






























































































































































































































































































































































Table VI. 1. Density of tree species occurring in the four sacred groves of Manipur during 
December, 2001. 

Species 

Acacia auriculaeformis A. Curm 
ex.Benth. 
Adenanthera pavonina Linn. 
Albizia lebbeck Benth. 
Albizia lucida Benth. 
Albizia odoratissima Benth. 
Albizia procera Benth. 
Albizia stipulata (Roxb.) Boivin 
Alnus nepalensis D. Don 
Anthocephalus cadamba Linn. 
Anthocephalus chinensis Walp. 
Aphanamixis polystachya (Wall.) 
Parker 
Aralia sp. 
Ardisia sp. 
Artocarpus lakoocha Roxb. 
Artrocarpus hetrophyllus Lam. 
Bauhinia purpurea Linn. 
Bauhinia variegata Linn. 
Bischofia javanica Blume 
Bombax ceiba Linn. 
Borassus flabellifer Linn 
Caryota urens Linn 
Castanopsis hystrix DC. 
Ce/fc sp. 
Ce/f/s timorensis Linn. 
Chukrasia tabularis Andr. Juss. 
Cinnamomum sp. 
C/frus maxima Merr 
Cordia grandis Roxb. 
Delonix regia (Boj.) Raf. 
Elaeocarpus sp. 
Engelhardtia colebrookiana Lindl 
Entada scandens Benth 
Erythrina sp. 
Eucalyptus citriodora Hook 
Eugenia praecox Roxb. 
Eugenia sp. 
F/cus benghalensis Linn. 
F/cus benjamina Linn 
F/cus glomerata Roxb. 
F/cus hispida Linn. f. 
F/cus religiosa Linn. 
F/cus semicordata Linn 

Konthoujam 
Lairembi 

sacred grove 

— 

14 
— 
— 

134 
-
-
-
-
-

1 
-
— 

326 
-
-
13 
-
— 
— 

457 
59 
-
26 
3 

45 
8 
2 

55 
-
-
1 

124 
-

911 
27 
3 
13 
11 
56 
-
— 

Density per 
Mahabali 
sacred 
grove 

— 

-
10 
— 
— 
-
-
-
10 
3 

-
-
— 

145 
-
-
8 

73 
— 
20 

293 
5 
-
75 
— 
-
30 
-
-
-
-
-
-
-

788 
-
-
-
50 

270 
3 
15 

hectare 
Langol 

Thongak 
Lairembi 
sacred 
grove 

— 

— 
— 

183 
28 
— 
10 
-
-
-

— 
15 
— 
— 
5 
13 
— 
— 
13 
— 
— 
-
— 
10 
— 
— 
5 
-
-
-
63 
-
-
20 

688 
-
-
-
-

40 
-
18 

Heingang 
Marjing 
sacred 
grove 

3 

-
— 

135 
20 
50 
30 
5 
-
-

— 
— 
10 
— 
-
-
— 
— 
5 
— 
— 
-
75 
23 
— 
— 
— 
-
-
13 

243 
— 
-
5 

895 
-
-
-
-
30 
-

130 
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Flacouiiia jangomas (Lour.) 
Raeusch 
Gardenia companulata Roxb. 
Gmelina arborea Linn. 
Grevillea robusta A. Cum 
Heptapleurum hypoleucum Kurz 
Holigarna longifolia Roxb. 
Khajok* 
Lagerstroemia flos-regine Retz. 
Lannea coromandelina (Houtl.) 
Lannea grandis A. Rich 
Ligustrum robustum Blume 
Litsea citrata Blume 
Litsea poly ant ha Juss 
Litsea sebifera Thumb. 
Litsea sp. (1) 
Litsea sp. (2) 
Mallotus philippensis (Lamk.) 
Muell. & Arg. 
Mangifera indica Linn 
Mangifera sp. 
Marlea begoniaefolia Roxb. 
Melia azedarach Linn. 
Morus nigra Linn 
Oroxylum indicum Vent. 
Par/c/a roxburghii G. Don 
Pasania polystachya (Wall) 
Schottky 
Persea sp. 
Phyllanthus emblica Linn. 
P/nus /ces/ya Royle ex. Gordon 
Prunus sp. 
Psidium guajava Linn 
Quercus serrata Thumb. 
Rhus semialata Murray 
Pub/a sp. (1) 
Pub/a sp. (2) 
Santalum sp. 
Saprosma sp. 
Schima wallichi (D.C.) Horth 
Spondias pinnata (Linn.f.) Kurz 
Syzygium cumini (L) Skeel 
Syzygium jambos Linn. (Alston). 
Syzygium sp. 
Tamarindus indica Linn 
Terminalia citrina Roxb.ex Flem 
Thevetia neriifolia Juss.ex Steud 
Toona c/7/afa M. Roem 
Trema orientalis Blume 
Uha* 
Vanguirea spinosa Linn. 
Viburnum sp. 

5 

4 
32 
63 
306 
-
-
38 
51 
32 
93 
120 
772 
93 
26 
-

303 
36 
-

574 
5 
— 

349 
-
-

-
10 
-
-
-
-
68 
101 
2 
-

6022 
31 
16 
3 
1 
-
8 
-
5 
— 
76 
28 
65 
-

5 

133 
-
-
-
-
-
5 
8 
35 
-

170 
540 
-
-
40 

315 
170 
-

418 
70 
73 
-
-
-

2628 
23 
-
-
68 
-
-
-
-
-
-

155 
-
-
-
-
-
— 
— 
3 

80 
-

183 
-

-

-
-
-
-
-
-
-
10 
-
-

148 
720 
458 
-
20 

233 
-
45 
-
5 
15 
-
18 

293 

-
53 

988 
-
5 

918 
653 
-
-
25 
-

255 
-
-
-

43 
-

123 
-
-
10 
-
-
3 

15 

-
-
-
-
23 
8 
-
-
-
-

958 
583 
660 
-
40 

255 
-
20 
83 
50 
-
20 
-

105 

-
23 

1095 
38 
3 

1083 
410 
-
-
-
-

268 
-
-
-
-
-
-
-
3 
5 
-
8 
-

163 



Wendlandia exerta DC. - - - 65 
Wendlandia tinctoria Roxb. - - 205 435 
Xylosma longifolia Clos 561 323 5 335 
Zanthoxylum rhetsa Roxb. 17 
Zizyphus jujuba Lam. = 38 - -
Total 12192 7273 6353 8255 
* - Local name 
Variance of means of density/ha of the four groves = 6601477.23, Significant at the 
0.0005 level. 

tree species (Figure VI. 2a to b) in the four groves indicates the higher 

population of seedlings than the saplings and trees except for Marlea 

begoniaefolia and Litsea polyantha in Konthoujam Lairembi sacred grove, 

Eugenia praecox in Mahabali sacred grove, and Wendlandia tinctoria in 

Langol Thongak Lairembi sacred grove and Heingang Marjing sacred grove. 

Saprosma sp. in Konthoujam Lairembi sacred grove had maximum (89%) 

seedling population and Wendlandia tinctoha in Langol Thongak Lairembi 

sacred grove recorded minimum proportion of seedling population (16-34% of 

the total population). 

During May (beginning of the rainy season in Manipur) seedling 

population of all the selected species in the studied groves was greater as 

compared to the other seasons except for Litsea polyantha in Konthoujam 

Lairembi and Mahabali sacred groves, Litsea sebifera in Langol Thongak 

Lairembi sacred grove, and Litsea sebifera and Wendlandia tinctoria in 

Heingang Marjing sacred grove which showed maximum seedling population 

in December. In general, seedling population size decreased substantially 

after the rainy season. 
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Figure VI. 1. Population structure of all the tree species taken together in the 
four sacred groves of Manipur in December 2001. Total density of a particular 
grove is shown at the top of the corresponding bar. 
I -Konthoujam Lairembi sacred grove; II -Mahabali sacred grove; III - Langol 
Thongak Lairembi sacred grove and IV - Heingang Marjing sacred grove. 
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Figure VI. 2a. Population structure of the selected tree species in the Konthoujam Lairembi sacred grove (A) and 
Mahabali sacred grove (B). Percentages of the total density as seedlings (NA/1), saplings (y///\), and trees (min i ) 
are given. Total density of a particular species is shown at the top of the corresponding bar. 
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Sapling population did not show marked seasonal variation in density. 

Sapling population of Marlea begoniaefolia and Litsea polyantha in 

Konthoujam Lairembi sacred grove and Wendlandia tinctoria in Langol 

Thongak Lairembi and Heingang Marjing sacred groves was higher than the 

seedling population. As compared to the saplings and trees, the seedlings 

were more abundant in the four groves. Total sapling density per hectare was 

645 in Konthoujam Lairembi sacred grove, 499 in Heingang Marjing, 422 in 

Mahabali and 331 in Langol Thongak Lairembi sacred grove. 

Tree population of Saprosma sp. and Eugenia praecox in Konthoujam 

Lairembi sacred grove was very low. No adult individuals of Eugenia praecox 

were recorded in the Mahabali sacred grove and the same was true for Litsea 

sebifera in the Langol Thongak Lairembi sacred grove. 

Discussion 

The overall population structure of tree species in the four 

groves showed that contribution of seedlings to the total population was 

highest followed by saplings and trees. The differences in relative proportion 

of seedlings, saplings and trees among the four groves may be due the 

interactive influence of an array of biotic and abiotic factors. In Konthoujam 

Lairembi sacred grove, seedling populations of the top canopy species were 

negligible, however, the sub canopy layer species contributed greater 

seedling population. According to Jones etal. (1994) seedling layer in various 

forests, differs in composition from their respective overstories. Tall height 
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with relatively close canopy layer of the grove may favour the germination of 

seeds and establishment of the seedlings and saplings. According to Espelta 

et al. (1995), canopy closure seems to promote seedling germination through 

changes in the environmental conditions on the forest floor, which might be 

related to decreasing radiation and water evaporation. Klinka et al. (1990) 

also reported that climatic conditions are more favourable under the forest 

canopy than in the clear cuts. 

