating that new growth was a 

stronger sink for nutrients. High N content in leaves as compared to roots and stem 

confirms the results reported for Populus ciliata (Deol and Khosla 1983) and Acer 
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oblongum (Masoodi et al. 1996). Higher allocation of nutrient to different plant parts play 

significant role in the growth and development of plant species. For example, higher 

allocation of nutrients to root and stem enables the species to survive in low soil nutrient 

condition, and a higher allocation of nutrient to leaf has important ecological implications 

especially in nutrient recycling since leaves constituted the highest proportion of the litter 

fall in terrestrial communities. 

Higher concentration of nitrogen in the leaf during the initial leaf growth has also 

been reported by Santa Regina et al. ( 1997), who argued that during spring season, cellular 

growth is accompanied by high mitotic activity leading to strong demand for nutrients 

particularly nitrogen. During autumn demand for nutri(!ll:ts decreases due to low c_ell 

activity (Ryan and Bormrum 1982). The older leaves are known to accumulate much less 
··~-------

phosphate than younger leaves, and to export nitrogen, phosphorus and potassium as they 

age (Leopold and Kriedemann 1980). 

Deciduous species have higher concentration of nitrogen, phosphorus and 

potassium in the leaves thru1 evergreen species (Chapin et al. 1980). In the present study 

too, concentration of nitrogen, phosphorus and potassium in the deciduous Acer 

laevigatum was higher than evergreen Podocarpus and Syzygium even at their seedling 

stage. 

Biomass allocation does not reflect qualitative trends in nutrient allocation 

(Abrahamson and Caswell 1982). However, it is a reasonable currency to measure the 

nutrient allocation pattern. Studies on nutrient allocation, which could be related directly to 
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nutrient limitation, is particularly valuable in the assessment of the successful adaptation of 

a species in the natural ecosystem (Shaver and Chapin 1980). 

The nutrient use efficiency ( mg dry weight producedlmg nutrient uptake) in the 

present case is similar to Populus deltoides seedlings that ranged between 159 and 175 for 

Nitrogen, 1405 and 1569 for Phosphorus and 295 and 332 for Potassium (Lodhiyal et al. 

1995). 

In the present study, there was ~10 trend in nutri~nt use efficiency with the increase 

in NPK levels. It appears that the concentration of NPK level in soil was not high enough 

to cause marked variation in its availability or nutrient requirement of these species was 

low. Hiremath and Ewe] (2002) have reported that nutrient use efficiency of the species is 

low at high soil fertility. High nutrient use efficiency of the plant species is an adaptive 

strategy to survive on sites of low soil fertility (Srivastava and Behl 2002). Elliot and 

White ( 1994) have suggested that red pine seedlings can adjust their nutrient use 

efficiency, particularly for N, when light and nutrient availability were limited. 

Nutrient use efficiency is also influenced by irradiance. The higher NPK use 

efficiency in gap in all three studied species suggests that the availability of irradiance 

rather than major soil nutrients seems to be the limiting factor for the growth of seedlings 

in this enviromnent. Thus greater nutrient use efficiency in gap appears to be the cause of 

higher total accumulation in plant body. Increased NUE and PUE in Euterpa edulies 

seedlings with increased irradiance have been reported by Illenseer et al. (2002). High 

nutrient use efficiency of the plant species could be au adaptive strategy to survive on sites 

of low soil fertility. 
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Seed germination 

CHAPTER VII 
GENERAL DISCUSSION 

The seeds of tropical rain-forest trees show a large interspecific variation in time 

which they take to germinate. Out of 330 species of the Malaysian forests, 65% 

germinated within 20 weeks of sowing of fresh seeds in a lightly shaded nursery (Ng 

1980). The 35% of the species that took longer than 20 weeks to germinate often had 

hard, thick seed coats or endocarps around the seed. A number of factors can cause 

delayed germination in tropical rain-forest tree seed (Vazquez-Yanes and Orozco-

Segovia 1993). These include low water content of seed at maturity, presence of hard 

seeds coat, small size and early stage of development of the embryo and presence of 

chemical germination inhibitors. 