Variations in the population structure of the selected tree species in the 

four groves may be attributed to the differences in their habitat and prevailing 

microenvironmental factors. The presence of greater number of seedlings 

may be ascribed to the creation of microsites, which facilitates the germination 

of large number of tree seeds. Many workers have reported that tree species 

are able to survive and grow at reduced light intensities under the forest 

canopy (Atzet and Waring 1970, Emmingham and Waring 1973, 1977, Minore 

1998, Strothman 1970). On the contrary, many workers have shown that open 

canopy may favour germination and seedling establishment through 

increased solar radiation on the forest floor and consequently increase in 

surface temperature, and reduced competition from the canopy layer (Khan et 

al. 1987, Kollar 1972, Noble and Slatyer 1980, Oliver 1981, Srinivas 1992). 

The reduction of seedling population of the selected tree species in the 

four groves during the dry winter season may be due to adverse effects of soil 

moisture stress and unfavourable temperatures on survival of tree seedlings. 

Similar results have also been reported by several workers (Kumar et al. 

1994, Perira and Kozlowski 1977, Rao and Singh 1985, Schulte and Marshall 
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1983). Khan ef a/. (1986) also reported that survival of tree seedlings was 

lowest during the winter season in tropical deciduous and sub-tropical forests 

of Meghalaya state in India. 

The low sapling population of the selected species in the four groves 

despite the presence of high number of seedlings (except in case of Marlea 

begoniaefolia and Litsea polyantha in Konthoujam Lairembi sacred grove and 

Wendlandia tinctoria in Langol Thongak Lairembi and Heingang Marjing 

sacred groves) may be attributed to the adverse impact of environmental 

factors prevalent during the sapling growth. The greater populations of 

saplings of Marlea begoniaefolia, Litsea polyantha (Konthoujam Lairembi 

sacred grove) and Wendlandia tinctoria (Langol Thongak Lairembi and l iC^ 

Heingang Marjing sacred grove) than their seedlings could not be explained, 

however, it may be due to the poor seed set and seed germination. The 

greater number of saplings clearly indicates that these species will persist and 

may determine the composition of future vegetation of the groves 

(Jayasingham and Vivekanantharaja 1994, Swaine and Hall 1988). Swaine 

and Hall (1988) stated that higher number of saplings alone may not 

represent future composition, because over a period environmental changes 

could nullify the effect. However, in the absence of catastrophic events the 

saplings will gradually form future crowns. 

The absence of adult individuals of Eugenia praecox and Litsea 

sebifera in Mahabali and Langol Thongak Lairembi sacred groves, 

respectively, and the presence of their saplings and seedlings indicates that 

these two species are the new colonizers in these groves and have managed 
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to reach there through seed dispersal. Many studies have emphasized the 

importance of various specific factors for the successful establishment of 

saplings, including woody debris (Arnborg 1942, Harmon and Franklin 1989, 

Hytteborn et al. 1987), microtopography (Beatty 1984), soil depth (Bratton 

1976), diseases (Augspurger 1984a), vertebrate and predators (Ganesh and 

Davidar 1997), fire (Kikim and Yadava 1998) and fine scale irradiance 

patterns (Ustin et al. 1984). 

Regeneration of the forest trees is an indicator of the well being of the 

forest. Studies relating to the regeneration of species have attempted to 

analyse the effects of anthropogenic factors and other environmental 

stresses. It has been reported that regeneration of the species is greatly 

affected by fire (Stocker 1981, Sukumar et al. 1994) and logging (Guariguata 

and Dupuy 1997). The regeneration of species is also affected by natural 

phenomenon such as light gaps (Welden et al. 1991). It has been argued that 

degradation reduces species number, stem density and regeneration potential 

of the forests (Murali et al. 1996). Successful regeneration of any type of 

species can only occur if the right amount of growing space becomes 

available for the establishment and subsequent growth of seedlings (Klinka et 

al. 1990). Degree of stability of tropical forests may have important 

implications for the maintenance of biodiversity (Phillips and Gentry 1994), 

although moderate levels of disturbance may enhance levels of forest 

diversity (Connell 1978). 

The overall population structure of selected tree species based on 

classes reveals that seedling populations dominate the tree species 
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populations and the fluctuation in population density in various seasons is 

linked with the prevailing environmental factors. Recruitment of all the species 

increased during the rainy season attaining peak during June, which is the 

wettest month. Similar observations have been reported in tropical dry forest 

at Pinkwae, Ghana (Lieberman and Li 1992, Swaine etal. 1990). 

The results of studies on population structure reveals that the 

populations of seedlings and saplings of tree species should not face any type 

of biotic threat so that the natural regeneration can be encouraged in these 

groves in order to maintain the species and genetic diversity. 
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CHAPTER VII 

Tree Phenology, and survival and growth of 
seedlings of a few selected tree species 

in the four sacred groves 

The ecological significance of phenological research lies in the fact that 

it constitutes a synthetic approach for assessing the plant response to the 

prevailing environment. The knowledge of phenology encompasses the 

relationship between climatic and periodic phenological events in plants, and 

helps in a better evaluation of functioning of the ecosystem. Phenological 

observations provide a background information on functional rhythms of 

plants and plant communities (Beatly 1974, Frankie er al. 1974, Lieth 1974, 

Opier et al. 1980). For the better understanding of ecological adaptations of 

individual species as well as community level interactions, studies on 

phenological phases of trees such as growth periodicity, flowering and fruiting, 

plant-herbivore interactions and ecosystem properties (Reich and Borchert 

1982, Reich et al. 1991, Wright 1991) are important. The general phenological 

aspects of leafing, flowering and fruiting in tropical tree species are well 

studied (Borchert 1983, Daubenmire 1972, Frankie er al. 1974, Opier et al. 

1980, Putz 1979, Singh and Singh 1992, Sun et al. 1996). In India, studies on 

phenological pattern have been reported from central Himalaya (Ralhan et al. 

1985a, b., Sundriyal 1990), southern India (Murali and Sukumar 1994) and 

north-eastern India (Barik er al. 1996b, Bhuyan et al. 2003, Boojh and 
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Ramakrishnan 1981a, Khan et al. 2002, Shukla and Ramakrishnan 1982a). 

However, little information is available on the phenological pattern of tree 

species in the forests of Manipur (Kikim and Yadava 2001). 

The study of seedling ecology of tree species is necessary for a proper 

understanding of population dynamics of forest tree species and forests as a 

whole. Indeed, in the life cycle of trees, the most drastic population changes 

occur during the stages of seed setting, seed germination and seedling 

establishment (Augspurger 1984b, De Steven 1991a, b, Harcombe 1987, 

Harper 1977, Jones et al. 1994, Li et al. 1996, Schupp 1990, Seiwa 1998, 

Shibata and Nakashizuka 1995, Streng et al. 1989, Zagt and Werger 1998). 

Denslow (1980a) suggested that the probability that a tree species would 

persist is a function of its seedling establishment rate. Tree seedling dynamics 

is affected by various environmental factors (Augspurger 1984a, Bongers et 

al. 1988, Burslem et al. 1995) such as soil moisture (Ashton et al. 1995, 

Potvin 1993), micro-scale disturbances (Clark and Clark 1989, McCarthy and 

Facelli 1990, Kobayashi and Kamitani 2000), canopy cover (Crow 1992, 

Denslow and Guzman 2000, Harrington 1991, Streng et al. 1989, Titus 1990, 

Titus and del Moral 1998) and thickness of leaf litter layer (Clark and Clark 

1989, Facelli 1994, Molofsky and Augspurger 1992, Seiwa 1997, Seiwa and 

Kikuzama 1996). Some of the biotic factors such as herbivory (Forget 1997, 

Ida and Nakagoshi 1996, Khan and Tripathi 1991, Seiwa 1998, Wada 1993), 

fungal infection (Forget 1997, Khan and Tripathi 1991, Sahashi et al. 1994) 

and inter-species competition (Callaway 1992, Nakashizuka 1988) have also 

been reported to affect seedling demography to a great extent. Brokaw (1987) 
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and Grubb (1977) suggested that most of the observed patterns in tree 

seedling population behaviour in forest are caused by temporal and spatial 

variations in environmental factors that are influenced both by endogenous 

and exogenous disturbances. 

Tropical tree species vary widely in their light requirements (Richards 

1952, Whitmore 1975) and differ in regeneration pattern due to gaps 

(Denslow 1980b). Gaps are known to be important for the successful 

regeneration of many tree species (Clark and Clark 1992, Denslow and 

Hartshorn 1994, Hartshorn 1978, Kadambi 1941, Rao et al. 1997), and 

contribute to the maintenance of forest diversity (Brandani et al. 1988, Enright 

et al. 1993, Orians 1982, Pickett 1983). The effect of gaps in the forest 

canopy on the process of seedling development and growth has been 

intensively studied during the past two decades (Bongers and Popma 1988, 

Brokaw 1985a, 1987, Brown and Jennings 1998, Denslow et al. 1990, Fetcher 

et al. 1983, Hubbell et al. 1999, Hubbell and Foster 1986, Swaine and 

Whitmore 1988, Webb 1998, Whitmore 1978) in order to find out suitable 

habitats for the high light demanding species (Hubbell and Foster 1990), to 

promote growth rates (Coley 1983, Poorter 1998) and to reduce the 

dominance of competitively superior species (Connell 1978, Huston 1979). 

The recruitment, survival and growth pattern of tree seedlings in forest 

understorey and treefall gaps in the tropical forests have also been studied in 

different parts of the world (Denslow 1980a, Fox 1977, Nagamatsu et al. 

2002, Ricklefs 1987). 
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In natural forests, several studies have been conducted by many 

workers on phenology of tree species, and survival and growth of tree 

seedlings in understorey and gaps of the forests. But very limited information 

is available on such studies in sacred groves of India especially in the north 

east (Barik er al. 1996a). Moreover, no such studies have been reported so 

far from the sacred groves of Manipur. The present study on the phenological 

events of the selected tree species, and survival and growth of naturally 

emerged seedlings of a few selected tree species in the understorey and gaps 

of the four sacred groves of Manipur will fill in this gap in knowledge. 