Rapid germinators tend to have high seed water content at maturity and soft seed 

coats. Many such species are difficult to store. They lose viability if dried and germinate 

if stored at high water content (Turner 2001 ). This led seed physiologists to develop a 

classification system based on the potential of seeds to be stored. Orthodox seeds are 

those that can be stored in a dormant state for a relatively long period (many months). 

usually at relatively low seed water content. Recalcitrant seeds are the rapid germinators 

that cannot withstand drying. Many tropical tree species produce large, soft-coated seeds 

of high water content that are recalcitrant (Roberts 1973) as observed in Podocarpus 

neriifolia and Syzygium tetragonum 
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The high germination percentage of Acer, Podocarpus and Syzygiurn seeds 

immediately after collection and their quick germination starting within 2 days in 

Podocarpus neriifolia, 9 days in Syzygium tetragonum to 10 days in Acer 

laevigaturn indicate their recalcitrant nature. A rapid loss in viability of these seeds 

with the exception of Acer during storage further show that they do not have the 

character of orthodox seeds. Highly recalcitrant seeds found in tropical forests and 

wetlands tolerate very little desiccation, germinate rapidly even when additional 

water is not available and are usually sensitive to low temperatures (Farrant et al. 

1988). Acer laevigatum with its dry indehiscent fruit (samara) and 5 months 

storability under room condition may be considered orthodox, since they generally 

undergo a period of desiccation prior to shedding from the tree. The recalcitrant­

seeded species do not have this fmal maturation drying stage in their evolutionary 

strategy and are thus vuh1erable to moisture loss (Com10r and Bonner 2001 ). 

The five months storability of Acer laevigaturn seeds is attributed to its dry 

indehiscent fruit, which w1dergo a period of desiccation prior to shedding from the 

tree. The seeds lose only 2% moisture even after air drying in room temperature 

for one month . . \):zygiurn tetragonurn and Podocarpus neriifolia lose their viability 

beyond 30 days of seed fall, if temperature is not conducive for their germination 

during that period. The seed fall in Syzygiurn tetragonurn occur during April when 

day temperature is arow1d 24°C and moisture is not limiting due to pre-monsoon 

showers. h1 case of Podocarpus neriifolia and Acer laevigaturn seed dispersal 
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takes place during October, when temperature during day is about 26°C and soil is 

fairly moist. 

The field observation was substantiated by laboratory experiment where all 

the three tree species germination was high between 20°C and 30°C, but rate of 

gennination was significantly high at 25°C in all cases both in dark and light. This 

implies that 25°C is the optimum temperature for germination of the seeds of these 

spectes. 

Several workers (T eketay 1995; Castellani and Aquiar 200 1; F inneseth et al. 

1998; Meyer et al. 1989) have reported a temperature range of 20°C to 30°C for peak 

germination of seeds. T eketay ( 1995) reported that in Moringa stenopetala germination 

increased with increase in temperature until 25°C, but gradually started declining 

thereafter. Germination also declined at 15°C and was completely inhibited at I0°C. 

Chrysothamnus nauseosus seeds germinated to fu)] viability within 4 weeks at 20°C, 

25°C and 30°C indicating that the dormancy exhibited at lower temperatures was 

conditional or temperature dependant (Meyer et al. 1999) Castellani and Aguiar (200 1) 

also concluded that germination requirement of a pioneer tree species Trema micrantha, 

Survivorship 

Tree seedling survival in tropical moist forests have been fow1d to be 

influenced by several microenviromnental factors such as soil moisture (Barik et 

al. 1992: Hart 1995 ~ Rao et al. 1997), temperature (Pollock 1993: E verham 1996) 

and relative humidity. The survival of tree seedlings in the tropical rainforest is 
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generally low in the new germiuants (Li et al. 1996). Survivorship appears to 

improve as seedlings get larger (De Stevan 1994 ). 

The transplanted seedlings of Acer laev'igatum, Syzygium tetragonum and 

Podocarpus neriifolia both in gap and forest understorey experienced higher mortality 

than the naturally re_cf!:Iited seedlings. The reason for higher mortality in the transplanted 

seedlings may be due to physical injury to the root system during transplanting and 

sudden change in environment from net hou~e to the natural forest. Seasonal stress in soil 

moisture seemed to be the main cause of mortality in the natural forest. In nature 

desiccation has been reported as a major cause of seedling mortality in the understorey of 

a wide range of forest types including rain forests (Turner 1990). Besides, it has been 

argued that the potential causes of mortality under natural condition are various other 

~biotic stresses such as shade and flooding (Walters et al. 1993) and biotic influences 

such as herbivory, disease or root competition (Jones et al. 1994). 

Higher Seedling mortality of Acer laevigatum, Syzygium tetragonum and 

Podocarpus neri~folia under forest understorey than in gap indicates that 

availability of light was responsible for better growth and establishment of the 

seedlings in the gap. Similar observation has been made by Law (2002) who has 

reported that under natural condition seedlings of Acer laevigatum and Syzy'Kmm 

tetragonum show stunted growth in shaded places of the sacred grove at Raliang 

and !along forests in Jaintia hills of Meghalaya. 

Seedling growth and survival is nearly always promoted by increased light 

(King 1994; Coomes and Grubb 1988; van der Meer et al. 1998), except at very 

high levels (Zagt and Werger 1998). For example, Turner (1990) observed that 
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seedlings less than 1 m tall grew little w1der canopy shade conditions in Malaysian 

dipterocarp forest. Clark et al. (1993) fow1d similar results for saplings (0.5- 5 m 

tall) of nine species at La Selva, Costa Rica and Dalling et al. ( 1998) for eight 

pioneer species growing in gaps on Barro Colorado Island. The seedlings of 

shade-tolerant understorey species that survive well in low light conditions may 

show little difference in survival between gap and understorey sites. For instance, 

Fraver et al. ( 1998) fow1d no significant difference in survival over a four-year 

period of seedlings of Protium panamense and Desmopsis panamensis growing in 

gaps and under continuous forest canopy in Panamanian rain forest. 

Growth 

Importance of canopy gaps in the maintenance of plant diversity and in 
' ~- - . 

enhancing growth and development of species have been emphasized by several 

workers (Ashton 1978; Whitmore 1984; Brokaw 1985; Popma and Bongers 1988 

and Bazzaz 1990). Bazzaz and Pickett (1980) assigned tropical trees into two main 

categories such as primary species and early secondary species based on their 

adaptability in different gaps size. Primary species germinate under a closed 

canopy and remain oppressed till gaps are created for their further growth, while 

the early secondary species are fow1d only in the gaps and grow better in the larger 

gaps (Whitmore 1984: Popma and Bongers 1988). Primary species have been 

observed to show higher relative growth rate under the closed canopy than the 

gaps (Tripathi and Khan 1990; Chandrashekaran and Ramakrishnan 1993), while 

saplings of pioneer species grow better on the sites having low canopy and their 
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survival is poor under the dense canopy (Welden et al. 1991 ). Studies of Khan et 

al. (1986) and Barik et al. (1992) revealed that the seedlings of Quercus sp. were 

recruited mainly in the small gaps and forest linderstorey while those of Schima 

khasiana were abundant in larger gaps and disturbed stands. 

All the species in the present study showed better growth in gap with higher 

mean leaf area, LMA. RGR, root and shoot length and greater dry mass 

accumulation than those growing in the understorey. The higher relative growth 

rate in gap than the forest understorey in all the present studied species is similar 

to those reported by Osunkoya et al. ( 1994 ), Veneklass and Poorter ( 1998) and 

Kitajima (1994). Boot (1996) grew seedlings of Guyanan tree species in 

w1derstorey and gap-edge and gap-centre and concluded that most species did not 

show much improvement in growth rate between the gap-edge and gap-centre 

sites. The allocation component of RGR, leaf area ratio (LAR) declines with 

increasing light (Thompson et al. 1992; Oswuwya et al. 1994; Veneklass and 

Poorter 1998), but net assimilation rate (NAR) increases more rapidly with light to 

achieve increase in RGR. 

The seedlings of ali species had low root and high shoot dry weight. The 

higher biomass allocation to the shoot implies that these species are better 

competitors along light gradient and their growth increase as light condition 

improves w1der the canopy in the forest (Law 2002). A comparison of growth 

between forest understorey, gap and the net house, where light intensities were 

2%, 3 1% and 82% respectively revealed that the growth of the seedlings in the net 
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house was much better than that of the forest understorey and gap where they have 

to face other abiotic and biotic stresses of their environment. 

Plants experiencing drought during vegetative growth tend to develop 

smaller, often fewer leaves well before photosynthetic rates are markedly affected 

and the rate of leaf area growth decreases progressively with increasing drought 

(Muchow 1985; Zelitch 1982). Stress during the vegetative stage reduces leaf area 

index (LAI) thereby decreasing light interception (Kramer 1983) so that there is a 

fall in the efficiency of production per writ incident radiation. The seedlings of all 

three species in the present experiment had lower allocation of dry mass to root. 