Methods 

Based on the pattern of leafiness, all the woody species recorded in 

the four sacred groves were grouped into two major classes, viz. evergreen 

and deciduous. Evergreen species continually produce atleast small amount 

of new leaves throughout the year and do not show heavy leaf fall and don't 

become completely leafless at any time during the year, whereas deciduous 

species become completely leafless for atleast a brief period of the year. 

Phenological observations were made seasonally on 11 selected tree species 

(Oroxylum indicum, Saprosma sp., Marlea begoniaefolia, Vanguirea spinosa, 

Persea sp., Quercus serrata, Terminalia citrina, Pasania polystachya, 

Eugenia praecox, Wendlandia tinctoria and Schima wallichii) in the four 

selected sacred groves. 

Three gaps were recorded in each of the two groves located in the hills 

i.e. Langol Thongak Lairembi and Heingang Marjing grove and two gaps in 
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A 

B 

Plate 5. Seedling survival and growth in the understorey and gaps of the 
groves. (A) - Treefall in Mahabali sacred grove: a cause for the creation of 
natural gaps. (B), (C) and (D) - Tagged seedlings of Litsea sibefera, 
Eugenia praecox and Heptapleurum hypolecum, respectively for determining 
their relative growth rates. 



Mahabali grove while no gap was available in Konthoujam Lairembi grove. 

The area of gaps varied from 30.55 m2 to 266.73 m2. Different 

microenvironmental variables such as light intensity, soil moisture, water 

holding capacity (%), soil texture and soil pH were determined in the 

understorey and gaps. Light intensity was measured with digital lux meter at 

three different times during the day (8.00 a.m., 12 noon and 4 p.m.) in 

different seasons and means were calculated. Soil texture was determined by 

hydrometer method. Water holding capacity of the soil was measured 

following Keens-up method, while soil pH was measured by a digital pH 

meter. Values for different variables in the understorey and gaps are given in 

Table VII. 1. 

For studying the growth and survival, seedlings of nine important tree 

species viz., Eugenia praecox, Heptapleurum hypoleucum, Litsea polyantha, 

Litsea sebifera, Marlea begoniaefolia, Oroxylum indicum, Persea sp., Quercus 

serrata and Saprosma sp. were selected from the four sacred groves. Among 

the 9 species, two (Eugenia praecox and Litsea polyantha) were present in all 

the four groves. Marlea begoniaefolia was common to Konthoujam Lairembi 

sacred grove and Mahabali sacred grove. Persea sp. was exclusive to 

Mahabali sacred grove, while Heptapleurum hypoleucum, Oroxylum indicum 

and Saprosma sp. were exclusive to Konthoujam Lairembi sacred grove. 

Litsea sebifera and Quercus serrata were common to Langol Thongak 

Lairembi and Heingang Marjing sacred groves. 

20-25 seedlings (< 20 cm height) of each of the above nine tree 

species were randomly selected from the understorey and gaps. The selected 
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Table VII. 1. Environmental variables in the understorey and gaps in the four selected sacred groves 

Variables 

Area of gaps 
(m2) 

Light Intensity 
(Lux) 

pH 

Water holding 
capacity (%) 

Soil Moisture 
Content (%) 

Organic 
Carbon (%) 

TKN (%) 

Soil texture -
Clay% 

Silt % 

Sand % 

Konthoujam 
Lairembi 
sacred 

grove* 

Understorey 

-

5243 - 5380 

5.68 

44.67 

39.45 

5.37 

0.04 

2 

20 

78 

Mahabali sacred 

Under­
storey 

-

6857-
7400 

6.59 

40.32 

39.18 

5.23 

0.04 

3 

18 

79 

grove 

Gaps 

1 

131 

84367 -
88233 

6.42 

48.65 

39.46 

4.97 

0.04 

4 

16 

80 

2 

81 

83700 -
88667 

6.73 

47.76 

38.89 

4.76 

0.37 

3 

17 

80 

Langol Thongak Lairembi sacred grove 

Under­
storey 

-

6093-
6410 

5.4 

42.1 

38.4 

4.85 

0.02 

10 

21.5 

68.5 

1 

76 

79500 -
90000 

5.36 

42.54 

38.29 

4.88 

0.03 

11 

21 

68 

Gaps 

2 

25.91 

76300 -
80833 

5.32 

42.78 

39.01 

4.72 

0.02 

10 

23 

67 

3 

51.75 

79933 -
82667 

5.38 

42.57 

38.74 

4.93 

0.02 

9.5 

21.5 

69 

Heingang Marjing sacred grove 

Under­
storey 

-

5470-
5633 

5.88 

38.84 

32.96 

4.88 

0.01 

5.5 

17.25 

77.25 

1 

30.55 

88900 -
91100 

6.02 

39.52 

33.12 

4.89 

0.01 

5.15 

16.85 

78 

Gaps 

2 

66.73 

88533 -
99767 

5.99 

38.91 

32.78 

5.02 

0.01 

4.95 

17.50 

77.55 

3 

32.84 

91833-
93700 

6.02 

39.04 

31.46 

4.96 

0.01 

4 

18 

78 

* No gap was available during the study period in Konthoujam Lairembi sacred grove. 



seedlings were of uniform growth and healthy in appearance without any 

evidence of damage or injury. The selected seedlings were labelled with an 

individually numbered aluminium tag and their growth and survival were 

monitored seasonally over a period of 1 year (June 2002 to June 2003) at four 

month interval. Stem height and leaf area of all the tagged seedlings 

were measured in June (to), October (t^, February (t2) and June (t3). The 

periods from t0to t i , ti to t2 and t2 to t3 represented rainy, winter and summer 

seasons, respectively. Monthly data on temperature, relative humidity and 

rainfall are given in Figure VII. 2 (Chapter III). Leaf area of each seedling was 

measured by leaf area meter (LICOR 3000A). Relative growth rates of the 

individual seedlings in terms of height (RGRH) and total leaf area (RGRA) 

were calculated as per Hunt (1982). 

RGR (tn.i - tn) = [InS(tn) - In S(tn_i)] tn - tn-i "
1 

Where, S = the plant size, i.e. height (cm) or total leaf area (cm2) and t = time 

(months). 

Calculated RGRH and RGRA during the period t0 to ti have been 

presented as RGRH! and RGRAi, during ti to t2 as RGRH2 and RGRA2 and 

from t2 to t3 as RGRH3 and RGRA3, respectively. 

Results 

Vegetation type 

81 woody species were enumerated from the four sacred groves 

(details in chapter IV). Out of 45 species recorded from Konthoujam Lairembi 

sacred grove, 10 species showed marked leaf fall during a particular time of 
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the year and were assigned to deciduous category, while 35 species always 

showed atleast small amount of new leaves emerging throughout the year 

and these were assigned to the category of evergreen species. In Mahabali 

sacred grove, out of the 20 species, 4 revealed the characteristics of 

deciduousness, while 16 species showed the evergreenness. Total number of 

woody species in Langol Thongak Lairembi sacred grove was 24, out of which 

7 species were deciduous and 17 species were evergreen. 30 species were 

recorded from Heingang Marjing sacred grove and out of these, 9 species 

were deciduous and 21 species were evergreen. Percentage of leafing activity 

of the species in each grove is given in table VII. 2. Majority of the species in 

the four groves were evergreen in nature. 

Table VII. 2. Vegetation type of the four sacred groves of Manipur (based on woody 
species). 

Sacred groves 

Konthoujam 
Lairembi 

Mahabali 

Langol Thongak 
Lairembi 

Heingang Marjing 

Total 
number of 
species 

45 

20 

24 

30 

Leafing activity 

Leafing through the year 

Marked leaf drop and 
flushing 

Leafing through the year 

Marked leaf drop and 
flushing 

Leafing through the year 

Marked leaf drop and 
flushing 

Leafing through the year 

Marked leaf drop and 
flushing 

%of 
leafing 

activity of 
species 

78 

22 

80 

20 

71 

29 

70 

30 

Vegetation 
type 

Evergreen 

Evergreen 

Evergreen 

Evergreen 
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Leaf fall activity 

During the cool and dry winter months (from November extending up to 

April for some species) many species shed their leaves. The leaf fall was 

comparatively low in other months and it was almost negligible during the wet 

season. Eugenia praecox, Marlea begoniaefolia, Oroxylum indicum, Pasania 

polystachya, Persea sp., Quercus serrata, Saprosma sp., Schima wallichii 

and Terminalia citrina shed their leaves during cool and dry winter months. 

Terminalia citrina and Quercus serrata start leaf shedding from November and 

become leafless during January to March. In Vanguirea spinosa and 

Wendlandia tinctoria the leaf shed starts during August and September and it 

continues up to January (Table VII. 3). 

Leaf flushing activity 

Buds remain dormant throughout the cool and dry season, normally up to 

February. With the rise in temperature, the bud bursting activity begins. In 

general, the leaf bud formation, bud burst or flushing take place from January 

to July. However, leaf flushing was periodic and most apparent during March 

to April before the onset of rains. Peak leaf flushing for most of the species 

was observed during these months except for Wendlandia tinctoria in which 

the flushing begins from January and Pasania polystachya which starts leaf 

flushing from February. Saprosma sp., Persea sp. and Wendlandia tinctoria 

showed double determinate leaf flushes in July and August, during mid - wet 

season(TableVII.3). 
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Table VII. 3. Phenological records of the selected tree species in the four sacred groves of Manipur. 

Name of species 
Eugenia praecox 
Marlea begoniaefolia 
Oroxylum indicum 
Pasania polystachya 
Persea sp. 

Quercus serrata 
Saprosma sp. 

Schima wallichi 
Terminalia citrina 
Vanguirea spinosa 
Wendlandia tinctoria 

Leaf flushing 
Months 

March - April 
March - April 
March - April 
Feb. - May 
March - April 
Aug. - Sept. 
March - May 
March - April 
July - Aug. 
April - July 
March - June 
March - May 
Jan. - March 
July -Aug. 

Behaviour 
PexM 
PexM 
PexM 
PexM 
PexM 

PexM 
PexM 

PexM 
PexM 
PexM 
PexM 

Leaf fall 
Months 

Nov. 
Dec. 
Nov.-
Jan. • 
Nov. 

Nov. 
Dec. 

Feb. 
Nov. 
Aug. 
Sept. 

- Jan. 
-Feb. 
Jan. 

• March 
-Feb. 

- Jan. 
-Feb. 

- April 
-Feb. 
-Oct. 
- Jan. 

Behaviour 
PE 
PE 
PE 
PE 
PE 

PD 
PE 

PE 
PD 
PE 
PE 

Flowering 
Months 

April - June 
March - May 
March - May 
April - June 
April - June 

April - May 
March - May 

April - July 
March - April 
April - May 
Dec. - April 

Behaviour 
PexA 
PexA 
PexS 
PexA 
PexA 

PexA 
PexA 

PexA 
PexA 
PexA 
PexA 

Fruiting 
Months 

June 
Aug. 
Aug. 
Oct.-
Aug. 

Sept. 
Aug. 

Dec. 
Oct.-
Nov. 
Aug. 

-July 
- Sept. 
-Oct. 
Dec. 

-Oct. 

- Nov. 
- Sept. 

-Feb. 
• Dec. 
- Jan. 
- Sept. 

Behaviour 
Pbr 
Pbr 

PexL 
PexL 
Pbr 

PexL 
Pbr 

PexL 
PexL 
PexL 
PbL 

P - Periodic; M - Multiple events per year; A - Asynchronous; D -Deciduous; E - Evergreen; S - Synchronous; L - Lengthy fruit maturation > 4 
months; b - Brief periods < 2 weeks per episode; ex - Extended periods s 2 weeks per episode; r - Rapid fruit maturation < 4 months. 
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Flowering activity 

Flowering activity in these tree species was initiated during the leaf 

flushing or after the event of leaf flushing. All the species were observed 

blooming once a year though period of flowering varied from species to 

species. Majority of the species flowered soon after the leaf flushing. Some 

species like Marlea begoniaefolia, Oroxylum indicum, Saprosma sp. and 

Terminalia citrina started flowering from the month of March. Pasania 

polystachya showed flowering late after the leaf flushing while Wendlandia 

tinctoria showed flowering during the leaf flushing and it was extended over a 

long period. Quercus serrata showed flowering soon after the leaf flushing. 

Asynchrony type of flowering was quite common among the selected species 

(Table VII. 3). 

Fruiting activity 

Duration of fruiting activity varied from species to species. 

Development of fruit started in April in the case of Eugenia praecox, Marlea 

begoniaefolia, Oroxylum indicum, Saprosma sp., Terminalia citrina and 

Vanguirea spinosa. Fruit development takes place after the initiation of flower 

dropping. Majority of the species showed discontinuous and extended period 

of time for fruiting. Half of the species recorded lengthy fruit development 

behaviour while the others showed brief period of fruiting activity (Table VII. 

3). The period required for the maturation of the fruit varied from 2 to 5 

months for the different species. 
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Survival of seedling 

For all the species, seedling mortality was high during the month of 

February which experienced the cool and dry winter season. The survival 

was comparatively high in gaps than the understorey (Figure VII. 1). In the 

gap of Mahabali sacred grove, seedlings of Eugenia praecox and Persea sp. 

did not show any mortality during the study period. 

Relative growth rate of seedlings in terms of height (RGRH) and total 
leaf area (RGRA) 

Relative growth rate for height (RGRH) and for total leaf area (RGRA) 

of the seedlings of the selected species in the understorey of the Konthoujam 

Lairembi sacred grove (where gaps were not available) and in the understorey 

and gaps of Mahabali sacred grove, Langol Thongak Lairembi and Heingang 

Marjing sacred groves showed seasonal variation; the minimum being during 

October to February (Figure VII. 2). The cold and dry climatic conditions 

during these months may be responsible for poor growth of seedlings. 

In the understorey of Konthoujam Lairembi sacred grove, the 

differences in RGRH and RGRA among the species were significant (RGRH, 

F=18.34, PO.0001 and RGRA, F= 21.35, P<0.0001). Variation in relative 

growth rates for height differed significantly between RGRHT and RGRH2 

(F=29.41, P<0.0001), and RGRH2 and RGRH3 (F=27.14, P<0.0001). 

Significant differences in temporal changes of RGRAs were also recorded 

between RGRAi and RGRA2 (F=31.97, P<0.0001), and RGRA2 and RGRA3 
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Figure VII. 1. Survival of seedlings of the selected tree species in the understorey and gaps of the four sacred groves. 
G^ Konthoujam Lairembi sacred grove; G2 - Mahabali sacred grove; G3 - Langol Thongak Lairembi sacred grove; G -
Heingang Marjing sacred grove. Continuous lines represent understorey and broken lines represent the gaps. 
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Figure VII. 2. Relative growth rate for height (RGRH) and for total leaf area (RGRA) of the seedlings of the selected tree species in the understorey and 
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(F=15.7, P<0.0001). Eugenia praecox exhibited the highest RGRH and the 

value was lowest for Heptapleurum hypoleucum. Saprosma sp. showed the 

highest RGRA among the selected species (Figure VII. 2). 

While analyzing the growth of two common species (Eugenia praecox 

and Litsea polyantha) between the understorey and gaps in the case of the 

three groves it was observed that the relative growth rates for stem height and 

total leaf area differed significantly throughout the study period (RGRH, 

F=33.1,P<0.0001; RGRA, F=215.18, P=0.0001). Both RGRHs and RGRAs 

showed significant differences between the gaps and understorey during the 

study period (RGRHT and RGRH2, F= 13.86, P<0.0001; RGRAT and RGRA2, 

F=16.8, PO.0001; RGRA2 and RGRA3, F=12.11, P<0.001) except between 

RGRH2and RGRH3 (F=3.03, P<0.08). 

Increment of relative growth rate for stem height (F=35.83, P<0.0001) 

and for total leaf area (F=19.56, P<0.0001) was significant among the 

selected species between understorey and gaps of the three groves 

(Mahabali, Langol Thongak Lairembi and Heingang Marjing sacred groves) 

throughout the study period. However, RGRH and RGRA were not constant 

during the study period and showed substantial variation on each observation 

date. Temporal changes in relative growth rates for height differed 

significantly between RGRHT and RGRH2 (F=60.65, PO.0001) and, RGRH2 

and RGRH3 (F=28.47, P<0.0001). Differences in RGRAs also varied 

significantly between RGRAT and RGRA2 (F=26.67, P<0.0001) and RGRA2 

and RGRA3 (F=50.64, P<0.0001). In general, growth of the selected seedlings 
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in terms of RGRH and RGRA were characterized by seasonality showing 

marked decline during the period ti and t2 which corresponds with the winter 

season (Figure VII. 2). However, all the selected seedlings recorded higher 

RGRH and RGRA in gaps than in the understorey particularly during the rainy 

season (ti and t2). This clearly indicates that species differed in response to 

light environment and the growth of the seedlings was influenced by the 

canopy openness. Moreover, warm and wet period during summer season 

encouraged the growth of seedlings. 

Absolute height and leaf area of the selected seedlings in the four 
sacred groves 

At the end of one year study, significant differences (F=14.06, 

P<0.0001 for height and F=15.02, P<0.0001 for leaf area) were observed in 

absolute height and leaf area of the seedlings of different selected tree 

species in the understorey of Konthoujam Lairembi sacred grove. Litsea 

polyantha recorded the highest absolute growth followed by Oroxylum 

indicum, Heptapleurum hypoleucum, Marlea begoniaefolia, Eugenia praecox 

and Saprosma sp. (Figure VII. 3). Maximum leaf area was exhibited for Litsea 

polyantha followed by Oroxylum indicum, Heptapleurum hypoleucum, 

Saprosma sp. and Marlea begoniaefolia, while Eugenia praecox recorded the 

minimum leaf area (Figure VII. 3). 

Differences in absolute height of the two common species, Eugenia 

praecox and Litsea polyantha in the understorey and gaps of the three 
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groves, were significant (F=12.52, P<0.0001), whereas the differences were 

insignificant in the case of leaf area. 

Absolute growth for height and leaf area varied significantly (height, 

F=3.61, P<0.0001; leaf area, F=19.46, P<0.0001) in the understorey and gaps 

of the three groves. Height and leaf area of the seedlings of different species 

were slightly greater in gaps than in the understorey (Figure VII. 3), however 

differences were not significant. 

Discussion 

The overall vegetation type of the four groves was evergreen. The 

occurrence of maximum number of evergreen species in the groves maintains 

the greenness of these sacred forests throughout the year. The annual cycle 

of the environmental factors prevailing in the groves regulates the 

phenological characteristics of individual species. Leaf fall, leaf flushing, 

flowering and fruiting as recorded in the present study varied from season to 

season. The cool and dry winter period is responsible for maximum leaf drop 

whereas the increase in temperature during warm and wet periods induces 

the leaf flushing and flowering in most of the species. The different timings of 

the leaf fall may be due to micro-environmental differences (Boojh and 

Ramakrishnan 1981a), such as insolation and water retention by the tree 

species. Most of the species shed their leaves during the cool and dry period 

of the year. Similar observations have been reported by Boojh and 

Ramakrishnan (1981a) for sub-tropical forests of Meghalaya. Maximum leaf 

fall was reported recurrently during the driest part of the year in forest 
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communities (Bhat 1992, Bullock and Solis-Magallenus 1990, Frankie et al. 

1974, Hopkins 1966, Murali and Sukumar 1993, Prasad and Hegde 1986, 

Shukla and Ramakrishnan 1982a, Singh and Singh 1992, Taylor 1960). The 

leaf fall was followed by the bursting of buds during March-April. The bud 

bursting minimizes the stress of leaf fall during such periods and maximizes 

the photosynthetic activity during the wet warm summer season of the year. 

Reich and Borchert (1982) observed that the rate of leaf fall during the dry 

months of the year was strongly correlated with the reduced soil moisture 

content and increasing water stress of the tree. 