The decrease in R/S ratio with increase in soil moisture level indicates that 

allocation to the root increases as soil moisture decreases. However greater 

accumulation of dry mass to the shoot in the present study indicates that the range 

of soil moisture levels maintained was not stressful for the seedlings. Besides 

conserving water, plants in dry areas commonly develop deep root systems that 

make use of water stored in the subsoil between rainfall events. Greater allocation 

to root development comes at the cost of reduced allocation to leaves and/ or stems 

(Coomes & Grubb 2000). 

The seedlings did not respond to nutrient application. This indicates that 

even the highest NPK levels (Nitrogen as urea 120 kglha, phosphorus as single 

superphosphate 60 kg!ha and potassium as muriate of potash 80 kglha) was not 

lllgh enough for the seedlings to show sigtuficant response. Similar observation 

has been reported by Koul et al. ( 1995) where height and collar diameter of 
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Bauhinia variegata seedlings did not increase at 90 kg N ha-1 and 80 kg P205 ha-1
. 

Joshi (1980) recorded biomass decrease in Azadirachta indica, Albizia amora, 

Acacia planifrons, Acacia lenticularis, Hardwickia binata and Tamarindus indicus 

due to nutrient application suggesting that these species can grow on marginal to 

poor fertility levels under dry conditions. 

Relative growth rate (RGR) serves as a fundamental measure of dry-matter 

production and can be used to compare the performance of a species or the effects 

of treatments under strictly defined conditions. However, RGR tells us little about 

the causal factors, which determine that performance (Beadle 1985). Syzygiurn 

registered higher RGR with increase in soil moisture but in Acer and Podocarpus 

there was no specific pattern. The RGR was almost w1iform in all the species 

w1der different nutrient concentrations. The higher RGR with increase in soil 

moisture level in Syzygium tetragonum suggest that the species requires higher soil 

moisture for better growth. The higher RGR in Syzygium, Podocarpus and Acer it1 

the gap suggests the important role that light plays in growth of these seedlings. 

Popma and Bongers ( 1988) proposed that RGR in the understorey is the best 

measure of shade tolerance of species. 

LMA was also high in gap in all three species. LMA is consistently high in 

the light demandit1g canopy tree species as compared to that of the shade-tolerant 

and canopy tree species. The average LMA in different forest types varies 

considerably between sites. A more direct study of leaf fonn on mow1tain Gw1m1g 

Silam in Borneo has shown a trend of increasing LMA with altitude (Bruijnzeel et 
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al. 1993). The LMA observed in the seedlings treated with different NPK levels 

contradicts the finding of Medina et al. ( 1990) who reported increases along a soil 

fertility gradient 

The role of microenvironmental variables in determining growth and 

development of plant species is well documented. Formation of canopy gaps is of 

particular importance in natural undisturbed forest for the maintenance of diversity 

of species, which requires high light intensity at least at early stage of their life 

cycle. Thus the species such as Acer laevigatum, Podocarpus neriifolia and 

Syzygium tetragonum could be treated as important gap colonizers. 

Nutrient allocation, accumulation and use efficiency 

The allocation pattern of energy, materials and nutrients to different organs 

determine fitness and success of plant in diverse enviromnental conditions (Harper 

and Ogden I 970; Abrahamson and Gadgil 1973). 

High concentration of nutrients in the yow1ger seedlings ( 120 days old) in 

all species than the older seedlings (360-months old) could be attributed to the 

decrease in nutrient concentration and proportional increase in biomass. The 

concentration of NPK was higher in the leaf of all the species and it decreased 

with age in all of them. NPK concentration was more in Acer laevigatum as 

compared to that of Syzygium tetragonum and Podocarpus neriifolia. This may be 

attributed to its deciduous nature. Chapin et al. (1980) have reported that 

concentration of nitrogen, phosphorus and potassiwn in the leaves of deciduous 

species is higher than evergreen species. 
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h1creased nitrogen content in plant tissues following addition of nitrogen to 

nitrogen-poor sites has been documented by a number of studies (Haag 1974; 

Nygaard and Odegaard 1993; Bowman 1994). However, Shaver and Chapin 

( 1986) found that only a minor part of the nitrogen that was added to soil was 

included in new biomass. ill the present study addition of NPK fertilizer did not 

have any significant effect on seedling growth. Study on the measurement of 

nitrogen contents in shoots of Betula nana (Paal1997) showed that comparatively 

low dosed of nitrogen does not increase the concentration in current-year shoots 

significantly. Karlsson ( 198 7) demonstrated that leaf nitrogen concentration 

differs between species growing on soils with equal concentrations of total 

nitrogen, suggesting an individualistic response of species to fertilization. Parsons 

(1994) found that N, P, K, fertilization influenced the shoot architecture of 

Empetrom nigntm ssp. Hermaphroditum, which produced more branches per 

meristem, longer stems and greater leaf mass. 

All species accumulated more NPK with mcrease 111 age under all the 

treatments. This was due to progressive increment in dry mass with age. Lodhiyal 

et al. (1995) have also reported that the standing state of nutrients in the vegetation 

increase with plantation age because of an increase in dry mass accumulation. 

The nutrient use efficiency (mg dry weight produced/mg nutrient uptake) in 

the present case is similar to Populus deltoides seedlings that ranged between 159-

175 for Nitrogen, 1405-1569 for Phosphorus and 295-332 for Potassium (Lodhiyal 

et al. 1995). 
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The nutrient use efficiency of the studied spectes decreased with the 

increase in f~rtilizer. application. Hiremath and Ewel (2002) reported that at high 

soil fertility level, nutrient use efficiency was low. The low nutrient use efficiency 

in species with the increase in fertility indicates that other factors might be 

influencing the efficiency of the species. High nutrient use efficiency of the plant 

species has been recognized as an adaptive strategy to survive on sites of low soil 

fertility (Srivastava and Behl 2002). Elliot and White (1994) have suggested that 

red pine seedlings can adjust their nutrient use efficiency, particularly for N, when 

light and nutrient availability were limited. In the present study NPK use 

efficiency was generally more in gap, but was not affected by addition of fertilizer 

in soil. These results suggest that N, P and K availability may not be influencing 

growth of seedlings in the understorey environment. 

Shaver and Chapin ( 1986) concluded that although shoot growth response 

to fertilization may be useful indicator of nutrient limitation, it is not a good 

quantitative predictor of the whole-plant response. Results of Paal et al. ( 1997), 

on response of Betula nana to nitrogen fertilization also indicate that plant 

response to fertilization is hard to describe, as the responses of additional nitrogen 

per se may be masked by response to other environmental parameters. 
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CHAPTER VIII 
SUMMARY 

The present work was undertaken to study the seed and seedling ecology of three 

important tree species viz. . Podocarpus neriifolia, Acer laevigatum and Syzygium 

tetragonum of subtropi~al setni.-eyergreen forest of northeast India with particular 

emphasis on the effect of light and temperature on seed germination, role of light and soil 

water and nutrient levels on seedling growth and nutrients concentration, accumulation and 

their use efficiency. 

The field study was carried out in two sacred groves (viz. Urkhla and Khloo 

Langdoh located at Jowai town (latitude 25° 26' 32" N, longitude 92° 12'E, altitude 1200-

1300 m asl), representing subtropical semi-evergreen broad-leaved forest and in the net-

house of the Department of Botany, North Eastem Hill University, Shillong (latitude 25° 

34' N, longitude 91° 45' E, altitude 1450 m asl). Seeds of Podocarpus neriifolia andAcer 

faevigatum were collected from Urkhla sacred grove while that of Syzygium tetragonum 

from Khloo Langdoh. However, field experiments were conducted at Khloo Langdoh 

because Urkhla is surrow1ded by hwnan habitation and much disturbed. 

I. Seed germination 

After 30 days of air drying, the seeds of Podocarpus neriifolia and Syzygium 

ferragonum lost 28% and 50% moisture respectively. Acer laevigatum lost only 2% 

moisture. 

77 



The germination percentages of Acer, Podocarpus and Syzygium seeds immediately 

after collection were 85%, 82% and 92% respectively. The time taken for initiation of 

germination was 2 days in Podocarpus neriifo/ia, 9 days in Syzygium tetragonum and 10 

days in Acer laevigatum. Germination was completed by 21, 20 and 24 days in 

Podocarpus neri!folia, Syzygium tetragonum and Acer laevigatum respectively. 