Leaf flushing in most of the tree species selected for study was 

observed during March to April, which may be attributed to warm climate of 

the year before the onset of rains. A few species continued leaf flushing 

during mid-wet season. This may be ascribed to intrinsic factors. Flushing of 

leaf towards the end of the dry season before rains is well reported (Bhat 

1992, Frankie et al. 1974, Shukla and Ramakrishnan 1982a, Singh and Singh 

1992, Singh et al. 2000, Whitmore 1984). This can be attributed to the 

triggering effect of the rising temperature (Walter 1968) in the wet season 

(Bullock and Solis-Magallenus 1990, Procter etal. 1983). 

Most of the species flowered during the late dry and early wet seasons 

(before rainy season). Some other workers have also reported the peak 

flowering before rainy season (Boojh and Ramakrishnan 1981a, Kikim and 

Yadava 2001, Singh and Singh 1992), and it has been argued that moisture, 

temperature and photoperiod during this period are responsible for peak 
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flowering (Frankie et al. 1974, Lawton and Akpan 1968, Murali and Sukumar 

1993, Njoku 1963, Pandey et al. 2002, Wright and van Schaik 1994). 

Fruit development starts when flower begins dropping. The peak 

fruiting period varied from species to species. Period of fruit maturation was 

extended and lengthy in several species, while Eugenia praecox, Marlea 

begoniaefolia, Saprosma sp. and Persea sp. showed brief activity and rapid 

fruit maturation. The peak production of mature fruit/during October which 

represents transitional period between the wet season and dry season. 

Therefore, most of the species have seeds with winter dormancy which 

germinate when warm rainy season starts (Boojh and Ramakrishnan 1981a, 

Bullock and Solis-Magallenus 1990, Kikim and Yadava 2001, Ralhan et al. 

1982). It is clear that the phenological characteristics in these tree species 

are regulated by environmental factors like temperature, moisture, solar 

radiation and humidity, as well as the intrinsic factors of the species. 

Seedling survival was greater in the gaps then in the understorey of the 

groves. Nagamatsu et al. (2002) discussed that the survival rate of seedlings 

of different species was affected by canopy openness. The seedling mortality 

was greater in the month of February and lower during June which is a wet 

month in Manipur. Lieberman and Li (1992) and Swaine et al. (1990) also 

reported that survival rate of the seedlings of tree species increased 

progressively during wet season. The seedlings are generally vulnerable to 

cool and dry climatic conditions prevailing during the winter season and a 

large number of seedlings died in both understorey and gaps. The detrimental 

effect of soil moisture stress on the survival of tree seedlings has been 
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reported by several workers (Khan et al. 1986, Khan and Tripathi 1991, Kikim 

1999, Kumar et al. 1994, McLead and Murphy 1977, Mueller-Dombois et al. 

1980, Perira and Kozlowski 1977, Rao and Singh 1985, Rao et al. 1997, 

Schulte and Marshall 1983). The microenvironmental conditions created due 

to the formation of natural gaps in the groves might be potentially favourable 

for the survival of tree seedlings as-also observed by Brokaw (1984). This 

signifies the role of light during the seedling establishment and survival. The 

importance of light (Augspurger 1984b, Burton and Muller-Dombois 1984, 

Connell et al. 1984), temperature (Sorensen and Ferrel 1973) and litter depth 

(Collins and Good 1987) in regulating tree seedling survival in tropical forests 

has been emphasized. A large number of species show better survival in gaps 

than in the understorey (Brokaw 1985b, Welden etal. 1991). 

The overall RGRHs and RGRAs for the seedlings of different species 

varied seasonally. Seasonal variability in growth response to light 

environment is an important parameter to determine the growth of subtropical 

tree species. There were increases in RGRHs and RGRAs during the wet 

season attaining a peak during June. Differences in relative growth rates 

among the species are caused by morphological parameters, while temporal 

changes are caused by physiological parameters (Isabel et al. 2001). 

Seedlings of all the species showed low RGRHs and RGRAs during the 

months of October and February which may be due to cold and dry winter 

season with high soil moisture stress due to low rainfall. The role of soil 

moisture in influencing growth of seedlings has been studied by many workers 

(McLead and Murphy 1977, Mueller-Dombois et al. 1980). The peak seedling 
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growth during rainy season could be attributed to the increased availability of 

nutrients due to rapid decomposition of litter on the forest floor and also to the 

higher moisture content of the soil. Relative growth rate for height and total 

leaf area were higher in the gaps than in the understorey. Brokaw (1985b) 

also found higher growth rates in gaps for pioneer species than the primary 

species. Augspurger (1984b) and Pompa and Bongers (1988) reported 

enhanced growth for all species in gaps. Spatial variation in light among gaps 

and understorey and its effect on growth have been extensively studied by 

many workers (Brokaw 1985a, Canham and Marks 1985, Denslow 1980b, 

Juliette 2003, Whitmore 1982, Zuleika etal. 2003). 

The absolute seedling height and leaf area were also greater in the 

gaps than the understorey for all species in the four groves. Variation in height 

growth and leaf area of the seedlings of different species may be partly 

responsible for the difference in growth behaviour under a given set of 

environmental conditions. Physiological ability of the plant influenced by the 

species-specific attribute for the efficient utilization of resources under various 

microenvironmental conditions also account for the differential growth 

response of seedlings of different tree species. 

The results of the present study indicate that different species differed 

in their growth responses in the understorey and gaps, which may be due to 

their specific attributes to influence the physiological ability to utilize the 

environmental resources efficiently. 

194 



GENERAL DISCUSSION 

Sacred groves of Manipur are conserved by "Meitef community for 

worshipping the sacred deities called Umanglais. These groves being closely 

associated with the culture and religion of the indigenous people, have been 

protected by them over the years. Meiteis worship Umanglais with the 

celebrations called "Lai-Harouba" (the pleasing of God) in their dwelling 

groves that are performed once in a year. It is believed that these celebrations 

please the deities who protect the local people, from sickness, harm, natural 

disasters and invasion by enemies. 

In total, 166 sacred groves were inventoried in the valley districts of 

Manipur where Meitei community dominates the population. The size of the 

individual sacred grove varies from a clump of a few trees having an area 

0.001 ha to 40 ha at the elevations ranging from 691 to 860 m asl. Area of 

majority of the groves ranged from 0.09 ha to 1.5 ha and the total area of all 

the inventoried sacred groves was 175.62 hectares. Some plant species 

found in these sacred groves are believed to be the incarnation of the deity 

and some species are associated with rituals. These species are regarded as 

sacred. Some of the examples of such species are: Ficus religiosa (Sana-

khonang) and Mangifera sp. in Langol Thongak Lairembi sacred grove, 

Terminalia arjuna (Mayokpha) in Mayokpha sacred grove, Syzygium jambos 

in Konthoujam Lairembi sacred grove. 

The sacred groves found in different locations of the state help in the 

conservation of rare and endemic plants and animals and various 
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ethnobotanically used plants. However, the sacred groves are being 

)-distributed and degraded due to the impact of developmental activities, 

urbanization, increase in population and other anthropogenic pressures. 

Moreover, the people's traditional beliefs are also being eroded, and 

indigenous and cultural practices associated with the sacred groves are 

considered as superstitions by a large section of people, particularly by the 

younger generation. All this has led to the degradation of sacred groves. Only 

a few of the groves (11%) are well preserved and are really helpful in 

maintaining the ecological balance and conservation of biodiversity, while 

most of them are/partly threatened (58%) a«4-seriously threatened (31%). 

This clearly shows that presently, the sacred groves of Manipur are not 

immune to human interference as the traditional beliefs have been 

considerably eroded. 

The floristic survey of the four sacred groves revealed the occurrence 

of 173 plant species belonging to 145 genera under 70 families which is 

floristically significant not only in terms of plant diversity but also in terms of 

diversity of families. Maximum number of species belonged to family 

Asteraceae and Rubiaceae (11 each) followed by Mimosaceae and 

Verbenaceae (8). Out of the total 173 species, 80 species were trees 

representing 59 genera under 33 families including 1 species of liana and 2 

species were unidentified, 24 were shrubs belonging to 23 genera under 14 

families, 62 species were herbs representing 34 families in 58 genera, and 6 

species were pteridophytes representing 3 genera under 3 families, which is 

higher than the reported number of species from the sacred groves in the 
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Western Ghats (Sundarapandian and Swamy 1997). This may be due to high 

rainfall and moderate climatic conditions prevailing in Manipur. Number of 

shrubs was low in comparison to trees and herbs. The ethnobotanical survey 

showed that out of the 173 species, 125 species (72%) representing 109 

genera and 59 families have the ethnobotanical importance. Among the 125 

ethnobotanically important species, 120 species (96%) representing 106 

genera under 57 families have medicinal value and are used for curing 

various ailments through indigenous practices. While examining the 

conservation status of the enumerated species based on the record of 

Manipur Biodiversity Strategy and Action Plan under National Biodiversity 

Strategy and Action Plan 2002, it was found that 5 species fall under the rare 

and vulnerable categories, 1 under vulnerable, 1 under endemic and 

vulnerable, 3 under the threatened and 1 under endangered category. 

The vegetation of the groves showed distinct stratification having tree, 

shrub and herb layers. The relationship between topography and the 

distribution of individuals of different species have been depicted by 

vegetation profile diagrams. The emergent layer of the canopy increased the 

extent of topstorey layer in Konthoujam Lairembi sacred grove, which creates 

heterogeneous microenvironment in the grove, thus allowing the maintenance 

of a diversified species composition (Cao and Zhang 1997). Emergent vertical 

strata of upper layer in Mahabali sacred grove permits the easy penetration of 

sunlight. The canopy is more or less closed in Langol Thongak Lairembi and 

Heingang Marjing sacred groves. The shrub layer and herb layer were formed 

by a variety of shrubs and annual and perennial herbs. Thus, these groves 
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with multi-layered stratification are characterised by the presence of a large 

number of heterogeneous microsites and are more effective in the protection 

and conservation of soil and water resources. The quantitative analysis shows 

that Saprosma sp. was the dominant species in Konthoujam Lairembi sacred 

grove with the IVI value of 29.7 and showed the maximum density (54 stems 

ha"1). The dominant tree species in Mahabali sacred grove was Persea sp. 

with the highest IVI value (52.4) and stand density (85 ha'1). Pinus kesiya 

was the dominant species in the two groves located in the hills and had the 

highest IVI value (176.3) in Langol Thongak Lairembi sacred grove and-apd-" 

(153.7) in Heingang Marjing sacred grove. It also had high density of 690 

stems ha"1 in Langol Thongak Lairembi sacred grove and 705 stems ha'1 in 

Heingang Marjing sacred grove. A liana Entada scandens was found only in 

Konthoujam Lairembi sacred grove. 

The biological spectra of the four sacred groves of Manipur prepared 

on the basis of Raunkiaer's life form system are more or less similar with the 

normal spectrum of phanerogamic flora of the world, which indicates that the 

vegetation is a relic of the tropical evergreen forests. The differences in 

climate and other environmental conditions in the groves, located at different 

elevations (plains and hills) seem to favour the development of different life 

forms, however, biotic disturbance may also change the proportion of life 

forms. Pandeya (1954) and Tiwari (1955) concluded that biological spectrum 

of a region reflects the most operative feature of the environment and the 

climate of the region. 
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One of the major considerations in recognizing the importance of an 

area for conservation perspectives is species richness of different life forms. 

The quantitative inventory of vegetation in the four sacred groves of Manipur 

showed high level of plant species diversity. The tree species richness 

recorded from the four sacred groves of Manipur falls within the range of 20-

233 species ha-1 which is more or less similar to the range reported by 

Procter et al. (1983) and Whitmore (1984) in tropical forests. Overall species 

richness recorded in the four sacred groves of Manipur was within the range 

of 35 - 90 species per hectare (c.f. Murphy and Logo 1986) and followed the 

similar trend (trees > herbs > shrubs) as reported by Singh et al. (1995). 

Saxena and Singh (1982a) also suggested that different species come up 

according to their preferences of light and shady environment to favour 

seedling establishment of tree, shrub and herb species. Species diversity and 

density varied with the habitat, different gradients of elevationp, environmental 

factors and edaphic characteristics. Moreover, species diversity is often 

correlated with rainfall and nutrient status (Hartshorn 1980). 

The recorded stand density of trees (359 to 1218 stems ha"1) in the four 

groves is much higher than the reported stand density in sacred groves of 

southern India (Kumar and Swamy 2003, Ramanujam and Kumar 2003, 

Visalakshi 1995). Stand density of the two groves located in the plains viz., 

Konthoujam Lairembi and Mahabali sacred groves, falls within the range of 

245-859 stems (>30 cm gbh) per hectare which is comparable with the figures 

reported by Ashton (1964), Bhuyan et al. (2003), Campbell et al. (1992) and 

Richards (1952) for tropical forests, while the stand density (995 
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and 1218 stems ha"1) of the other two groves located in the hills was higher 

than the oak forest of Manipur which ranged from 181 to 219 stems ha"1 

(Srinivas 1992). The overall comparison shows that the sacred groves of 

Manipur exhibited comparatively higher density than the Western Ghats. The 

density of shrubs recorded in the groves was also within the range (1800 to 

7000 per ha) of old growth tropical plantations (Pande et al. 1988). 

The values of basal area (35.51 to 85.54 m2 ha"1) of the groves are 

much higher than that of the reported range of 11 to 68 m2 ha"1 for tropical 

forests (Parthasarathy et al. 1992, Visalakshi 1995), and in the vegetation of 

dry tropics 17-40 m2 ha"1 (Murphy and Logo 1986). The strikingly high basal 

area (85.54 m2 ha'1) obtained in the Mahabali sacred grove is comparable with 

the basal area (73.6 m2 ha"1) at Gum Gum, Sabah (Burgess 1961) which had 

matured and good sized native or primary forest species having larger girth. 

The lowest basal area recorded in Langol Thongak Lairembi sacred grove 

may be due to the dominance of Pinus kesiya having narrow range of girth 

class. 

Difference in species diversity between communities generally resulted 

from variations in site quality (Denslow 1980a). Shannon-Weiner diversity 

indices are generally high for tropical forests of Indian subcontinent which 

ranged from 0.81 to 4.1 (Bhuyan et al. 2003, Parthasarathy et al. 1992, Singh 

et al. 1984, Visalakshi 1995). The values obtained in the present study (1.79 

to 3.17) fall within the reported range for tropical forests, and are markedly 

lower than those reported by Knight (1975) for young (5.06) and old (5.4) 

stands. 
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The calculated values of concentration of dominance in the groves are 

higher than the values reported for tropical forests elsewhere (Bisht 1989, 

Parthasarathy et at. 1992, Visalakshi 1995). The values for species diversity 

indices showed the trend as herbs>trees>shrubs while the concentration of 

dominance values showed the opposite trend (shrubs>trees>herbs). In 

general, species diversity and concentration of dominance showed inverse 

relationship (Joshi and Behera 1991, Murthy and Panthak 1972, Singh and 

Mishra 1969). The high diversity and low concentration of dominance may be 

due to the different levels of biotic influences in the four groves. 

All the four groves of the present study showed a remarkable degree of 

dissimilarity in their species composition at the level of habit (tree, shrub, herb 

species) of the plant species. The least similarity in occurrence of common 

species among the groves may be due to the narrow ecological amplitude of 

the species and differences in the prevailing habitat conditions. Murphy and 

Logo (1986) suggested that the differences in the species composition and 

physiognomy of vegetation might be due to the soil characteristics. Moreover, 

the variation in habitat may also alter the species composition. Maximum (3 

diversity value recorded between Mahabali and Langol Thongak Lairembi 

sacred grove may be attributed to the variation in topography, habitat 

conditions and soil characteristics. There was altitudinal variation of ca. 100 m 

above mean sea level between the sacred groves in the plains and in the hills, 

and soil moisture content was slightly higher in Mahabali sacred grove than 

the Langol Thongak Lairembi sacred grove. It may be mentioned that 
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Mahabali sacred grove is located near the catchment area while Langol 

Thongak Lairembi sacred grove is in the hill ranges. 

Least value of p diversity between Langol Thongak Lairembi and 

Heingang Marjing sacred grove in terms of tree, shrub and herb species, may 

be due to similar microenvironmental conditions, altitude and biotic stresses. 

Pande et al. (1988) argued that the impact of altitude and other factors 

significantly influence turnover of species among the sites. The higher values 

of p diversity and low similarity index as observed in the present study 

revealed that there is a marked variation between the groves in terms of their 

species content. 

There was a gradual decrease of species diversity and plant density 

with increase in girth class which is in conformity with the studies in the 

Western Ghats, India (Parthasarathy and Karthikeyan 1997a, Pascal and 

Pelissier 1996), Malaysia (Manokaran and LaFamkie 1990, Newbery et al. 

1992), Coata Rica (Lieberman et al. 1985, Nadkarni et al. 1995), New Guinea 

(Paijmans 1970) and New Caledonia (Jeffre and Veillon 1990). 

Microsite characteristics of the forest floor and microenvironmental 

conditions under the forest canopy also influence the regeneration of tree 

through seeds (Tripathi and Khan 1990). In general, regeneration of species 

is affected by anthropogenic factors (Khan and Tripathi 1989b, Sukumar et al. 

1994) and natural phenomena (Welden et al. 1991). The overall status of 

regeneration in the four groves was good as majority of the tree species in 

these groves recorded high seedling density as compared to the density of 

saplings and adult trees. This may be due to favourable microenvironmental 
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factors such as sufficient light for photosynthesis, soil moisture and litter layer 

on the soil surface. The occurrence of high proportion of plant species which 

were new to the grove and were represented by seedlings and saplings only, 

may be attributed to the invasion of new species through dispersal/migration 

from other areas. It may also be possible that the microenvironmental 

conditions in the grove are favourable for the survival and growth of these 

new colonizers. 

Proportion of seedlings, saplings and young trees in any forest 

community can provide satisfactory information on the regeneration behaviour 

of the forests (Saxena and Singh 1984). The observed variations in the 

population structure of the selected tree species may be attributed to the 

differences in their habitat and prevailing microenvironmental factors. Density-

diameter distribution of the selected species (Figure VI. 2a to b) in the four 

groves indicates the greater population of seedlings than the saplings and 

trees except for Marlea begoniaefolia and Litsea polyantha in Konthoujam 

Lairembi sacred grove, Eugenia praecox in Mahabali sacred grove and, 

Wendlandia tinctoria in Langol Thongak Lairembi and Heingang Marjing 

sacred groves. The seedling population was greater during May (rainy 

season) as compared with other seasons but sapling population did not show 

marked seasonal differences. Reduction in seedling population during dry 

winter season may be due to adverse effect of soil moisture stress and 

unfavourable temperatures on survival of tree seedlings. Similar results have 

also been reported by several workers (Kumar et al. 1994, Perira and 

Kozlowski 1977, Rao and Singh 1985, Schulte and Marshall 1983). The 
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greater sapling population of Marlea begoniaefolia, Litsea polyantha in 

Konthoujam Lairembi sacred grove and Wendlandia tinctoria in Langol 

Thongak Lairembi and Heingang Marjing sacred grove than the seedlings and 

trees clearly indicates that these species will persist and may determine the 

composition of future vegetation of the groves (Jayasingham and 

Vivekanantharaja 1994, Swaine and Hall 1988). Swaine and Hall (1988) 

stated that greater number of saplings alone may not depict the future 

composition of forest community because over a period of time any drastic 

environmental changes could nullify the effect. However, in the absence of 

catastrophic events the saplings will gradually form future crowns. 

The overall pattern of population structure of the selected tree species 

reveals that seedling population dominates the population structure and the 

fluctuation in population density in various seasons is dependent on the 

variations in the environmental factors. Recruitment of all the species 

increased during the major wet season attaining a peak during June, which 

may be due to the favourable moisture conditions during the rainy season. 

Similar observations have been reported in tropical dry forest at Pinkwae, 

Ghana (Lieberman and Li 1992, Swaine et al. 1990). 