Germination percentage decreased with increase in storage time. In Acer it 

decreased from 74% at 30 days to 9% at 150 days whereas in Syzygium the seeds became 

non-viable after 60 days of storage and in Podocarpus neriifolia seeds did not germinate 

beyond 30 days of storage. 

Gennination rate was high at 25°C both in light and dark in all the three species. 

The germination of Acer laevigatum seeds in dark at 20°, 25° and 30°C was 82, 86 and 

78% respectively. The corresponding values under light condition were 76, 84 and 75%. 

Similarly, Podocarpus and Syzygium seeds showed higher germination at 25°C both in 

light and dark. 

II. Effect of gap and understorey 

Seedlings Survival 

Survival of transplanted seedlings of all three species was poor in the understorey 

than in the gap. At the end of 360 days there was 6 7% mortality in Acer laevigatum, 58% 

in Syzygium tetragonum and only 37% in Podocarpus neri?folia in the w1derstorey. In gap, 

Acer laevigatum (58%) and Syzygium tetragonum (50%) seedlings experienced higher 

mortality than Podocarpus neri~folia (16%) after 360 days. 
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Seedling growth 

Root and shoot growth of the three species was significantly (P<O.OOl) higher in 

gap than the forest understorey. 

Mean leaf area and leaf biomass per unit area (LMA; mg/cm2
) was significantly 

(P<O.Ol) higher in gap than forest understorey condition in all the species. h1 gap theLMA 

was 18.4 mg/cm2 in Acer laevigatum followed by Syzygium tetragonum (5.4 mg/cm2
) and 

Podocarpus neriifolia (5.1 mg/cm2
). The corresponding values in forest w1derstorey were 

14.3, 3.0 and 3.6 mg/cm2
. 

At the end of 360 days seedlings in gap had a dry mass of 2838 mg/plant in 

Syzygium tetragonum, 952 mg/plant in Podocarpus neriifolia and 516 mg/plant in Acer 

laevigatum seedlings. The corresponding values in the understorey were 97, 160 and 124 

mg/plant. 

In all three species root: shoot ratio was higher in gap than the understorey. 

Syzygium tetragonum, Acer laevigatum and Podocarpus neri{fiJ!w seedlings showed 

5.5, 4.5 and 2.8 times, respectively, higher relative growth rate (RGR~ mg day-1 planf1
) in 

gap than in the forest understorey during the first four month of growth. Thereafter the 

seedlings did not exhibit significant difference in RGR. 

Nutrient concentration, accumulation and use efficiency 

Nitrogen concentration in Podocarpus neriifolia and .\)-'ZYRTllm tetragonum 

seedlings was higher in the forest understorey while Acer laevigatum recorded higher N 

concentration in gap. N concentration was higher in leaf followed by root and stem. It 
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decreased significantly (p< 0.05) with the increase in age of the seedlings of all three 

species. 

Phosphorus concentration was higher in leaf followed by stem and root in all three 

species. Seedlings under forest understorey had significantly (P<O.Ol) higher P 

concentration than those in the gap. The concentration decreased with age of the seedlings 

in both gap and understorey. 

The leaf had higher K concentration followed by stem and root in all three species 

both in gap and forest understorey. With age concentration decreased in Syzygium both in 

gap and forest m1derstorey while in Podocarpus and Acer there was no significant 

difference due to age and forest habitats. 

N accumulation (mg planf1
) in all plant parts was significantly (p<O.Ol) higher in 

gap than the forest understorey. Leaf accumulated maximum N followed by root and stem 

at both the places and it increased with age of the seedlings. 

P and K accumulation was high in gap than the forest understorey in all species. 

The seedlings of all the three species m1der gap were more efficient in NPK use. 

III. Effect of soil moisture level 

Seedling growth 

Significant progressive growth in shoot and root length with increasing soil 

moisture was observed only in Syzygium rerragonum. 

The mean leaf area of 5yzygium tetragonum increased significantly with the 

increase in soil moisture. However, LMA decreased in Acer laevigatum and increased in 

Syzygium tetragonum. Podocarpus neri~folia did not show a definite trend. 
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The dry mass of Syzyg;um tetragonum seedlings increased with increase in soil 

moisture level. In all species shoot dry mass was higher than root at all soil moisture 

levels. 