Studies on phenological events are important for the better 

understanding of ecological adaptations of individual species as well as 

community level interactions (Reich and Borchert 1982, Reich et al. 1991, 

Wright 1991). Majority of the woody species found in these groves showed 

the emergence of atleast small amount of new leaves throughout the year on 

account of which the greenness of the forest is maintained. Hence, the 
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overall nature of the four groves was evergreen. The annual cycle of the 

environmental factors prevailing in the groves regulates the phenological 

characteristics of individual species. Most of the selected species shed their 

leaves during the cool-dry period of the year and flushing starts with the 

bursting of buds during March-April when warm period of the year begins, 

before the onset of rains. Stress of leaf fall was minimized during the wet 

warm summer season of the year maximizing the photosynthetic activity. 

Reich and Borchert (1982) observed that the rate of leaf fall during the dry 

months of the year was strongly correlated with the reduced soil moisture 

content and increasing water stress of the tree. The maximum leaf fall during 

the driest part of the year and greater leaf flushing during the wet season are 

in agreement with the observations of several workers (Bullock and Solis 

Magallenus 1990, Frankie et al. 1974, Procter et al. 1983, Shukla and 

Ramakrishnan 1982a, Singh and Singh 1992). Most of the species flowered 

during the later period of dry and early period of wet seasons (before rainy 

season) and fruit development starts when flower begins drooping, however, 

peak fruiting timing varied from species to species. Some other workers also 

reported the peak flowering before rainy season (Boojh and Ramakrishnan 

1981a, Kikim and Yadava 2001, Singh and Singh 1992), and it has been 

argued that moisture, temperature and photoperiod prevailing during this 

period of the year are favourable for flowering (Frankie et al. 1974, Lawton 

and Akpan 1968, Murali and Sukumar 1993, Njoku 1963, Pandey et al. 2002, 

Wright et al. 1994). The peak production of mature fruit of the selected tree 

species occurred during the transitional period (after October), between the 
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rainy season and cool-dry winter season. Therefore most of the species have 

seeds with winter dormancy and they germinate when warm rainy season 

starts (Boojh and Ramakrishnan 1981a, b, Bullock and Solis-Magallenus 

1990, Kikim and Yadava 2001). 

A good regeneration of tree species in the forests is an indicator of the 

well being of the forest. Natural regeneration of species depends upon the 

production and germination of seeds, and successful establishment of 

seedlings and saplings in the forests (Rao 1988). Natural regeneration 

provides a better possibility for conserving forest biodiversity. Besides, it also 

causes dense forest growth with a wider variation in vegetation structure. 

However, natural regeneration and establishment of primary forest species 

are the crucial phases because their requirements are more species-specific 

(Gomez-Pompa et al. 1972, Primack 1990, Whitmore 1984). Most of the 

studies relating to the regeneration of either specific species or the forest 

stand as a whole have focused on the impact of anthropogenic factors and 

natural disturbances. The regeneration of species is particularly affected by 

natural phenomenon such as light gaps (Welden et al. 1991). It has been 

reported that regeneration of the species is greatly affected by fire (Khan and 

Tripathi 1989c, Kikim and Yadava 1998, Stocker 1981, Sukumar et al. 1994, 

Toky and Ramakrishnan 1983) and logging (Guariguata and Dupuy 1997). 

Degradation has been reported to reduce species number, stem density and 

regeneration potential of the forests (Murali et al. 1996). Although moderate 

levels of disturbance may enhance the level of forest diversity (Connell 1978) 

and regeneration (Barik et al. 1996a, Khan and Tripathi 1987a). Successful 
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regeneration of any type of species can only occur if the right amount of 

growing space becomes available for the establishment and growth of 

seedlings (Klinka et al. 1990). Degree of stability of tropical forests may have 

important implications for maintaining biodiversity (Phillips and Gentry 1994). 

Canopy gaps created by treefalls provide favourable conditions for the 

growth of tree seedlings and in most close canopied forests tree regeneration 

is dependent upon the occurrence of gaps in the community (Miles 1974, 

Milthrope 1961). Gaps may play an important role in the maintenance of high 

species diversity (Connell 1978, Denslow 1980b) mediated by a high 

environmental heterogeneity (Brokaw and Busing 2000, Hubbell et al. 1999). 

Gap size is said to be the most important characteristic of gaps because it 

often correlates with biologically functional parameters (Denslow 1980a, 

Denslow and Hartshorn 1994, Rao et al. 1997, Turner 1990). Seedling growth 

is directly related to the way in which species can adjust their morphological 

and physiological characters to the environment. Seedling survival and 

relative growth rate of nine selected tree species were greater in the gaps 

compared to the understorey. Seedling survival was lower in winter and 

greater during wet season. Relative growth rates for height (RGRH) and total 

leaf area (RGRA) of seedlings of the selected species were low during the 

months of October to February which signifies the impact of winter season 

which was characterized by the low temperature conditions and high soil 

moisture stress due to very low rainfall. The detrimental effect of soil moisture 

stress on the survival and growth of tree seedlings has been reported by 

several workers (Khan et al. 1986, Khan and Tripathi 1991, Kikim 1999, 
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Kumar et al. 1994, McLead and Murphy 1977, Mueller-Dombois et al. 1980, 

Perira and Kozlowski 1977, Rao and Singh 1985, Schulte and Marshall 1983). 

The greater RGRHs and RGRAs of seedlings during the wet season ascribed 

a peak during the month of June may be accredited to the favourable 

temperature and edaphic conditions including availability of nutrients as a 

result of rapid decomposition of litter on the forest floor and also to the higher 

moisture content of the soil. Lieberman and Li (1992) and Swaine et al. (1990) 

also reported that survival rate of the seedlings of tree species increased 

progressively during wet season. 

Seedling survival and the overall RGRH and RGRA of the selected tree 

species were higher in the gaps than the understorey. The 

microenvironmental conditions created due to the formation of natural gaps in 

the groves might be potentially favourable for the survival of tree seedlings 

(Brokaw 1984). It signifies the role of light (Augspurger 1984a, Burton and 

Muller-Dombois 1984, Connell et al. 1984), temperature (Sorensen and Ferrel 

1973) and litter depth (Collins and Good 1987) in regulating tree seedling 

survival in tropical forests. Brokaw (1985b) also found higher growth rates in 

gaps for pioneer species than the primary species. However, Augspurger 

(1984b) and Pompa and Bongers (1988) reported enhanced growth for all 

species in gaps. Spatial variation in light among gaps and understorey and its 

effect on growth has been extensively studied by many workers (Brokaw 

1985b, Canham and Marks 1985, Denslow 1980b, Juliette 2003, Whitmore 

1982, Zuleika et al. 2003). Differences in relative growth rates among the 

species are caused by morphological parameters, while temporal changes are 
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caused by physiological parameters (Isabel et al. 2001). This clearly indicates 

that species differed in their response to light environment, and the growth of 

seedlings was influenced by the canopy openness. 

Absolute seedling height and leaf area were also greater in the gaps 

than in the understorey for all species in the four sacred groves. This may be 

due to the species-specific attributes which influence the physiological ability 

of plant for efficient utilization of environmental resources. Moreover, variation 

in height growth and leaf area of the seedlings of different species may be 

only partly responsible for the difference in their growth behaviour under a 

given set of environmental conditions. 

It may be concluded that the vegetation composition and regeneration 

of the selected tree species depend on the interactive influence of biotic and 

abiotic factors of the environment. The prevailing microenvironmental 

conditions of the groves provide the ecological niches that can nurture the rich 

plant biodiversity of ecological and economic importance. The observed better 

survival and growth of the tree seedlings in the gaps than the understorey 

depicts that the available micrcpnvironmental factors in the gaps such as light, 

water, nutrients etc. are more conducive for the survival and growth of tree 

seedlings. Seasonal changes in the prevailing environmental conditions also 

affect the survival and growth of the species. 

The present study encompasses the floristic, phytosociological and 

ethnobotanical aspects of the four selected sacred groves of Manipur, besides 

the investigations covering the regeneration, phenology, and survival and 

growth of seedlings of a few important tree species found in these groves. 
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The study has generated a wealth of useful scientific information on the 

representative sacred groves of Manipur, however in order to gain a deeper 

insight into the ecosystem process, and phenology, germination of seeds, 

survival and growth of seedlings of the successional and primary forest tree 

species of these sacred groves, the following studies need to be carried out: 

1. Detailed studies on the impact of the prevailing environmental conditions 

on the phenological events and tree seed bank dynamics in the sacred 

forest ecosystem. 

2. Detailed studies on seasonal variation on microenvironmental variables 

such as photon flux intensity, relative humidity and soil moisture in gaps 

and understorey that influence the survivorship and growth of tree 

seedlings. 

3. Studies on significance of dynamics of nutrient cycling (litter fall and 

decomposition and nutrient mineralization pattern) in the regeneration of 

species. 

4. Detailed studies on regeneration of keystone tree species in relation to 

different treatments at different microsites. 

Findings of the present study may be helpful in understanding and 

appreciating the rich plant diversity in the sacred groves of Manipur, 

comprising rare, threatened, endemic and ethnobotanically important species, 

and regeneration status of important tree species composing these groves. 
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Based on the findings of the present study, the strategies and action plans 

may also be formulated for the better management of these sacred groves 

and for the conservation of the valuable plant taxa some of which are confined 

only to these groves. 
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SUMMARY 

Sacred groves are the only forest patches that are saved from 

destruction caused by several anthropogenic stresses such as increase in 

human population, over-exploitation of forest resources, degradation due to 

urbanization and various developmental activities, forest fire, logging etc., that 

take place in other categories of forests. However, the religious beliefs, 

taboos and socio-cultural practices of the indigenous people associated with 

the sacred forests have contributed a great deal to the protection of these 

forests and conservation of biodiversity. The inventorization of their 

biodiversity, vegetation analysis, phenological observations and regeneration 

status of important tree species occurring in these sacred groves provide the 

background information for taking appropriate measures for conserving these 

groves which are now being degraded. There is a rich tradition of protecting 

and conserving forest patches in the north-eastern region by declaring them 

sacred and treating them as the dwelling places of gods and goddesses. A 

good number of ecological studies have been carried out on several sacred 

groves of Meghalaya, but the large number of such groves occurring in the 

state of Manipur have not been studied so far in detail. Therefore, the sacred 

groves of Manipur were inventoried and four sacred groves located in Imphal 

east and Imphal west districts of Manipur were selected for detailed study. 

Out of these, two groves viz. Konthoujam Lairembi and Mahabali are located 

in the plain/valley and two groves namely Langol Thongak Lairembi and 
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Heingang Marjing are located in the hills. The study focuses on the following 

aspects: 

i) Inventory of the sacred groves in Manipur. 

ii) Species richness, population structure and regeneration status of 
tree species in relation to their natural habitat. 

iii) Ethnobotanical value of the plant species occurring in the four 
sacred groves with emphasis on medicinal plants. 

iv) Population structure and regeneration status of a few selected tree 
species in the four sacred groves. 

v) Phenology of a few selected tree species in the four sacred groves, 
and survival and relative growth rate of their seedlings in the 
understorey and gaps. 

Inventory of the sacred groves 

An inventory of sacred groves distributed in varied locations in the four 

districts of Manipur viz. Imphal East, Imphal West, Bishnupur and Thoubal, 

was prepared based on an extensive field survey of these districts. In total, 

166 sacred groves were recorded from these districts. The area of the groves 

ranged from 0.001 to 40 ha and majority of them were threatened due to 

human interference. The groves located in the urban area are more degraded 

as compared with those located in the village areas. 

Plant biodiversity, species richness and population structure of the four 
groves 

A total of 173 species belonging to 145 genera under 70 families were 

recorded from the four sacred groves that were selected for detailed study. 

Out of 173 species, 80 species were trees representing 59 genera under 33 
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families including 1 species of liana, 24 were shrubs belonging to 23 genera 

under 14 families, 62 species were herbs representing 34 families in 58 

genera, and 6 species were pteridophytes representing 3 genera under 3 

families. Maximum number of species belonged to the family Asteraceae and 

Rubiaceae. 

The overall species richness in the four sacred groves was recorded 

highest in Konthoujam Lairembi sacred grove which had 81 species in 70 

genera belonging to 42 families and lowest in Langol Thongak Lairembi 

sacred grove which comprised 53 species representing 46 genera under 32 

families. In the case of woody species, the highest number of species was 

recorded highest in Konthoujam Lairembi sacred grove which had 44 species 

in 36 genera under 22 families along with 1 unidentified species. The number 

of woody species was lowest in Mahabali sacred grove (20 species of 17 

genera in 11 families). The highest stand density of woody species (1218 

stems ha"1) was recorded in Heingang Marjing sacred grove and lowest in 

Konthoujam Lairembi sacred grove (359 stems ha"1), whereas the basal area 

was recorded highest in Mahabali sacred grove (85.54 m2 ha"1) and minimum 

in Langol Thongak Lairembi sacred grove (35.51 m2 ha"1). Species 

composition and distribution pattern varied among the groves, however, the 

two groves located in hills were more or less similar. 

The groves had multi-layered vegetation formed by trees, shrubs and 

herbs. Among the tree layer Saprosma sp. was the dominant species in 

Konthoujam Lairembi sacred grove with the IVI value of 29.7 and it also 

contributed the maximum density (54 stems ha"1). The dominant tree species, 
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in Mahabali sacred grove was Persea sp. with the highest IVI value (52.4) and 

stand density (85 ha "1). Pinus kesiya in Langol Thongak Lairembi and 

Heingang Marjing sacred groves exhibited the maximum IVI value (176.3 in 

Langol Thongak Lairembi and 153.7 in Heingang Marjing sacred grove) and 

stand density (690 stems ha"1 in Langol Thongak Lairembi and 705 stems ha"1 

in Heingang Marjing sacred grove. 

The highest stand density and species richness were observed in the 

lowest girth class (30-60cm) decreasing consistently with increasing girth 

class. 

Konthoujam Lairembi sacred grove recorded the highest number of 

tree species (55 species) out of which 32 species (62% of the total) were 

regenerating. 9 species were not regenerating and 14 (25 %) were the new 

colonizers represented only by the seedlings or saplings. In Mahabali sacred 

grove, out of 39 species, 18 (46%) were regenerating, 2 (5%) were not 

regenerating and 19 (49 %) were the new colonizers. Out of the 38 species 

recorded in Langol Thongak Lairembi sacred grove, 23 (60%) were 

regenerating, 1 (3%) was not regenerating and 14 (37%) were the new 

colonizers. Heingang Marjing sacred grove recorded the lowest number of 

species (42 species), out of which 30 species (72%) were regenerating, 1 

(2%) was not regenerating and 11 (26%) were the new colonizers. The 

proportion of species showing good regeneration was maximum (18% of the 

total species) in Mahabali and Langol Thongak Lairembi sacred groves and 

lowest proportion (15%) of such species was recorded in Konthoujam 

Lairembi sacred grove. 
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Ethnobotanical values and conservation status of the plant species 
occurring in the four sacred groves 

Out of 173 species recorded from the four groves, 125 species were 

found having ethnobotanical values. Among the 125 ethnobotanically 

important species, 120 species (96%) representing 106 genera and 57 

families were found to be of medicinal value being used for the treatment of 

various ailments through indigenous practices. So far as the conservation 

status is concerned, 5 species were under the rare and vulnerable categories, 

1 under the endemic and vulnerable, 1 under vulnerable, 3 under the 

threatened and 1 in the endangered category. 

Population structure of a few selected tree species 

Population structure of the selected tree species viz. Marlea 

begoniaefolia, Eugenia praecox, Litsea polyantha, Persea sp., Heptapleurum 

hypoleucum, Oroxylum indicum, Saprosma sp, Wendlandia tinctoria, Quercus 

serrata and Litsea sebifera was studied during 2001-2002. Proportion of 

seedlings and saplings varied among the species and in different seasons. In 

all the species, density of seedlings was found higher than the saplings and 

adult trees. The seedling density was greater during rainy season attaining a 

peak in the month of June but sapling and adult tree populations did not show 

marked variation and had more or less similar density in different seasons. 

Seedlings constituted about 79% of the total density (3640 ha"1) in 

Konthoujam Lairembi sacred grove, followed by 68% each in Mahabali sacred 
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grove and Langol Thongak Lairembi sacred grove having the total density of 

1784 ha "1 and 1303 ha "1, respectively, and in Heingang Marjing sacred grove 

56% of the total density (1586 ha"1) was constituted by the seedlings. Total 

sapling density per hectare in the four groves was recorded in the order of 

645 (Konthoujam Lairembi)>499 (Heingang Marjing)>422 (Mahabali)>331 

(Langol Thongak Lairembi). 

Phenology of a few selected tree species in the four sacred groves 

Based on the pattern of leafiness, all the woody species (81 species) 

recorded in the four sacred groves were categorised into two major classes, 

viz. evergreen and deciduous. Majority of the species in these groves were 

evergreen species, showing the presence of atleast small amount of new 

leaves throughout the year. The highest proportion of evergreen species 

(80%) was recorded in Mahabali sacred grove followed by Konthoujam 

Lairembi sacred grove (78%), Langol Thongak Lairembi sacred grove (71%) 

and Heingang Marjing sacred grove (70%). Thus, all the four groves had the 

composition of evergreen forest. 

Phenological observations were made seasonally on 11 selected tree 

species (Oroxylum indicum, Saprosma sp., Marlea begoniaefolia, Vanguirea 

spinosa, Persea sp., Quercus serrata, Terminalia citrina, Pasania 

polystachya, Eugenia praecox, Wendlandia tinctoria and Schima wallichii) of 

the four sacred groves. Most of the selected species shed their leaves during 

the cool and dry period of the year and leaf flushing starts with the bursting of 

buds during March-April with the onset of warm climate before the rainy 
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season. Majority of the species flowered soon after the leaf flushing. 

Development of fruit usually takes place in the month of April after the 

initiation of flower dropping. 

Survival and relative growth rate of a selected tree seedlings in the 
understorey and gaps. 

The survival and growth of seedlings of nine tree species viz., Eugenia 

praecox, Litsea polyantha, Marlea begoniaefolia, Heptapleurum hypoleucum, 

Oroxylum indicum, Saprosma sp., Persea sp., Quercus serrata and Litsea 

sebifera were monitored in the understorey and gaps from June 2002 to June 

2003. Seedling mortality for all the species was high during the month of 

February, which was characterized by the cool and dry condition. The survival 

was comparatively higher in the gaps than the understorey. In Mahabali 

sacred grove, Eugenia praecox, and Persea sp. registered no mortality in the 

gaps throughout the study period. 

Relative growth rates for height (RGRH) and total leaf area (RGRA) 

were higher in the gaps than the understorey and varied seasonally showing a 

marked decline during the winter season. The low rainfall and high soil 

moisture stress during the cold and dry climate of winter season may be 

responsible for the poor growth of seedlings. In the understorey of 

Konthoujam Lairembi sacred grove Eugenia praecox exhibited the highest 

RGRH and the growth rate was lowest for Heptapleurum hypoleucum. 

Saprosma sp. showed the highest RGRA among the selected species. The 

tree seedlings recorded higher RGRH and RGRA in the gaps than in the 
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understorey particularly during the rainy season. This clearly indicates that 

tree species differed in their response to light environment and the growth of 

seedlings was influenced by the canopy openness. The peak seedling growth 

during the rainy season in all the species could be attributed to the favourable 

temperature and soil moisture conditions. 

The absolute growth in height and leaf area differed among the 

seedlings of selected species in the understorey of Konthoujam Lairembi 

sacred grove. Litsea polyantha recorded the highest absolute height and leaf 

area, while Saprosma sp. recorded the lowest absolute height and Eugenia 

praecox showed the lowest absolute leaf area. 

In all the three groves, the absolute growth for height and leaf were 

greater in the gaps than in the understorey, however, no remarkable 

differences were observed. 

The data generated from the present study on various aspects of plant 

diversity, and phenology, population structure and regeneration status of the 

selected tree species may be helpful in the sustainable management and 

conservation of biodiversity of the sacred groves. The documentation of 

ethnobotanical values and conservation status of species may be useful for 

the formulation of the strategies and action plans for the conservation of 

sacred groves of Manipur by the government and the non-government 

organizations. 
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