The effect of soil moisture levels on root: shoot ratio was prominent only at the end 

of the experiment {360 days). It gradually decreased with increasing moisture level in all 

the species. 

In all spec1es maXlmum value of RGR was recorded at 120 days, thereafter it 

gradually declined. Syzygium tetragonum exhibited a marked increase in RGR {115 mg 

day-1 plauf1
) with the increase in soil moisture levels during the first four months of 

growth. As compared to this, the peak values of Acer laevigatum (106 mg day" 1 planf1
) 

and Podocarpus neriifo/ia (98 mg day-1 planf1
) were low. 

Nutrient concentration, accumulation and use efficiency 

In all species, N concentration was more in leaf followed by root and stem, and 

different soil moisture levels had no significant effect on it. The concentration in different 

parts decreased significantly (p< 0.05) from 120 days to 360 days old seedlings. 

The pattern of Phosphorus concentration was similar to that of N with higher value 

m leaf followed by stem and root in Acer laevigatum and Syzygium tetragonum. 

Podocarpus neriifolia seedlings had high concentration in leaf followed by root and stem. 

Soil moisture levels did not have significant effect on P concentration in different plant 

parts of all species. It decreased significantly (p< 0.05) from 120 to 360 days. 

N accumulation was more in leaf followed by root and stem at all soil moisture 

levels in all the species. With the increase in age, there was an increase in N accumulation 
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except in the leaf of Acer laevigatum, where accumulation decreased in 360 days old 

seedlings at 30% soil moisture level. However, in Syzygium tetragonum N accumulation in 

all parts increased significantly (p< 0.01) with increase in soil moisture level. 

P accumulation in Syzygium tetragonum increased with increasing soil moisture. It 

increased in all plant parts with age, except in Acer laevigatum that showed a decrease in 

the leaf at 360 days. 

K accumulation did not vary between different plant parts in all three species. It 

increased with age in all plant parts, except in Acer laevigatum which showed a decrease in 

the leaf at 360 days. 

Nitrogen use efficiency (NUE) and Potassium use efficiency (KUE) increased with 

increasing soil moisture level in Podocarpus neriifolia and Syzygium tetragonum. 

Phosphorus use efficiency (PUE) decreased with increasing moisture level in Acer 

laevigatum and Syzygium tetragonum. 

IV. Effect of soil NPK level 

Seedling growth 

Soil NPK levels did not have any significant effect on the growth of all three 

spectes. 

Acer laevigatum, Podocarpus neriifolia and Syzygium tetragonum seedlings did not 

exhibit any significant variation in mean leaf area and LMA wtder different levels ofNPK. 

Similarly there was no significant effect ofNPK doses on dry mass accumulation of all the 

three species. 
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The effect ofNPK levels on root: shoot ratio was distinct only at the end of the 

experiment. With the increase in NPK doses R:S ratio increased in Podocarpus neriifolia 

and decreased in Acer /aevigatum while Syzygium tetragonum did not show any trend with 

almost the same value at different NPK levels. 

RGR. attained peak during the first four month of growth in all cases. The values 

were 106 mg day-1 planf1 in Syzygium tetragonum, 101 mg daf1 planf1 inAcer laevigatum 

and 81 mg daf1 planf1 in Podocarpus neriifolia. 

Nutrient concentration, accumulation and use efficiency 

N concentration in different species and plant parts did not vary significantly at 

different soil NPK levels. However, it decreased with age in all cases. Leaf had higher N 

and P concentration in all species at all three NPK levels. It had 110 effect 011 K 

concentration. 

Nitrogen accumulation was more in leaf followed by root and stem of all the species 

at all soil NPK levels. With the increase in age, there was an increase in N accumulation 

except in Acer laevigatum leaf where it decreased at 360 days. 

There was no significantly difference in P accumulation with the increase in soil 

NPK levels in different plant parts of all three species. 

K accwnulation in Podocarpus neriijolia was more in leaf followed by root and 

stem at all soil NPK levels. 

Nitrogen use efficiency increased with increasing soil NPK level in Podocarpus 

neriifolia and Syzygium tetragonum. 
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Phosphorus use efficiency decreased in Syzygh1m tetragonum and potassium use 

efficiency decreased in Podocarpus neriifolia with increasing soil NPK levels. 
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